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Wetlands. A 240-acre wetland will be constructed within the stream channel
between 24th Street to 15th Avenue. A perennial, low-flow stream will meander
through, and supply water to the wetlands. The remainder of the low-flow
channeland channel banks will be vegetated with native riparian vegetation.

Gravel Pits/Storage Basins. Gravel pits along Lago de Vida Riparian Restoration
will be converted to storage basins for collecting storm drain runoff and the Salt
River. These basins will then serve as water sources for the Lago de Vida wetland.

Incidental Recreation Facilities. In addition to riparian restoration, a recreation
component is included within Lago de Vida as developed by the City of Phoenix.

The Lago de Vida riparian restoration project will be approximately 1,200 feet wide to conform
to the width of the present 100-year floodplain. The City of Phoenix is planning recreational and

urban development alongside Lago de Vida Riparian Restoration in a separate project.

Benefits
Habitat
Table 6.3 provides a summary of habitat benefits to be derived from the riparian restoration at

Lago de Vida. A total of 160 habitat units is provided at Lago de Vida with the majority of the

increase being in wetland habitat.

Wetlands 240.00 0.64 154

Cottonwood-Willow (On channel 12.0 0.5 6.0
banks)

Total 252 -- 160

Lago de Vida will be a significant improvement in habitat over the without-project condition.

The 240-acre increase in wetland vegetation will provide substantial block of scarce habitat
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suitable for wetland-dependent wildlife. Overall, species diversity throughout the study area will

be enhanced in comparison to the present condition in which there is virtually no riparian habitat.

Recreation

Figure 6.8 identifies and locates various recreation features that are incidental to the primary

project purpose of riparian habitat restoration. As developed by the City of Phoenix these

recreation facilities would complement the environmental objectives of the Lago de Vida project.

Table 6.4 lists the projected number of annual recreation user days for Lago de Vida according

to the general recreation categories identified in Section 5.4.1.

Watercraft-Related 0 0 0
Water-Based 2,000 0 2,000
Passive Linear 7,000 800,000 807,000

Defined Open 5,000 550,000 555,000
Space
Interpretive/EnvEd 1,000 50,000 51,000
Total 15,000 1,400,000 1,415,000

To convert the annual user days of unmet demand to an annual dollar amount the recreation
experience can be evaluated according to the following criteria:

Recreation Experience

Availability of Opportunity

Carrying Capacity

Accessibility
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Environmental Factors
Based on the above criteria, the project was assigned a UDV multiplier of $3.72. Using this
factor, the recreation benefit provided by Lago de Vida is 1,400,000 x $3.72 = $5,208,000 per

year.

Water Quality
Lago de Vida will serve to remove volatile hydrocarbons as well as nitrate contaminants.
Volatile hydrocarbons will be removed in the same manner (airstripping) as for Tempe Cienega.

Details on water quality improvements are provided in Appendix D.

Cost
A preliminary cost estimate for Lago de Vida Riparian Restoration for Alternative A is provided
in Table 6.5. Table 6.6 presents a cost estimate for the recreation component of Lago de Vida

in Alternative A.

Land Purchase LS LS $300,000
Water Supply Wells and Pumps LS LS $2,000,000
Stormwater Collection LS LS $2,500,000
Piping 7 miles $55/foot $2,033,000
Water Recovery System LS LS $2,000,000
Seepage Control LS LS $3,500,000
Wetland Establishment 240 Acres $11,000/acre $2,640,000
Recreation See Table 6.6 See Table 6.6 $2,494,000
Total $17,467,000
Engineering, Contingencies and Administration (55%) | $9,606,900

{L_Total Cost 27 00
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Land Purchase $300,000
Trails $154,000
Turf $190,000
Restrooms $120,000
Parking $89,000
Sitework $1,156,000
Ramadas $257,000
Entry Feature $50,000
Playground $145,000
Ampbhitheater Terraces $15,000
Promenade $18,000
Total $2,494,000°
! Cost Estimate Provided by the City of Phoenix.
2 Total cost, including 55% contingencies, engineering and administration, =
$3,865,700. Average Annual Cost = $315,100.

The annualized cost, assuming an interest rate of 8% and a project life of 50 years, is $2,206,900.
The annualized cost of habitat-related improvements only (wetland establishmlent, land, water
supply wells and pumps, stormwater collection, piping, water recovery system and seepage

control) is $1,891,800. The annualized cost per habitat unit at Lago de Vida is $11,800.

BENEFIT/COST SUMMARY

Annualized costs of Alternative A are summarized in Table 6.7.

Tempe Cienega $657,800
Lago de Vida Habitat Component $1,891,800
Lago de Vida Recreation Component $315,100
Total $2,864,700
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As an environmental restoration alternative, Alternative A will provide habitat and water quality

benefits. Habitat benefits are summarizéd in Table 6.8.

0 4 >+100% 0 24 2.4 >+100%

Mesquite
Wetlands 17.8 279.8 +1,471.9% 23 169.5 167.2 +7,270%
Cottonwood 779.8 806.8 +3.5% 136.6 150.1 13.5 +10%
Total 7976 1,090.6 +36.7% 138.9 3220 183.1 +132%

Additional benefits include the following:
1.  The project will be a major contribution towards Federal goals of protecting T&E
Species habitat.

The project will contribute towards the National interim goal of no net loss of
wetlands, and long term goal of increasing the quantity and quality of wetlands
(WRDA 90).

3. Continuous surface flows will remain in the river channel and support riparian
habitats.

4. Species diversity among flora and fauna will be enhanced

5. Significant water-based recreation opportunities are provided.

As a planning objective, securing water supplies which currently sustain riparian habitat provided
a focus for protecting present habitat. A constructed wetlands at Tempe Cienega and Phoenix
Lago de Vida would restore riparian habitat where currently none exists. The reach of the Salt
River from Phoenix Lago de Vida (19th Avenue) to 91st Avenue, however, includes riparian
habitat sites of varying quality; some of which are currently sustained by agricultural tailwater
discharges and storm drain runoff. Opportunities for securing water sources in the future in order
to sustain these specific sites are recommended for further investigation during the feasibility

study.
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A summary of the benefit/cost analysis for Alternative A is presented in Table 6.9.

"HABITAT RESTORATION
SITE ACRES BENEFITS | HABITAT | ANNUAL TOTAL
UNIT COST FIRST
COST COST
TEMPE CIENEGA | 4 Mesquite | 23 Habitat $28,600 $657,800 | $8,069,900
22 Wetlands Units
15 Riparian | Water Quality
Improvement
PHOENIX LAGO 240 160 Habitat $11,800 |$1,891,800 | $23,208,200
DE VIDA Wetlands Units
12 Riparian | Water Quality
Improvement
TOTAL 293 183 Habitat $13,900 |$2,549,600 | $31,278,100
Units
Water Quality
Improvement
RECREATION COMPONENT
SITE ANNUAL BENEFITS ANNUAL | TOTAL FIRST COST
COST
PHOENIX LAGO $5,208,000 $315,100 $3,865,700
DE VIDA
TOTAL $5,208,000 $2,864,700 $35,143,800
MONETARY
BENEFITS/COSTS

Annual financial benefits of at least $5,208,000 are derived from the recreation benefit at Lago
de Vida (undetermined water-quality benefits are achieved at Tempe Cienega and Lago de Vida).
Based solely recreation-related benefits and costs, the expected benefit/cost ratio is 16.5. An
overall increase of 132% in desirable (wetlands, mesquite and cottonwood-willow) habitat units
is expected, with the majority of the increase being in wetland habitat. The total habitat increase
to be derived from the alternative is 183 habitat units. The annualized cost per habitat unit, not

considering recreation costs, is $2,549,600/183 = $13,900.
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6.2.2 Alternative B: Comprehensive Water Resources Development
Alternative B (Figure 6.10) represernts a comprehensive water resources development strategy
wherein riparian habitat restoration and recreation share foremost as primary project purposes.
The two alternatives are similar in terms of habitat restoration, including the unique features of
converting environmental problems into opportunities for environmental gains. The significant
differences between the two alternatives are the development of recreation lakes in Tempe and
Phoenix. A lake development in Tempe, called Town Lake, involves construction of a 200-acre
lake immediately downstream of Tempe Cienega (the whole of which is called Tempe Rio
Salado). In Phoenix, Lago de Vida would be developed differently from that in Alternative A.

In this alternative Lago de Vida would include a 120-acre lake adjacent to a 120-acre wetland.

Wetlands and riparian habitat will be constructed within the channel of the Salt River. Methods
for preserving the integrity of these habitats during flood flows will be explored in the feasibility
study. The geomorphic and sediment transport features of the project, and potential related

impacts and mitigation measures, will also be investigated in detail in the feasibility study.

TEMPE RIO SALADO
The Tempe Rio Salado project consists of two components: Tempe Cienega and Tempe Town
Lake. These two major components take advantage of a proposed impoundment structure which
will be common to both. The impoundment structure is used to collect water and provide habitat
at Tempe Cienega while at the same time containing water for an urban recreation lake

downstream. Detailed descriptions of each component follow.

TEMPE CIENEGA
The Tempe Cienega description, benefits and costs are the same as described for Alternative A

and are reproduced below for convenience.

Description
Tempe Cienega restores habitat lost as a result of the construction of Indian Bend Wash and

upstream Federal Dams. Tempe Cienega restores scarce wetland, riparian and mesquite bosque
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Salt River approximately 350 feet upstream of the Indian Bend Wash 2) a constructed wetland

vegetation and consists of 1) an inflatable dam to serve as a water impoundment structure in the
in the Rio Salado channel upstream of the impoundment structure, and 3) a constructed wetland i
|

and mesquite bosque habitat in Indian Bend Wash within the City of Tempe. The concept and

function of the wetland are described below: ’ \

Inflatable Dam. The Salt River impoundment structure will consist of a 6-foot, inflatable
rubber dam at the location shown in Figure 6.2. Figure 6.3 shows a typical cross section
of the dam. The dam will impound all flows in the Salt River to a maximum ponding
depth of six feet. Existing soil cement banks will confine the lateral extent of ponding.

An inflatable rubber dam is selected because it is the most efficient method of impounding
flood flows in a flood-control channel without increasing the flood risk. The dam will be
inflated during low flows and when there is no flow, and deflated to allow large floods to
pass unimpeded. The dam has the advantage that it can be inflated at the tail end of large
floods in order to capture the receding flows for use in the wetland. Furthermore, a rubber
dam will permit sediment transport past the structure during large flows.

Salt River Wetland. The Salt River portion of the Tempe Wetland (Figure 6.2) will
consist of a 20-acre pond immediately upstream of the inflatable dam, 4 acres of
hydrophytic vegetation at the upstream edge of the pond, 15 acres of cottonwood/willow
riparian vegetation along a low-flow channel and a 90-acre, naturally-occurring revegetation
area between the pond and a grade-control structure downstream of the McClintock Road
bridge. The pond will be approximately 5 feet deep.

Indian Bend Wash Wetland and Mesquite Bosque. The Indian Bend Wash currently
includes a low-flow channel approximately 150 feet wide from McKellips Road to the
confluence with the Salt River. The low-flow channel widens to cover the entire bottom
width of the flood control channel near the confluence. This area, supplied with water at
_McKellips Road, can be converted into a wetland of approximately 18 acres in size.
Figures 6.4, 6.5, 6.6, and 6.7 show the concept plan view and cross section of the wetlands.

The Indian Bend Wash between Curry Street and the Salt River currently consists of bare
ground. There is a low-flow channel situated approximately 5 feet below a terrace between
the outer levees. The terrace would be vegetated with mesquite trees to create a mesquite
bosque habitat of approximately 4 acres.

Introduction of the mesquite bosque will affect the hydraulics of the Indian Bend Wash.
Preliminary analysis indicates that the water surface elevation could be increased by
approximately one foot without mitigation. Mitigation in the form of widening the low-
flow channel or increasing the levee height will be required to compensate for any increase
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in water surface elevation. The design as presented herein is conceptual and will be studied
in more detail in the feasibility study.

Benefits

Habitat
Table 6.10 provides a summary of habitat benefits from Tempe Cienega. An overall increase of
23 habitat units is expected, with the majority of the increase being in wetlands. Under present

conditions there are no habitat units at the restoration sites.

The Tempe Cienega will replace existing bare earth with a mesquite forest habitat that is in
severe decline elsewhere in the Southwest. The mesquite forest, with adjacent wetland and
cottonwood/willow vegetation will provide shelter and a food source for a wide variety of native
birds, mammals and reptiles including those adapted the xeric conditions of the desert as well as
those adapted to wet environments. Animal populations and species diversity will be significantly
increased. Migratory bird species often rely on these types of habitats, which are significantly

declining, as temporary resting and foraging places during migration.

Water Quality.

Tempe Cienega will provide water quality benefits in the form of TCE clean-up of water from
Well #6. Exposure of Well #6 water to the air along Tempe Cienega will release the
contaminants and improve water quality. The purified water can be infiltrated back into the
ground if desired. The amount of purified water will be the difference between the maintenance
needs of Tempe Cienega, including evaporation, and the pumping rate. If a pumping rate of 3
million gallons per day is used, the net treated water would range from 0.85 to 1.94 to 2.15
million gallons per day.
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Mesquite Dominant

Site Area Quality " Habitat Water Source
(Acres) (0-1) Units
Indian Bend 4 0.60 24 Groundwater
Wash

Wetlands Dominant

Site Area Quality Habitat Water Source
(Acres) 0-1) Units
Salt River 4.0 0.56 2.2 Groundwater and Salt River
Flows
Indian Bend 18.0 0.58 10.4 Groundwater
Wash
Subtotal 22.0 - 12.6 Groundwater and Salt River
Flows

Cottonwood Willow Dominant

Site Area Quality Habitat Water Source/Impact
(Acres) (0-1) Units
Salt River at 15.0 0.5 7.5 Groundwater and Salt River
Tempe Flows
Total 41 - 22.5 Groundwater and Salt River
Flows
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Cost

A preliminary cost estimate is provided in Table 6.11.

Land Purchase LS LS $70,000
Inflatable Dam at Salt River. 1 LS $2,700,000
Excavation 160,000 cubic yards $2/cubic yard $320,000
Water Supply Wells and LS LS $500,000
Pumps
Piping 1 mile $55/foot $290,400
Wetland, Riparian Vegetation 41 Acres $11,000/acre $451,000
and Mesquite Bosque
Establishment'
Seepage Control LS LS $875,000
Total $5,206,400
Engineering, Contingencies and Administration (55%) $2,863,500
Total Cost $8,069,900
1 United States Bureau of Reclamation, 1992. Vegetation Management Study, L.ower
Colorado River, Phase 1.

The annualized cost, assuming an interest rate of 8% and a project life of 50 years, is $657,800.

The annualized cost per habitat unit is $28,600.
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TEMPE TOWN LAKE

Description
Tempe Town Lake (Figure 6.11) is a 200-acre recreation lake which will extend from about
1,500 feet west of Mill Avenue, east to the Indian Bend Wash. The lake would be contained by
inflatable rubber dams and the present soil cement banks. Due to the relatively gentle slope of
the channel, two rubber dams (at each end of the lake) are needed to maintain lake levels. The
upstream rubber dam is included as a component of the Tempe Cienega portion of the riparian
habitat restoration component of the project. Construction of the downstream dam is to be
provided by recreation funds to complete Town Lake. The lake will be used primarily as a
boating lake of sufficient water quality to be permitted for partial body contact. Swimming in
Rio Salado will not be allowed due to safety considerations and the high cost of consistently

maintaining a highly-transparent water quality.

Fishing sailing, paddle-boating, canoeing, hiking, bicycling, horseback riding, golf, soccer and
softball are a few of the planned recreation activities. Along the channel banks will be trails for

bicycling, hiking and equestrian use as well as playing fields and golf courses.

Major design features of Tempe Town Lake are described below:

Impoundment Structures. In conjunction with the impoundment structure at Tempe
Cienega, a 16-foot-high, air-inflatable rubber dam is located approximately two miles
downstream to contain water for Tempe Town Lake. An inflatable dam is selected as the
downstream dam as it meets several criteria including hydraulic, sediment transport, flood
control, aesthetics, operational flexibility and safety. The downstream dam is similar to the
upstream dam, but is 10 feet higher. The upstream dam at Tempe Cienega contains water
for Tempe Town Lake on the downstream side of the dam. During those periods when the
Salt River flows, the upstream dam would have water on the upstream side for habitat
restoration and on the downstream side to maintain Town Lake.

The inflatable dam configuration is shown schematically in Figures 6.2 and 6.3. Each dam
segment will be independently operable to allow flexibility for low flow and sediment
passage, and to be able to exercise each segment for maintenance checks. One of the
manufacturers of inflatable dams claims that the 16-foot dam could be overtopped by about
6 feet without inducing instability.
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The downstream dam would be constructed in four sections near the soil cement grade
control structure between Priest Drive and Mill Avenue. The inflatable dam at Tempe
Cienega will also be constructed in four sections, connected by concrete floodwalls at the
confluence of Indian Bend Wash and the Salt River. The dams will be constructed across
the main channel of the Salt River. The lake will be situated within the main channel,
contained by soil cement bank protection at the sides and by the dams at the upper and
lower ends. All flows on the Salt River, including those from Indian Bend Wash, will pass
through the lake. ' ’

Water Demands. The base water demands for Rio Salado are lake evaporation and
seepage (infiltration through the bottom and sides of the lake). Additional water demands
include irrigation water for landscaping the Rio Salado project developments and creation
of artificial wetlands.

The annual average evaporation demand for the selected lake is estimated at 1.1 million
gallons per day (mgd, 2.2 mgd with "safety factor." 1.1 mgd is approximately 6 feet per
year on a 200-acre lake). The monthly rates should vary from 0.4 mgd in December to 1.7
mgd in June.

Seepage Losses. Based on the studies including drilling and monitoring of groundwater
levels, without seepage control the Rio Salado itself may be expected to lose approximately
0.2 feet/day, on the average, during steady state conditions. With available seepage control
technologies, seepage may be reduced to approximately 0.01 feet/day. Three seepage
control methods were investigated which include slurry trench cutoff walls, liners, and well
recovery systems.

Without seepage control, annual seepage may range in the order-of-magnitude of 16,000
ac-ft (14.1 mgd) for a lake surface area of 200 acres. With effective seepage controls,
annual net seepage losses for a 200-acre lake may range in the order-of magnitude of under
0.2 (theoretically zero with pumped recovery methods) to 400 ac.ft. (0.4 mgd) based on
liner construction techniques. Actual seepage will vary with clogging and natural
variability within the geologic and man-placed materials.

Landscape Irrigation. The demand for landscape irrigation water depends on the size of
the area to be irrigated, vegetation type, and method of irrigation. Final landscaping plans
have not yet been developed, so no exact estimates have been made. However, landscape
irrigation is an important water demand, and therefore merits consideration.

Preliminary estimates of areas that will be irrigated by the City of Tempe were prepared
by City planning staff. Based on the City’s estimate of future landscaped areas, the
irrigation demand range from 0.04 mgd in December to 0.33 in June.

An additional landscape-related demand to be considered is the proposed wetlands area
downstream of the lake on about 3.5 acres of planting areas, a rough approximation of the
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average monthly demand ranges from 0.02 mgd in December and January to 0.14 mgd in
June and July.

Water Sources. The potential sources of water for Tempe Rio Salado are reclaimed waste
water, the Salt River, Salt River Project water, storm water, and groundwater. Reclaimed
water is the most probable source of water, either through direct reuse or indirectly through
water exchanges. Direct reuse of reclaimed water occurs in supply alternatives that
physically pipe the reclaimed water from the City’s water reclamation facilities to Rio
Salado. Indirect reuse of reclaimed water occurs in supply alternatives that use aquifer
storage and recovery (ASR) technology to transform the water in legal and technical terms
from reclaimed water into groundwater. Indirect reuse is also considered in alternatives that
are based on trading reclaimed water for other physical sources of water. Considering
options for direct and indirect reuse of reclaimed water, the potential sources of supply
include the Salt River, Salt River Project, Central Arizona Project, urban storm water,
reclaimed water, and groundwater.

All water supply options included in this study are based on filling the lake and
maintaining wetlands by capturing receding Salt River flows. In other words, following any
Salt River flow event that requires the lowering of the inflatable dams, the dams would be
inflated to capture pools of water behind both the upstream and downstream dams at the
conclusion of the river flow event. Other sources of water considered herein are intended
to serve as makeup water for lake evaporation and seepage losses, supply to other water
features such as wetlands, and irrigation demands.

Stormwater Management. Stormwater represents a potential resource. Stormwater is a
source of additional water to the lake, but pollutant loads carried in runoff discharges may
result in adverse lake water quality impacts.

As expected for a desert environment, the average storm volume, intensity, and annual
number of storms in Phoenix are low compared to other parts of the nation. The average
storm produces 0.42 inches of rain over 8.1 hours. In addition, the time between storm
events is long, averaging 579 hours, or just over 24 days. Rainfall occurs 1.4 percent of
all hours in Phoenix, based on the average storm duration and time between storms.

The major sources of urban storm water that affect the Tempe Rio Salado site include:

Indian Bend Wash

Price Road Drain

Tempe/Scottsdale

Mesa

Salt River Pima-Maricopa Indian Community

The two largést watersheds are Indian Bend Wash and the Price Road Drain. Indian Bend
Wash drains a major portion of Scottsdale north of the Rio Salado site, while the Price
Road Drain conveys storm water from much of Mesa, and Chandler, south of the Salt
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River. In addition, 14 storm drain outfalls have been located that discharge into the Salt
River in the reach\proposed for Rio Salado.

Flood Control. The Salt River is the primary conveyance facility for flood water from
the Salt River and Verde River watersheds through the Phoenix valley. The design flood
for the river in the Rio Salado project area is the 100-year event. Recently-completed and
ongoing channelization projects in the area are intended to ensure that the design flood is
safely conveyed through the valley. The Arizona Department of Water Resources (ADWR)
and the Flood Control District of Maricopa County (FCDMC) will require that the Rio
Salado project not jeopardize the capacity of the river to contain flood water, even in the
event of a dam failure.

The Salt River is a complex and dynamic system. Physical changes to one reach of the
system invariably affect the rest of the system. The ability of the river to transport
sediment is one of the characteristics that must be carefully considered when modifications
to the river are proposed. The final project must minimize sediment transport-related
impacts to the Salt River system. Specific design criteria for flood control include:

. The capacity of the channel and bridge structures to pass the design event must
not be compromised.

. The water surface elevation during a-100-year flood event must not be
increased by more than 1 foot.

be contained in the channel.

o The single-event general scour downstream of the lake must not significantly
increase.

. The equilibrium slopes of the channel must be maintained.

Benefits
Tempe Town Lake is estimated to attract three to five million visitors per year with an annual
recreation benefit of $18,600,000. Table 6.12 lists the projected number of annual user days for
Tempe Town Lake. |

To convert the annual user days of unmet demand to an annual dollar amount the recreation
experience were evaluated according to recreation experience, availability of opportunity, carrying

capacity, accessibility and environmental factors.
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Watercraft-Related -0- 1,800,000 1,800,000
Water-Based 2,000 1,800,000 1,802,000
Passive Linear 7,000 800,000 807,000
Defined Open 5,000 550,000 555,000
Space
Interpretive/EnvEd 1,000 50,000 51,000
Total 15,000 5,000,000 5,015,000

Based on the above criteria, the project was assigned a Unit Day Value (UDV) multiplier of
$3.72. Using this factor, the recreation benefit provided by the Tempe Rio Salado is 5,000,000
x $3.72 = $18,600,000 per year.

The lake could be stocked with rainbow trout and channel catfish for sport fishing, which could
generate up to 300,000 angler visits per year. Assuming $10 expenditure per angler day, raw

expenditures by fisherman at Tempe Rio Salado could reach $3,000,000 per year.
Total benefits, including recreation and fisheries, will be approximately $21,600,000 per year.

Cost
A preliminary cost estimate for Tempe Town Lake is provided in Table 6.13. The preliminary
benefit/cost ratio, using recreation-related benefits and costs only, is $21,600,000/$3,687,400 =
5.9.
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Land Purchase $330,000

Construction Cost $20,900,000"
IDC (7 Months at 8%) $2,943,600
Urban Fisheries $5,011,700°
Subtotal Cost $29,185,300
Engineering, Contingencies and Administration (55%) $16,051,900
Total Cost $45,237,200
Annual Cost $3,687,400

! Bank protection has already been constructed and is not included in this cost.
This cost includes the cost of the downstream inflatable dam only.

Based upon information provided by the Arizona Game and Fish Department
(Appendix C)
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PHOENIX LAGO DE VIDA

Description
In Alternative B, the Lago De Vida project would consist of a habitat restoration, water quality,
and recreation complex involving a 120-acre wetlands, riparian vegetation along the streambank,
and a 120-acre recreation lake located within the Salt River channel near central Phoenix. The
lake would be designed to support fishing and urban recreation activities. Habitat along the river
would transition from streamside vegetation to an open body of water adjacent to a wetlands.
Several abandoned gravel pits along the river channel would be converted into storage basins
collecting urban storm drain runoff and treating it through a constructed wetlands. The location
of a sizeable body of water and riparian habitat in the central city would assist the City to realize
the greenbelt concept long envisioned for the Salt River Corridor. The following describe the
various features (Figures 6.12 and 6.13) proposed at Lago de Vida:

Lakes. A series of three lakes will extend for a distance of two miles along the
north side of the Salt River between 16th Street and 7th Avenue. The lakes will be
approximately 500 feet wide and .10 feet deep with occasional islands for use by
sports fishermen and waterfowl. Total lake area will be 120 acres.

The purpose of three lakes rather than one is to avoid the need for a large drop
(approximately 16 feet) from the river bed to the lake surface at the upstream end
of the two-mile reach. The drop would be required because the river bed slopes
upward in the upstream direction at a slope of approximately 0.0016 feet per foot,
but the lake water surface is horizontal. By using three lakes, the 16-foot drop can
be spread into three drops of approximately 5 or 6 feet each. The drops will be
protected against drop scour during large floods by soil cement toe-down or aprons.

Levee and Low-Flow Flood-Control Channel. The lakes will be separated from
the main channel flow by a soil-cement levee. This levee will rise approximately 10
feet above the channel bed to prevent frequent low flows and sediment from entering
the lakes.

Wetlands. A 120-acre wetland will be constructed within the stream channel
between 24th Street to 15th Avenue. A perennial, low-flow stream will meander
through, and supply water to, the wetlands. The remainder of the low-flow channel
and channel banks will be vegetated with native riparian vegetation.
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Gravel Pits/Storage Basins. Gravel pits along Lago de Vida Riparian Restoration
will be converted to storage basins for runoff water from local storm drains and the
Salt River.

Recreation Facilities. In addition to riparian restoration, a recreation component is
included within Lago de Vida as developed by the City of Phoenix.

The Lago de Vida project will be approximately 1,200 feet wide to conform to the width of the
present 100-year floodplain. The City of Phoenix is planning recreational and urban development

alongside Lago de Vida Riparian Restoration in a separate project.

Flood Control
The low-flow flood-control channel will be 500 feet wide and have capacity for approximately
a 5-year flood (45,000 cfs). Higher flows will overflow the levee and enter the lake, above
which there will be sufficient con;veyance to carry the 100-year discharge within the limits of the
present floodplain. Table 6.14 provides a summary of present and preliminary, proposed

hydraulic conditions.

The levee configurations shown in Figures 6.12 and 6.13 are conceptual only and not intended
for use as final design. The levee heights, toe-downs and alignments will be the subject of a

detailed hydraulic and scour analysis during the feasibility study.

177




PRESENT CONDITIONS!

DISCHARGE RETURN PERIOD? | FLOW DEPTH FLOW
(cfs) (Years) (Feet) VELOCITY
| (fps)
40,000 5 11.5 6.5
215,000 100 25.8 11.5

PROPOSED (FUTURE-WITH-PROJECT) CONDITIONS?®

40,000 5 9.2 8.5
215,000 100 25.3 16.5
215,000* 100 16.7 12.7

Average conditions from HEC-2 based on 1992 topography.

Based on Present Conditions, Prior to Modification of Roosevelt Dam.

3 Channel bottom width (low-flow channel) = 500 feet; channel slope = 0.0016;
Mannings roughness = 0.03; channel side slopes = 1:1.

Assumes channel bottom width = 1,000 feet. This is considered representative of
conditions that would exist during a large flood.
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Benefits

Habitat
Table 6.15 provides a summary of habitat benefits to be derived from the riparian restoration at
Lago de Vida for Alternative B. This alternative provides an overall increase of 83 habitat units,

with the majority of the increase being in wetland habitat.

Wetlands 120.00 0.64 77

Cottonwood-Willow (On channel 12.0 0.5 6.0
banks)

Total 132 - 83

Lago de Vida will be a significant improvement in habitat over the without-project condition.
The 120-acre increase in wetland vegetation will provide substantial block of scarce habitat
suitable for wetland-dependent wildlife. The lake will provide an opportunity to restore native
fish to the area. The lake, wetland and cottonwood/willow vegetation represent a significant
improvement for a wide variety of water-related wildlife including ducks, shorebirds, and raptors.
A significant number of passerine (perching) birds rely heavily on this type of oasis habitat for
normal existence and particularly during migration. The presence of this habitat for migratory
birds will help increase bird survival in other areas far removed from Lago de Vida. Native
mammals will be drawn to the improvements as well. Overall, species diversity throughout the
study area will be enhanced in comparison to the present condition in which there is virtually no

vegetative habitat.
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Recreation _
Figure 6.12 identifies and locates various recreation features as developed by the City of Phoenix
that would complement the environmental objectives of the Alternative B Lago de Vida project.
Table 6.16 lists the projected number of annual recreation user days for Lago de Vida according

to the general recreation categories identified in Section 5.4.1.

Watercraft-Related -0- 1,800,000 1,800,000
Water-Based 2,000 1,800,000 1,802,000
Passive Linear 7,000 800,000 807,000
Defined Open 5,000 550,000 555,000
Space :
Interpretive/EnvEd 1,000 50,000 51,000
Total 15,000 5,000,000 5,015,000

The recreation benefit provided by the Alternative B Lago de Vida is 5,000,000 x $3.72 =
$18,600,000 per year.

The 120-acre lake at Lago de Vida could be stocked with rainbow trout and channel catfish for
sport fishing. It may also be possible, depending upon habitat conditions, competition and lake
usage, to re-introduce some native fishes which may include the Desert and Sonora suckers,
Roundtail Chub, long fin dace, Razorback sucker, Colorado squawfish, spike dace, woundfin,
loach minnow and Gila topminnow. All of these native species are listed as Federal Threatened

or Endangered Species.
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Sport fishing in the lake is expected to genefate up to 300,000 angler visits per year. Assuming
a conservative estimate of $10 expenditiire per anglér day, raw expenditures by fisherman at Lago
de Vida could reach $3,000,000 per year. Total recreation-related benefits, including fisheries,
are $21,600,000 per year.

Water Quality

Lago de Vida will serve to remove volatile hydrocarbons as well as nitrate contaminants.
Volatile hydrocarbons will be removed in the same manner (airstripping) as for Tempe Cienega.
A 120-acre wetland could treat as much as 7,200 acre-feet of year for nitrates. This is equal to

the average amount of urban storm runoff entering from drains 11-20 and 33-39.

Erosion Control
The riparian vegetation proposed for the channel banks at Lago de Vida will increase the stability
of the channel banks and help reduce lateral erosion of the Salt River.

Cost
A preliminary cost estimate for Lago de Vida Riparian Restoration in Alternative B is provided
in Table 6.17. Table 6.18 provides a cost estimate for the Recreation Component of Lago de

Vida in Alternative B.

The annualized cost, assuming an interest rate of 8% and a project life of 50 years, is $4,344,200.
The annualized cost of habitat-related improvements only (wetland establishment, land, water
supply wells and pumps, stormwater collection, piping, water recovery system and seepage

control) is $1,706,000. The annualized cost per habitat unit at Lago de Vida is $20,600.
The annualized cost of the recreation component of Lago de Vida including fisheries costs, is

$2,619,200. Based on recreation-related benefits and costs only, the benefit/cost ratio for Lago
de Vida is $21,600,000/$2,619,200 = 8.3.
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Land Purchase LS LS $300,000
Soil Cement Bank 155,000 cubic yards $22/cubic $3,410,000
Protection, 8 Feet Thick yard
Excavation 3,500,000 cubic $2/cubic yard $7,000,000
yards
Water Supply Wells and LS LS $2,000,000
Pumps
Stormwater Collection LS LS $2,500,000
Piping 7 miles $55/foot $2,033,000
Water Recovery System LS LS $2,000,000
Wetland Establishment 120 Acres $11,000/acre $1,320,000
Seepage Control LS LS $3,500,000
Urban Fisheries 120 acres $245,100/year $3,006,900
Recreation (Not including See Table 6.18 See Table $7,314,000
fisheries) 6.18
Total $34,383,900
Engineering and Contingencies (55%) $18,911,100
Total Cost $53,295,000
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Land Purchase $600,000
Trails $276,000
Turf $738,000
Lake Enhancement (Overlooks, Trailhead Parking, $1,249,000
Pedestrian Bridge, Demonstration Gardens, Handicap Pier,
-Launch)
Landscaping $541,000
Restrooms $210,000
Parking $179,000
Demolition/Abatement $198,000
Sitework $2.229,000
Ramadas $466,000
Entry Feature $50,000
Maintenance Facility $168,000
Playground $145,000
Amphitheater Terraces $15,000
Promenade $18,000
Interpretive Centers $88,000
Total $7,314,0007

Cost Estimate Provided by the City of Phoenix. Estimates include Phases I and II.

Estimates do not include fisheries costs.

Total cost, including 55% engineering, contingencies and administration, =

$11,336,700. Average Annual Cost = $924,100.
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BENEFIT/COST SUMMARY

Annualized costs of Alternative B are summarized in Table 6.19.

Tempe Cienega $657,800
Tempe Town Lake $3,687,400

Lago de Vida Habitat Component $1,706,000
Lago de Vida Recreation Component $1,304,000
Total $7,355,200

As an environmental restoration alternative, Alternative B will provide habitat and water quality
benefits (Tables 6.20 and 6.21). An overall increase of 76% in desirable (wetlands, mesquite and
cottonwood-willow) habitat units is expected, with the majority of the increase being in wetland

habitat. The total habitat increase to be derived from the alternative is 106 habitat units. The

annualized cost per habitat unit, not considering recreation costs, is $2,363,800/106 = $22,300.

Mesquite 0 4 >+100% 0 2.4 2.4 >+100%

Wetlands 17.8 159.8 +797.8% 2.3 92.5 902 | +3,922%

Cottonwood 779.8 806.8 +3.5% 136.6 150.1 13.5 +10%

Total 797.6 970.6 +21.7 138.9 245.0 106.1 +76%
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Additional benefits include the following:

1.

The project will be a major ¢contribution towards Federal goals of protecting T&E
Species habitat.

The project will contribute towards the National interim goal of no net loss of
wetlands, and long term goal of increasing the quantity and quality of wetlands
(WRDA 90).

Continuous surface flows will remain in the river channel and support riparian
habitats.

Species diversity among flora and fauna will be enhanced

Significant water-based recreation opportunities are provided.

Annual financial benefits of at least $43,200,000 are derived from 1) a fisheries benefit at Lago
de Vida = $3,000,000, 2) a recreation benefit at Lago de Vida = $18,600,000 (Undetermined

water-quality benefits are achieved at Tempe Cienega and Lago de Vida), and 3) a fisheries

benefit at Tempe Town Lake = $3,000,000, and 4) a recreation benefit at Tempe Town Lake =

$18,600,000. An examination of recreation-related costs versus recreation-related benefits

indicates a benefit/cost ratio of 6.9.
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HABITAT RESTORATION
SITE ACRES BENEFITS | HABITAT | ANNUAL [ TOTAL
UNIT COST | COST FIRST
COST
TEMPE CIENEGA | 4 Mesquite | 23 Habitat $28,600 $657,800 | $8,069,900
22 Wetlands Units
15 Riparian Water
Quality
Improvement
PHOENIX LAGO 120 83 Habitat $20,600 $1,706,000 | $20,929,700
DE VIDA Wetlands Units
12 Riparian Water
Quality
Improvement
TOTAL 173 106 Habitat $22,300 $2,363,800 | $28,999,600
Units
Water
Quality
Improvement
RECREATION COMPONENT
SITE ANNUAL BENEFITS ANNUAL | TOTAL FIRST COST
COST
PHOENIX LAGO $21,600,000 $2,619,200 $32,132,900
DE VIDA
TEMPE TOWN $21,600,000 $3,687,400 $45,237,200
LAKE
RECREATION $43,200,000 $6,306,600 $77,370,100
SUBTOTAL
MONETARY
BENEFITS/COSTS
TOTAL $43,200,000 $8,670,400 $106,369,700
MONETARY
BENEFITS/COSTS
186
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VII CONCLUSIONS

The Rio Salado, Salt River, Arizona RéC‘(')nnaiSSance Study addressed several water resource
problems including riparian habitat restoration, flood control, recreation, and water quality.
Results of this study indicate there currently is no economically justified Federal interest in flood
control within the Rio Salado study area. This is due in large part to recent channel
improvements of the Salt River by Maricopa County through much of the urban area and on-
going modifications to Roosevelt Dam which will provide additional flood storage capacity on
the Salt River. While flood damages do occur along the Salt River, the benefits are substantially

lower than the costs of protection.

A Federal interest has been identified for environmental restoration involving riparian habitat
restoration, water quality improvement, and incidental recreation (i.e., recreation projects that are
complimentary to a Corps primary project purpose). The Salt River and Indian Bend Wash are
two water courses whose environmental settings have been substantially altered by Federal
projects. With the advent of Federal dams constructed on the upper Salt River, the riparian
ecosystem of the once perennial Salt River has been reduced to that of a dry riverbed, devoid of
the highly valued mesquite bosques that once occupied the floodplain and provided richly diverse
riparian habitat within the Sonoran desert ecosystem. Currently, the lower Salt River is
characterized as an effluent-dominated watercourse, where existing riparian habitat occurs only
at those locations where wastewater effluent and seasonal agricultural tailwaters are discharged
into the river. Significant environmental impacts -have also taken place at Indian Bend Wash
where the last remnant of a large mesquite bosque community in the region has been displaced
by a Corps of Engineers flood control project along the wash at its confluence with the Salt
River. The problems of environmental quality are further compounded by water quality
contamination stemming from high technology-industrial wastes, landfill leachate, agricultural

practices, and storm drain runoff draining the Phoenix metropolitan area.

As a component of environmental quality, outdoor recreation, as currently available along the Salt
River through Tempe and Phoenix, is significantly deficient in meeting the recreation demand of

over 2 million people in the greater Phoenix area. In accordance with Corps policy, Federal

187




participation is limited to recreation projects that are "incidental" to Corps primary project
purposes, which in this case is fish and wildlife habitat restoration, and where the costs of such

a recreation project amounts to no more than 10 percent of total project cost.

A reconnaissance level investigation of the environmental problems and water resource
opportunities has led to the formulation and evaluation of two alternatives. Alternative A
provides for environmental restoration including riparian habitat restoration, water quality
improvement, and incidental recreation. This alternative includes two components, i.e., Tempe
Cienega and Phoenix Lago de Vida. Over 300 acres of wetlands, mesquite, willow, and
cottonwood habitats would be restored. The net effect is a 132 percent increase in habitat units.
Because water is the limiting factor for riparian habitat restoration in this arid environment,
opportunities for providing a continuous water source were uniquely combined with measures to
solve water quality problems. The result is a net gain in environmental quality. Surface water
quality in the Salt River would be improved by collecting storm drain runoff in abandoned sand
and gravel pits rather than continuing to discharge these flows into the river. These pits would
then serve as water supply basins for the wetlands which simultaneously provide treatment of the
runoff. Water supplies to the wetlands would be supplemented by contaminated groundwater
which, when brought to the surface, would be treated using conventional methods such as
airstripping. The wetlands themselves provides further treatment of the water as nitrates, a major
water quality problem in the area, are removed. Alternative A also provides incidental recreation
to help satisfy a portion of the unmet recreation demand. Consistent with Corps policy, the
extent of recreation development has been limited to that which costs no more than ten percent
of total project cost. An estimated 1,400,000 annual recreational user days are provided. Total
first costs for this alternative have been estimated at $35,143,800. Based solely upon recreation-

related benefits and costs, a benefit/cost ratio of 16.5 has been determined.

Alternative B represents a comprehensive water resources development alternative wherein
environmental restoration and water-based recreation opportunities are combined. The recreation
component is designed to offset the enormous unmet demand for water-based recreation.

Recreation costs in this alternative are not limited to a percentage of total project cost. The
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environmental features presented in Alternative A, including riparian habitat restoration and
improved water quality, are incorporated into the development of urban lake recreation areas in
the Cities of Tempe and Phoenix. Both lakes would be constructed within the Salt River channel,
adjacent to the Tempe Cienega and Phoenix Lago de Vida riparian habitat restoration sites. An
estimated 5,000,000 annual recreational user days are provided. In contrast to Alternative A,
riparian habitat restoration benefits of Alternative B are slightly lower as half of the wetlands
acres (120 acres) at Phoenix Lago de Vida would be replaced by an urban recreation lake. A
total of 180 acres of riparian habitat would be restored in this alternative, affecting an increase
of 76 percent in habitat units. As presented in Alternative A, the opportunities for combining a
continuous water source with measures to improve water quality are similarly included in
Alternative B. Total first costs for this alternative have been estimated at $106,369,700. Based

solely upon recreation-related benefits and costs, a benefit/cost ratio of 6.9 has been determined.

In summary, two reconnaissance level alternatives have been identified as having a Federal
interest. While both alternatives provide environmental restoration benefits, Alternative A
provides only incidental recreation consistent with Corps policy. In contrast, Alternative B
establishes water-based recreation as a primary project purpose equal to that of riparian habitat
restoration. Federal participation in the construction of projects in both alternatives is possible
if, according to Corps policy, the local sponsors decide to fully fund that portion of recreation

costs which exceed the ten percent rule. Federal participation would then proceed as appropriate.
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VIII RECOMMENDATIONS

As a result of the reconnaissance level investigations into environmental restoration with
incidental recreation there appears to be a very strong Federal interest in pursuing more detailed
studies. It is in the best interest of the Federal government, and I recommend, that a cost-shared
environmental restoration feasibility study be initiated for the Salt River at Rio Salado, Tempe

and Phoenix, Arizona.

I recommend that no Federal action be taken at this time towards a cost shared feasibility study

for flood control along the Salt River in the area of Rio Salado, Tempe and Phoenix, Arizona.

Although addressed in this reconnaissance study, the synergy among riparian habitat restoration
measures, water treatment techniques, and recreation activities along the Salt River would be
more fully explored during the feasibility study. A more detailed study of the overlapping water
resource opportunities could lead to a more complete understanding of the net environmental

gains of an integrated resources approach to water resources development.

D

ichal B/ Robinson

Colonel, Corps of Engineers

District Engineer
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1.0 BACKGROUND

1.1 Authority
This study has been conducted under the authority of Public Law 761, Seventy-fifth Congress,
June 28, 1938, which reads, in part, as follows:

SEC. 6. 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 water-flow

retardation and soil-erosion prevention on the watersheds of such localities:

Gila River and tributaries, Arizona and New Mexico.

1.2 Purpose
The purpose of this Environmental Evaluation is to provide supplemental habitat analysis and
recreation opportunity information for the Rio Salado Reconnaissance Study being conducted by
the U. S. Army Corps of Engineers, Los Angeles District, South Pacific Division.

1.3 Study Area Description
The study area consists of approximately twenty-eight (28) miles of the Salt River from the
eastern municipal boundary of Tempe at McClintock Road, through Phoenix, to the confluence

of Gila and Agua Fria Rivers in Maricopa County, Arizona.

1.4 Scope of Environmental Evaluation
This Environmental Evaluation presents a brief synthesis of:
- existing conditions information based on an informal literature search, discussions
with recreational and environmental resource specialists, and cursory field
investigation;

- active and passive location of landfill sites;




- potential mitigation of upper aquifer contamination;
- plausible preservation and/or reconstruction of ecological habitats; and
- examining the realm of potential opportunities for water resource recreation based

on demand and economic feasibility.




2.0 EXISTING ENVIRONMENT WITHOUT PROJECT BY RESOURCE

2.1 Physical Setting
Dam construction throughout the Salt River’s upper watershed in the early 1900’s changed the
original character of the river and by the 1940’s the river ceased to flow. This stretch of river
in the urbanized areas of Tempe and Phoenix is essentially an expansive dry river bed dominated

by large expanses of cobble and rubble.

Recent channelization projects by the Arizona Department of Transportation (ADOT) and the new
Priest Drive bridge constructed by Maricopa County have physically altered the natural character

of the western portion of the river.

Based on the "Geomorphic "Naturalness" Classification for River Channels" by Dr. William L.
Graf, the portions of the river through Tempe are classified "7" - Completely Artificial. In
Phoenix between 24th and 15th the classification changes to "6" - Essentially Artificial. As the
river moves away from Phoenix and into the Gila Indian Reservation, the classifications move
to "5" - Mostly Modified and "4" - Substantially Modified. At the confluence of the Gila River
it becomes "3" - Partly Modified.

#7 Completely Artificial: 100% engineered and/or built channel with altered processes and

sediment

#6 Essentially Artificial: 90% - 100% altered channel patterns and cross-sectional shapes
or sediment characteristics as a result of human activities; largely artificial channel due to
engineered bed and/or banks including dredging but with a few natural forms or processes

remaining

#5 Mostly Modified: 50% - 90% altered channel patterns and cross-sectional shapes or
sediment characteristics as a result of human activities; major modifications to channel
forms and processes with most of the channel area disturbed by mining, development of

structures




#4 Substantially Modified: 10% - 50% altered channel patterns and cross-sectional shapes

or sediment characteristics as a result of human activities

#3 Partly Modified: 10% altered channel patterns and cross-sectional shapes or sediment
characteristics as a result of human activities; obvious modifications by flow regulation of

altered sediment supply resulting in channel metamorphosis, scattered structures

2.2 Air Quality
The Phoenix area has been classified as Non-Attainment Area for PM,, by the Environmental
Protection Agency which has determined that airborne dust is the dominant particulate pollutant

in the Phoenix air.

Air quality is normally considered to relate only to items such as airborne particulates and
exhaust emissions as a result of vehicular traffic. Odors, however can influence personal
perceptions of the air quality, and the odors from the sludge beds of the sewage treatment plants

located at 27th and 91st Avenues can be considered very offensive.

2.3 Water Quality
Water, from upstream dams, is the common thread between the presence and sustainability of
riparian habitats and recreation pursuits. In the Southwest, the quantity and quality of water in
time and space vary markedly. Channels can change from dry, intermittent conditions to those

of violent floods in minutes.

Further discussion of water quality is found in the main body of the Reconnaissance Study and
in Appendix D of this report.




2.4 Biological Resources
Team members from ACOE, Maricopa County Flood Control District, U. S. Fish and Wildlife
Service, Arizona Department of Environmental Quality, and Arizona Game & Fish field analyzed
and mapped existing riparian habitats downstream of 48th Avenue as part of this Environmental
Evaluation. Site visits also served to identify areas for potential growth based on areas of

standing water.

2.4.1 Vegetation
Vegetation within the floodplain is subject to many disturbances, primarily flood events. Any
mapping of vegetation therefore is limited by the fact that it simply represents a "point in time"
condition. The four major habitat types within the study area include: fresh water marsh,

cottonwood/willow riparian forest, mesquite habitat, and tamarisk. Desert scrub is also present.

Fresh water marsh. This habitat type consists primarily of cattails, bulrushes, and occasionally
water cress. This community is located at the lowest elevations of the river along the watercourse
or in areas of shallow ponded water or heavily saturated soils. This vegetation association is rare

due to the lack of continuous standing water in this desert environment.

Cottonwood/willow riparian forest. This habitat is dominated by a combination of cottonwood
and willow trees. This plant community is found along the active streambed of the river or on
the first terrace above the river. These riparian trees are utilizing groundwater, storm water
runoff, and seasonal low-flow releases for sustenance. U. S. Fish and Wildlife Service and the

Arizona Game and Fish Department have identified twenty-three (23) acres of cottonwood/honey

mesquite habitat and 113 acres of desert scrub in stratified clusters along the edge of the channel -

from McClintock Road to the Southern Pacific railroad bridge. Significant segments of riparian
habitat are located downstream of the 91st Street Wastewater Treatment Plant. This habitat is

sustained by effluent released from the plant.

As recently as April 1994, 800 volunteers replanted 2000 trees and shrubs as part of Project
Habitat in a twenty (20) acre managed wetland/riparian area near 52nd Street. ADOT has
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replaced thirteen (13) acres of habitat in the channel effected by construction of the Hohokam

Expressway.

Mesquite habitat type. This habitat type is dominated by honey mesquite and is normally found
on the upper terraces of the floodplain above the active river channel. The presence of mesquite
within the project area is minimal; tamarisk dominates the higher terraces where mesquite would

be located.

Tamarisk. Tamarisk is located on all floodplain elevations throughout the study area. Dense
monotypic stands of tamarisk are found primarily on the upper terraces of the river. Tamarisk

is also interspersed with stands of native vegetation at all elevations of the floodplain.

Desert Scrub. Desert scrub plants, xerophytic in character, occur in irregular, random locations
within the river bed where storm water collects. Sampling of flora include: desert broom,
creosote bush, desert salt bush, quail bush, arrowweed, brome grass, brittle bush, burrobrush, and
thistle. Salt cedar, an exotic plant with little habitat value, occurs as the dominant plant in the

river bottom in the Tempe section.

2.4.2 Wildlife
Existing habitat within the river channel is part of a continuous wildlife corridor providing shade;

protection from predators; and foraging, nesting, and/or breeding habitat for migratory birds.

There are no known fish species that inhabit the area. During flow periods, a wide variety of
aquatic organisms exist in the channel. Since flows are often brief and drought conditions usually
exist, relatively few organisms are capable of surviving long periods of dry channel. Based on
studies of other ephemeral streams, some of the organisms might include flatworms, nematodes,
isopods, crayfish, eliminthid beetles, and small crustaceans in addition to blue-green and green

algae.



A partial list of wildlife include roadrunners, heron, doves, hawks, quail, sparrows,
hummingbirds, mockingbirds, starlings, finches, killdeers, rabbits, snakes, toads, lizards, and
turtles. Migratory birds that may frequent the river include ducks, kestrels, thrashers, and

swallows.

2.4.3 Threatened and Endangered Species
The U.S. Fish and Wildlife Service provided a list of federally endangered, threatened, proposed

and candidate species which may occur in the study area (Section 10).

Based on recent studies by ADOT for State Route 153, there are no known identified endangered
or threatened wildlife species in the Tempe region of the Rio Salado. U. S. Fish and Wildlife
Service, also, have not identified endangered species or their critical habitat within the

Tempe/Phoenix area.

According to the Arizona Game & Fish Department, "two federally listed species are the Yuma
clapper rail (Rallus longirostris yumanensis), (federally listed endangered, state threatened) and
the bald eagle (Haliaeetus leucocephalus),(federal and state listed endangered). Clapper rail is

likely at the edge of its distribution, but is known from both above and below the project area.”

In relation to the project area, the principle population of the Yuma clapper rail is found in the
Arlington Valley, on the Arlington Wildlife Management Area just above Gillespie Dam. This
is located some distance downstream of the project area. Yuma clapper rail could be located

within the project area in areas of cattail marsh over approximately one acre in size.

The bald eagle is seen most often along oceans or near rivers and lakes. These birds feed
primarily on fish and nest in tall trees or on cliffs. Due to the lack of significant standing water

and thus fish along the Salt River, the eagle would be an uncommon visitor within the project

arca.




2.5 Aesthetics
Visual impact and view potential were considered in this portion of the evaluation. In several
areas, views from the channel include, dwelling units, light industrial buildings, gravel mining

operations, and scattered wetland riparian habitat.

The Papago Buttes to the north and Tempe Butte to the south are visible landmarks in the eastern

portion of the project area.

Sporadic or seasonal emergence of various ephemeral aquatic ecosystems and the multiple sand
and gravel mining operations provide an insignificant but mentionable aesthetic value within a

dry river wash.

2.6 Cultural Resources

The entire project area (area of potential effects, [APE]) as proposed has not been studied to
determine the presence or absence of cultural resources. A records and literature search has been
initiated at the regional archaeological clearing house (State Historic Preservation Office,
Phoenix) to inventory all previous studies involving the project area of potential effects (APE).
The State Historic Preservation Office and the Office of Cultural Resource Management,
Department of Anthropology, Arizona State University, have developed inventories of recorded
archaeological sites and previously conducted archaeological surveys. Undeveloped areas along
the Rio Salado contain numerous archaeological sites, and in many cases have been ranked as
high sensitivity districts. There are several developed areas along the Rio Salado which have
been ranked moderately sensitive, since they contain extensive evidence of past Hohokam
habitation sites and irrigation systems. Although in many cases no surface evidence remains, sub-
surface materials are a real possibility. The potential for the presence of additional archaeological
sites within the APE is high. The potential for the presence of historic sites within the APE is
also high.



2.7 Hazardous, Toxic and Radioactive Waste .
Soils within the river bed are very gravelly sands to the very fine sandy loam of alluvial deposits.
The soils within the river are potentially subject to contamination from several sources: (1) toxic
materials in discharge from storm water collector systems carrying metals, (2)grease, and (3) oils
of minimal toxicity from overland flows transmitting sediment and fertilizers. However, as of
1989, municipal testing at storm water discharge points has not indicated contaminants in
sufficient quantities to discount use of soils from the river channel for certain types of projects.
There are no known sources of persistent pesticides and only two minor petroleum spills have

been recorded within the western end of the Tempe reach.

Two (2) sewage treatment plants are found within this section of the Salt River - at 27th and 91st

Avenues.

Twenty four (24) official landfill sites occur along Salt River’s edge - five (5) are active. These
landfills present numerous constraints for development. Leachate was produced at the two (2)
Estes sites (near 40th Street) from 1978 to 1981. This was caused when the water table rose as
a result of recharging from the 1978 flood. The water mixed with the landfill matter to produce
leachate which migrated through the aquifer and contaminated local ground water and wells.
Testing revealed excess of common cations and anions. The most dangerous substance was a
potential carcinogen, vinyl chloride. The ground water is unsuitable for domestic use without

prior treatment. Other landfill sites have not been tested but are presumed to be contaminated.

Department of Health is concerned with the build-up of explosive gases - primarily methane.
These gases are created within the landfill matter as a by-product of the decomposition process
of solid waste. Unfortunately, methane gas has been known to migrate and can become trapped
under structures. City of Phoenix has/will be installing gas monitoring and migration control

systems.

No radioactive waste disposal sites are located within the project area.




2.8 Land Use
Within the 200 year floodplain, the river’s periphery of the fourteen (14) mile reach from the
Mesa/Tempe boundary to 40th Avenue in Phoenix is now highly urbanized. The next eight (8)
miles consists of agricultural and residential areas, interspersed with occasional light industrial

development. The remaining six (6) miles is largely undeveloped.

The uses of the bed and banks are varied. Sand and gravel mines are found in extensive
operation. Other uses include active and passive landfills, sewage treatment plants, silt extraction

operations, "free" dumping grounds, and various recreation amenities and facilities.

2.9 Noise
Due to intense urbanization along certain aspects of this 28-mile stretch of the Salt River, noises
today are generated from commercial and military aircraft, trains, cars, buses, trucks, motorcycles,
construction, and urbanized air conditioning units. In most cases, these types and levels of noises

are considered acceptable as indigenous noise associated with urban life.

Given particular NEF (noise exposure forecast) and Ldn (24-hour sound levels weighted for
night-time annoyance) levels, several areas within the project area are currently severely
impacted. This means that several areas are already experiencing unduly high noise levels and

some types of recreation activities would be somewhat incompatible.
Noise levels are highest in the central portion of the Phoenix stretch of the Salt River between
44th and 24th Streets due to the proximity of Sky Harbor Airport which is located on the north

bank of the river.

In the western section of the river, high localized levels of noise are generated seasonally when

the International Raceway is operating.
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2.10 Recreation
Recreation is hereby defined as the purstit of amicably and environmentally appropriate leisure
time activities for physical, mental, social, and spiritual fulfillment and/or rejuvenation. For this
phase of this study, recreation opportunities were based on probable activities, broken down into

the following six (6) overall categories:

WATERCRAFT RELATED (revenue potential opportunities)
WATER-BASED SUPPORT ENDEAVOR (revenue potential)
NON-SUPPORT PASSIVE LINEAR (non-revenue potential)
DEFINED OPEN SPACE (revenue and non-revenue potential)

INTERPRETIVE/ENVIRONMENTAL EDUCATION, NON-STRUCTURED (non-
revenue potential)

INTERPRETIVE/ENVIRONMENTAL EDUCATION, STRUCTURED (revenue potential)

The individual recreation opportunities that are included in each of the overall categories are
listed in Table 2.10.1

Existing recreation within and adjacent to the Salt River channel, identified and evaluated during
the study, included those desirable recreation activities that are sponsored by local municipalities,

private developers, and Arizona State University.

Tempe Beach Park, just west of Mill Avenue and south of Rio Salado Parkway, constitutes a
unique interface between the urban downtown core and the channel. Moeur Park is located
immediately east at the intersection of Mill Avenue and Curry Road. The river edge east of Mill
Avenue on the north bank is dominated by Tempe’s 480 acre Papago Park.

The 9-hole Rio Salado Golf Course is located in the Indian Bend Wash just south of McKellips

Road and includes a low-flow channel capable of conveying approximately 30,000 cubic feet per

second of water.
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Arizona State University, in Tempe, has several existing and planned recreation opportunities.
Current facilities include football and baseball stadiums, tennis courts, track facility, and the 18-

hole Karsten golf course.
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Table 2.10.1

Proposed Recreation Classifications

WATERCRAFT RELATED (revenue potential opportunities)

bumper boats motor boats sailing
canoeing paddle boats tubing
hobby boats parasailing water skiing
jet ski rafting windsurfing
kayak

WATER-BASED SUPPORT ENDEAVOR (revenue potential opportunities)

amphitheater miniature golf
commercial eating areas recreation-oriented retail
conference center recreation vehicle camping

family entertainment center swimming, open/beach oriented

fishing, casting swimming, pool
fishing, natural water park
fishing, urban water slides

golf practice range

NON-SUPPORT PASSIVE LINEAR (non-revenue potential)
bicycle . hiking sitting areas
equestrian roller blading strolling

fitness trail

DEFINED OPEN SPACE (revenue and non-revenue potential)

backpacking hunting softball
basketball photography volleyball
botanical garden picnic, group youth day camp
camping picnic, individual youth sports
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golf course sculpture gardens tennis courts

hobby planes soccer, outdoor hockey, roller

INTERPRETIVE/ENVIRONMENTAL EDUCATION, NON-STRUCTURED
(non-revenue potential)

archaeology

bird watching/counting

historical sites

INTERPRETIVE/ENVIRONMENTAL EDUCATION, STRUCTURED
(revenue potential)
aquarium environmental education center

scenic/viewshed areas Z00

Phoenix, to date, has insignificant organized or planned recreation activities or pursuits located

within or adjacent to the Salt River.

Other unorganized activities include, but are not limited to, jogging, equestrian use, off-road
bicycling, bird watching/counting, fishing, hiking, photography, picnicking, and bathing. Types
of undesirable activities would include shooting, off-road vehicle use, and illegal or socially,

inappropriate behavioral endeavors.

2.11 Transportation

This urbanized area, not unlike others, has a heavy reliance on the automobile.

The vehicular traffic/transportation pattern, in the north-south directions are handled by a number
of dry, all-weather bridge crossings on several major arterial streets and several low flow channel
crossings. The Red Mountain Freeway, one of the primary corridors for the Phoenix metropolitan

area, will provide a ten (10) lane transportation facility along the north bank running east and

14
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west. It connects Interstate 10 with the Outer Loop, Red Mountain, Pima, and Superstition

freeways to the west.

The Rio Salado Parkway parallels the south bank above the 100-year flood level. Since it

follows the contours near Mill Avenue, a portion of it is closed during major floods.

Phoenix Sky Harbor Airport which handles both commercial and Air National Guard aircraft is
located on the north bank of the Salt River between 24th and 44th Streets.
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3.0 ALTERNATIVE PLANS CONSIDERED

3.1 Alternative Plan A - Environmental Restoration
The environmental restoration alternative includes several environmental restoration features along
the Salt River including a constructed wetlands and mesquite bosque at Tempe Cienega, located
in the Salt River and Indian Bend Wash, a constructed wetlands, waterfowl/fisheries lake, upland
riparian vegetation along the streambank, and water quality improvement at a constructed 240

acre wetland between 19th Avenue and 24th Street in Phoenix.

Tempe Cienega restores scarce wetland, riparian and mesquite bosque vegetation, and consists

of three main components.

The first component, an inflatable dam to impound water in the Salt River approximately 350 feet
upstream of Indian Bend Wash. The inflatable rubber dam will impound all Salt River flows to
a maximum ponding depth of six feet, during non flood conditions. During flood flow periods
the dam will be deflated, and water will flow downstream uninterrupted by the impoundment

structure.

The second component will consist of a 5 foot deep, 20-acre pond immediately upstream of the
inflatable dam, 4 acres of hydrophytic vegetation at the upstream edge of the pond, and 15 acres
of predominately cottonwood/willow riparian vegetation along the low flow channel. In addition,
a 90-acre area will be allowed to naturally revegetate between the pond and a grade control,

structure downstream of the McClintock Bridge.

The third component consist of converting an 18-acre area in the low flow channel of Indian
Bend Wash near the confluence with the Salt River into a wetland and creating a 4-acre mesquite

bosque habitat on the terrace between Curry Street and the Salt River.

The Lago De Vida riparian restoration project covers an area approximately 1,200 feet wide and
stretches from 24th Street to 19th Avenue. The project consists of a 240-acre wetland which will

be constructed along the low flow channel.
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The low flow stream will meander down the low flow channel, and will be lined by hydrophytic
vegetation to serve as a wetland. The remainder of the low flow channel and the channel banks

will be vegetated with native riparian vegetation.
10 percent incidental recreation at Lago de Vida

3.2 Alternative Plan B - Comprehensive Water Resources Development.

(Multi-purpose environmental restoration and recreation)

Alternative Plan B is identical to Alternative Plan A, except that a 120-acre lake and a 120-acre
wetland will be developed in the Lago de Vida area instead of the 240-acre wetland. The

comprehensive alternative includes the development of Tempe Town Lake and Lago De Vida.

Tempe Town Lake project consists of a 200-acre recreational lake, in the Salt River channel,
which will stretch from Indian Bend Wash to just downstream of Mill Avenue. The lake will
have inflatable rubber dams at each end of the lake, and will be used primarily as a boating lake.
Full body contact will not be allowed in the lake due to safety and water quality concerns.
Fishing, sailing, paddle-boating, canoeing, hiking, bicycling, horseback riding, golf, soccer, and
softball are a few of the planned recreational activities. A complete description of the Tempe

Town Lake is given in the main body of the Reconnaissance Report.

The recreational components of the Lago De Vida project consists of the environmental
enhancement as stated above with the exceptions that there will be no in-channel wetlands, and
the lake will be used exclusively for recreational purposes. The three proposed lakes will stretch
the two miles between 16th Street and 7th Avenue will be approximately 500 feet wide with a
depth ‘of 10 feet, and will contain small islands for use by sports fishermen and waterfowl. The
stocking of fish will not be primarily the native fishes stated above, but will also include rainbow

trout and channel catfish for sportfishing. The total surface area of the lakes will be 120 acres.
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3.3 Alternative Plan C - No Action Plan
If no action or project is undertaken in this study area, the riparian and wetland habitats, already
impacted by lack of water throughout most of the year with sporadic uncontrolled floodflows
resulting from winter storms, will continue to degrade rapidly. The continued use of the river

channel for unauthorized purposes with no planned development will continue to destroy any

habitat that currently exists in the channel. Urban runoff will continue, but will not be sufficient -

to maintain the riparian areas except immediately adjacent to the outfalls, with an associated

decline in any recreation, aesthetic, educational, and historical-cultural values.

The Cities of Tempe and Phoenix will continue to develop their portions of the river, and will
coordinate with the Salt Gila River Watercourse Master Plan currently being developed by
Maricopa Association of Governments. Funding for these projects will have to be strictly local,

and will depend more heavily upon the local fiscal situation.
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4.0 ENVIRONMENTAL EFFECTS OF PLANNING ALTERNATIVES
4.1 Environmental Restoration
4.1.1 Physical Setting
The Papago and Tempe Buttes would continue to standout as visible landmarks. However, there
is the potential that they would be enhanced with the landscape and riparian habitat improvements
proposed. The physical setting along the river channel would take on a new configuration due
to the increase in the wetlands. This would be similar to the physical setting described for

Alternative Plan A, but without the urban lake.

4,1.2 Air Quality
The air quality may be balanced between the amount of development proposed and the amount

of riparian habitat/ vegetation proposed.

Due to the type of air pollutants identified, Phoenix Zoning Administration has placed emphasis
on enforcing regulations regarding developing the desert character of the Rio Salado.

4.1.3 Water Quality
New water bodies will have to be isolated from the contaminated groundwater and wells from
landfill sites. Water pumped from the vicinity of the landfills, which is desirable by Maricopa

County, will need to be carefully monitored and heavily diluted with unpolluted water.

Appropriate bank stabilization and armoring efforts at existing landfill sites would create a barrier
preventing leachate from entering the floodflows and infiltrating the aquifer. In other areas,
channel edge stabilization and bank protection by revegetation would reduce sediment transport

and minimize erosion reducing turbidity levels.

Contouring of the floodplain would create opportunities to direct and control flows to better

facilitate groundwater recharge.
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Although not potable for human consumption, secondary treated water from the 27th Avenue

sewage treatment plant could be reused for irrigation and habitat restoration areas.

Water quality impacts will be as stated for the previous alternative, except that the 120 acre open

water lake will not be constructed, but will be replaced by an additional 120 acres of wetlands.

4.1.4 Biological Resources

4.1.4.1  Vegetation
With the environmental restoration plan, freshwater marsh, mesquite bosque and
cottonwood/willow riparian habitat would be constructed along the Salt River. The proposal
entails creation of approximately 1138 acres of freshwater marsh, 120 acres of wetlands, 17 acres
of cottonwood/willow woodland, and 6 acres of mesquite bosque. A discussion of the value of
this habitat can be found in Section 9.0, the Habitat Analysis portion of this Appendix. Habitat

would be constructed primarily to benefit wildlife and improve water quality in the river.

Specific aspects to meeting state and federal regulations for restoring riparian habitat include:
analysis of existing soils, site location, implementation schedule, soil preparation, species
composition and density, planting methods, water availability, watering methods, plant survival
goals, guarantee period, control of undesirable plant species, pre- and post-project photo-

documentation, and annual and final reports.

The ecological benefits of trees and shrubs adjacent to an aquatic zone of riparian areas include:
- providing shade which modifies the intensity of the sun, heat and glare and prevents
water temperatures from rising to lethal levels for fishes,
- root systems which aid in the reduction of bank erosion and silt production,
- production of large woody organic debris piles which provide cover for fishes and
habitat for invertebrates,
- and decomposition of leaves provides nutrients and food for both terrestrial and

aquatic macro-invertebrates and, in turn, fishes.
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4142 Wildlife
Constructed wetland areas would provide a significant benefit to wildlife currently located within
the study area and promote use of the area by additional adjacent wildlife populations. Riparian
habitats are rare and declining within the southwestern United States; maintaining and expanding
riparian areas would constitute a significant benefit to populations of invertebrates, amphibians,
reptiles, birds and mammals. Expanded habitat along the river would aid the river’s function as
a linear movement corridor critical for local population dispersion as well as migratory species

such as neotropical birds, waterfowl, and certain bats (USFWS, September 1994).

Constructed wetland areas would provide a significant benefit to wildlife currently located within
the study area and promote use of the area by additional adjacent wildlife populations. This
alternative would not enhance the return of fish to the Phoenix area, as no urban lake will be

constructed.

4.1.4.3 Threatened and Endangered Species
The creation or re-creation of wildlife and aquatic habitats could increase the probability of
reintroduction of endangered or threatened species within the restored habitat sanctuaries and
refuges. Constructed wetland areas could serve as establishment sites for nesting and migrating
neotropical birds like the southwestern willow flycatcher (federally proposed endangered) and the
lowland leopard frog.

With the construction of freshwater marsh habitat and wetland areas significant habitat
opportunities for the Yuma clapper rail would exist. This bird could potentially expand into
restored areas. Benefits to this endangered bird species from increases in habitat areas would

occur.

Arizona Game and Fish feel that it would be unlikely that a eagle habitat could be created,
though they forage and nest in areas within thirty (30) miles of the City of Phoenix.

21




4.1.5 Aesthetics
Visual impact on the surrounding community and transportation corridors that cross the river
channel and view potential from the river would greatly improve with proposed riparian habitat
and wetlands. The created greenbelt would become an inviting feature for several walks of life

and leisure time pursuits.

4.1.6 Cultural Resources
Preliminary results of the record search indicate that the proposed project may have an effect on
af least one property listed in the National Register of Historic Places. The proposed project has
the potential of affecting additional National Register listed or eligible sites. Based on the results
of the records search, additional archaeological surveys will more than likely be required since
our preliminary investigations indicate that only a portion of the project APE has been surveyed.
All potential National Register eligible properties within the project APE have yet to be
identified. Until these studies are completed, the overall effect on National Register listed or

eligible properties is unknown.

4.1.7 Hazardous, Toxic and Radioactive Waste
City of Phoenix’s understanding of the ACOE proposed future project conditions include
construction projects to restore identified hazardous locations, to treat and reuse contaminated
non-point surface runoff, polluted groundwater, and waste water effluent based on:
- treatment of methods of contaminated ground and surface waters landfill bank
protection,
- in-channel landfill and dump site identification and removal, and

- mitigation of existing landfills.

4.1.8 Land Use
For this stage of reconnaissance study, proposed land uses were classified in relationship to the

following land use designation categories:
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- Environmental Sensitive Areas: pristine native areas set aside with no development
nor direct exposure from public use activities minimizing adverse impacts to
identified scientific, ecological, cultural, or aesthetic features.

- Existing Habitat Sites (Existing Habitat Conservation): existing habitat areas
allocated for mitigation or enhancement with limited or no development and
exposure for public use activities.

- Riparian Habitat Restoration: areas directly related to refurbishment or
reconstruction for contaminate treatment options with limited development and

exposure for public use activities.

4.1.9 Noise
Due to the nature of ecological habitat restoration for fish and wildlife and providing the type of
water resource based recreation opportunities as proposed, any proposed ACOE project
conditions that would be considered on or within the channel would not impact current noise

decibel ranges.

4.1.10 Recreation
Rivers, trails, and greenway corridors are traditionally recognized for their environmental
protection, recreation values, and aesthetic appearance. These corridors also have the potential
to create jobs, enhance property values, expand local businesses, attract new or relocating
businesses, increase local tax revenues, decrease local government expenditures, and promote a

local community.

River corridors provide a variety of amenities that people value - attractive views, open space
preservation, and convenient recreation opportunities. This can be reflected in increased real
estate property values and marketability for property located near the Rio Salado. Leisure and

recreation expenditures can account for a substantial part of people’s discretionary spending.
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Based on this alternative, the following matrix has been generated to show the projected number
of annual recreation user days for Lago de Vida according to the general recreation categories

identified in Section 2.10:

Recreation Future Without Service Level with Total With-Project
Category Project Level Lago de Vida Service Level
Watercraft Related -0- -0- -0-

Water-Based 2,000 -0- 2,000

Passive Linear 7,000 800,000 807,000

Defined Open Space 5,000 550,000 555,000
Interpretive/EnvEd 1,000 50,000 51,000

TOTAL 15,000 1,400,000 1,415,000

The natural human attraction to riparian areas in an arid climate places additional demand on
these resources. Many forms of recreation activity, such as picnicking, camping, hiking,
vehicular recreation, photography, and nature study, are highly dependent on or enhanced by the

presence of riparian and wetland areas.
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4.1.11 Transportation
Projected and current upgrading of the municipal road systems may maintain the numerous major

arterial and collector needs.

4.2 Comprehensive Water Resources Development
4.2.1 Physical Setting
The river channel itself would take on several new configurations. The Tempe Town Lake and
Phoenix’s Lago De Vida projects include year-round lakes with continually moving low flow
channels that enter and exit the lakes through restored riparian habitat environments. With the
potential of year-round water sources below these two major projects, there is potential that the

current barren, cobble become riparian habitat all year.
The physical setting along the river channel would take on a new configuration due to the
increase in the wetlands. This would be similar to the physical setting described for Alternative

Plan A, but without the urban lake.

4.2.2 Air Quality
The air quality may be balanced between the amount of development proposed and the amount

of riparian habitat/ vegetation proposed.

Due to the type of air pollutants identified, Phoenix Zoning Administration has placed emphasis

on enforcing regulations regarding developing the desert character of the Rio Salado.

The air quality may be balanced between the amount of development proposed and the amount

of riparian habitat/ vegetation proposed.

The air quality impacts would be as stated in Section 4.1.2.
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4.2.3 Water Quality
The Cities of Tempe’s and Phoenix’s understanding of the ACOE proposed future project
conditions include creating a channel configuration that would allow projected flood releases and

support habitat restoration, recreation, and integrate with adjacent urban development based on:

- construction of a low flow channel that would allow passage of a defined level of
nuisance water and high frequency storm waters in a configuration to maximize
opportunities for habitat restoration and development;

- creation of terraced areas above the low flow channel which would support habitat
areas;

- definition of levels of flood flows in the low flow channel and on each terraced

"zone";

- design of flow velocities on various terraces that can sustain the zone improvements

and activities to the greatest extent during flood events;

- creation of flood control facilities west of 35th Avenue that will maintain existing
natural channel configuration; and
- location of areas that can be integrated with water quality improvement projects such
as constructed wetlands and groundwater and surface water retention areas.
Water quality impacts will be as stated for the previous alternative, except that the 120 acre open

water lake will not be constructed, but will be replaced by an additional 120 acres of wetlands.

A =l By an an
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4.2.4 Biological Resources

4.2.4.1  Vegetation
Creation of recreation lakes along the Salt River may adversely impact vegetation within the
channel depending upon the location of the lakes. Riparian and freshwater wetland habitat are
found within the channel as described in the existing conditions. Inundation of these areas with
a recreation lake would impact any vegetation found in the channel. Vegetative resources are
most significant downstream of the proposed lakes; the river channel in the lakes areas are fairly

devoid of vegetative resources.

With the Environmental Restoration Plan B, No Urban Lake, the impacts to vegetation would be
as stated for the previous alternative, except that an additional 120-acres of wetlands will be

created.

4242 Wildlife
Permanent aquatic features could provide the opportunity for introducing the kinds of fish suitable
to support recreational fishing or native species re-introduced on behalf of conservation. To
support urban fisheries, lakes would need to be a minimum of three surface acres with a

maximum depth that equals or exceeds ten feet.

Constructed wetland areas would provide a significant benefit to wildlife currently located within
the study area and promote use of the area by additional adjacent wildlife populations. This
alternative would not enhance the return of fish to the Phoenix area, as no urban lake will be

constructed.

4243 Threatened and Endangered Species
Recreation lakes are not expected to adversely or positively affect federally listed species. The

lakes would support primarily recreational fishing species rather than sensitive native species.

The creation or re-creation of wildlife habitats could increase the probability of reintroduction of

endangered or threatened species within the restored habitat sanctuaries and refuges.
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4.2.5 Aesthetics
Visual impact on the surrounding community and transportation corridors that cross the river
channel and view potential from the river would greatly improve with the development of the

proposed Tempe Town Lake.

Visual impact on the surrounding community and transportation corridors that cross the river
channel and view potential from the river would greatly improve with the development of the

proposed Lago de Vida project by Phoenix.

Visual impact on the surrounding community and transportation corridors that cross the river
channel and view potential from the river would greatly improve with proposed riparian habitat
and increased wetlands. The created greenbelt would become an inviting feature for several

walks of life and leisure time pursuits as was stated for the previous alternative.

4.2.6 Cultural Resources
The impacts to cultural resources as a result of this alternative plan are as stated for the

environmental restoration alternative plan.

The impacts associated with this alternative are as stated below. Preliminary results of the record
search indicate that the proposed project may have an effect on at least one property listed in the
National Register of Historic Places. The proposed project has the potential of affecting
additional National Register listed or eligible sites. Based on the results of the records search,
additional archaeological surveys will more than likely be required since our preliminary
investigations indicate that only a portion of the project APE has been surveyed. All potential
National Register eligible properties within the project APE have yet to be identified. Until these
studies are completed, the overall effect on National Register listed or eligible properties is
unknown.
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4.2.7 Hazardous, Toxic and Radioactive Waste

The treatment of HTRW will be as stated for the environmental restoration alternative plan.

The impacts to HTRW sites is as addressed in the previous alternative.

4.2.8 Land Use
For this stage of reconnaissance study, proposed land uses were classified in relationship to the

following land use designation categories:

- Low Intensity Recreation: open space with minimum development for passive-type
recreation opportunities.

- Medium Intensity Recreation: open space developed for semi-active type recreation
opportunities.

- High Intensity Recreation: developed areas with structural and/or architectural
support facilities for active type recreation opportunities.

- Operations: land set aside for maintenance, flood control, or other operational

facilities.

The existing vacant land between the northside of the channel and the industrial/commercial
developments on the west and east sides of Rural Road have been designated as mixed use

commercial in the Tempe 2000 General Plan.

The Phoenix Empowerment Zone has the potential to become a center of economic opportunity,
environmental beauty, recreational amenities, arts, and entertainment. The areas of economic
opportunity identified include a linear urban river park to replace the existing expansive,
channelized dry river bed. The existing recontoured channel provides a natural link to the area’s
future economy and quality of life through a truly visionary project. Envisioning the Rio Salado

as the site of a world-renowned desert river recreational amenity would:

- provide appealing open and green space,
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- enhance the hospitality and tourism-oriented nucleus,
- create a large recreational amenity,

- provide opportunities for growth development,

- allow for much-needed flood control,

- generate tax revenues from a variety of sources, and

- dynamically enhance the quality of life for residents.

Features of the Salt River Pima-Maricopa Indian Community General Development Plan includes
encouraging commercial and recreation development at the eastern boundary with the Rio Salado
District and the western tip of the Indian community at Hayden Road. The policy currently
indicates that sand and gravel mining as well as other industrial uses will continue to be the
predominant landscape feature near the river. These economic activities are a vital resource to

the overall health of this community.

Although precise plans for the Gila River Indian Community have not been identified, it appears

that little change is expected in current land uses.
Land Uses are as addressed in the previous alternative.

4.2.9 Noise
Due to the nature of recreation activities and methods for providing the type of water resource
based recreation opportunities as proposed, there will be a temporary impact to current noise
decibel ranges during the construction phase of the project. Once construction is completed, there

will be no noticeable increase in noise levels over current levels.
Due to the nature of ecological habitat restoration for wildlife and providing the water as

proposed, any proposed ACOE project conditions that would be considered on or within the

channel would not impact current noise decibel ranges.
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4.2.10 Recreation
The Arizona Statewide Comprehensive Outdoor Recreation Plan (SCORP) has summarized

demand for recreation activities based on percentages of survey responses for those visiting

particularly categorized areas and those preferring to visit those types of areas:

Recreation Areas % Visited % Preferred
Community Parks/Rec Areas 81.1 15.5

State, county, national parks 74.4 32.1
Backcountry areas 49.8 16.4
Water-based recreation areas 64.8 18.8
Historical & cultural sites 56.4 6.9
Commercial outdoor recreation 39.1 7.4

Many outdoor recreation activities can be observed along a river corridor. According to

"Lifestyle Market Analysts", a survey of households in 212 metropolitan areas revealed the

following overall participation rates:

40.4% walk for heaith,

32.8% pursue physical exercise
14.9% bicycle,

13.75% boat or sail, and

- e

12.4% run or jog.

Trends associated with uses of channel corridors provides evidence where spending associated
with activities has been quantified. These recreation pursuits include:

wildlife-related recreation,

river boating,
trail-related recreation, and

traditional park (open space) endeavors.
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SCORP has identified the following index of preference averages

for overall demand for outdoor activities;

Attending/Visiting Historical Place 3.56
Attending/Visiting Open Space Activities 3.33
Attending/Visiting Archaeology Sites 3.29
Camping 3.07
Participating in On-foot Activities 2.79
Non-motorized Riding 2.65
Water-oriented 2.59

swimming, pools water skiing/jetskiing
swimming, lakes motor boating

rafting/kayaking sailing/windsurfing

canoeing tubing
Fish/Hunting 2.50
Winter Activities 2.45
Nature Study/Birdwatching 2.42
Sports Activities 2.39
Off-highway Driving 2.06

Although recreation resources appear to be adequate, demand is rising. Based on an assessment
workshop for SCORP, recreation needs for a metropolitan area were ranked in importance as
follows: picnicking, tennis, baseball/ softball, bicycling, handball/squash/racquetball, water skiing,
rafting/tubing, open water swimming, non-powered boating, pool swimming,

volleyball/basketball/badminton, hiking/backpacking, horseback trails, trailbiking.

Arizonans believe in the importance of protecting the state’s outdoor recreation resources.
According to SCORP, ninety-four percent (94%) have said that parks and recreation areas are

important to their everyday lifestyles. There is strong support for protecting natural and cultural
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resources and for environmental education. Arizonans care deeply about the state’s air, water, and
riparian areas. Seventy-five percent (75%) favor preserving rivers and stream-side habitats, even

if it means limiting some uses of privately owned lands.

SCORP also indicates that personal watercraft use is rapidly increasing, most boating occurs on
weekends and holidays, and water resource managers emphasized the importance of developing
safety and basic support facilities. Among wildlife associated activities, anglers ranked second
with 480,000 participants in 1991 resulting in 5,922,000 visitor user days and $156,874,000 in

expenditures.

Ranking of overall demand for outdoor activities (applicable to water resource) in the recent

SCORP included: visiting outstanding scenic areas, visiting historical place, visiting botanical

garden, picnicking, walking, visiting archaeological site, attending outdoor performance, fishing

in natural setting, day trail hiking, open water swimming, attending outdoor sports event,
bicycling, playground, motor boating, horseback riding, tubing, softball/baseball, rafting and
kayaking, canoeing, mountain biking, nature study/bird watching, water-skiing/jet skiing, fishing

in urban setting, sailing/windsurfing, and jogging/running, golfing.

Ranking of the latent or unmet need for outdoor recreation activities (applicable to water
resource) in the recent SCORP included: fishing in natural setting, picnicking, visiting historic
place, visiting outstanding scenic areas, walking, visiting botanical garden, trail hiking, visiting
archaeological site, horseback riding, golfing, bicycling, playground, attending outdoor
performance, motor boating, open water swimming, water-skiing/jet skiing, softball/ baseball,
mountain biking, nature study/birdwatching, jogging/running, tubing, rafting or kayaking, fishing

in urban setting, canoeing, sailing/windsurfing.
According to SCORP, favorite activities (applicable to water resource) ranked by the youth

population included: basketball, public swimming, hanging out, baseball, horseback riding,

football/soccer, motorcycle riding, roller skating, and fishing in a natural setting. Interestingly,
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the latent demand activities (applicable to water resource) ranked included: horseback riding,

water-skiing/jet skiing, and public swimming.

Multi-purpose recreation trail systems are gaining in popularity. River channels, in particular,

become a significant recreation, education, social, and travel route resource to be preserved,

enhanced, maintained, and protected. The environmental benefit is the contribution to a healthful,

non-motorized transportation option. Well developed trails provide a visually satisfying

experience and generally accommodate a wide variety of trail users.

The Rio Salado District is ideally located to address several of the identified recreation needs

from both the State and County assessments with particular attention on:

lakes for fishing, swimming, and non-powered boating;
local wilderness and camping areas;

scenic drives and walking trails;

horseback riding trails;

public golf courses;

court games;

roller skating (go-karting and skateboarding); and

open space for field games.

Recreation needs for Maricopa County, as identified in 1981, include:

additional public parks which provide large undeveloped open areas and small
pockets of development for structured recreation activities and support facilities;
centrally located recreation areas with indoor and outdoor recreation facilities for all
ages;

an open-air or domed multiple-use sports complex for track and field, football,
soccer, and other organized sports; fields for organized or unorganized sports;
additional public land for future recreation development and open space

requirements; and
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- complex of lighted game courts to accommodate a variety of hard surface games;

turf or sand areas like volleyball.

Tempe Beach Park projected development will increase public usage with cultural, performing,
and visual arts. Other forms of active and passive recreation are being planned and implemented
by the City of Tempe’s Rio Salado Development Plan for the channel itself. Examples include:
active water resource recreation such as sailing, paddle boats, cable-powered skiing, swimming,
hiking, bicycling, jogging, horse-back riding, fishing, and picnicking. Future development of
Papago Park will accommodate the Arizona Historical Society and Water/Energy Conservation

Center and the Hohokam Indian Archaeological/Cultural Center.

Tempe’s Rio Salado Development Plan, is a moderate water development encompassing 200 acres
and covering approximately four and one-half miles on the south bank. It is estimated that the
development plan will attract three to five million visitors per year with an annual recreation

benefit of $11,000,000.

The 15-year eventual build-out includes multi-use lakes, ponds, aﬁd interconnecting streams for
sailing, paddle boating, and canoeing; multi-field sports complex; ice arena; amusement park;
beach and boardwalk; 18-hole lighted golf course; miniature golf; family entertainment center and
"midway"; hotel; restaurants; retail area; 10,000 capacity amphitheater; residential units; health

club; and conference center.

If Tempe Lake was the only project developed, the following matrix of projected number of

annual user days has been generated:
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Recreation Future Without Service Level with Total With-Project
Category Project Level Tempe Rio Salado Service Level
Watercraft Related -0- 1,800,000 1,800,000
Water-Based 2,000 1,800,000 1,802,000

Passive Linear 7,000 800,000 807,000

Defined Open Space 5,000 550,000 555,000
Interpretive/EnvEd 1,000 50,000 51,000

TOTAL 15,000 5,000,000 5,015,000

City of Phoenix is looking to the private sector to provide more than 700 acres of recreational
development including a 10-field softball complex, ice arena, 162-acre water/two mile water

attraction site, and 18-hole golf course.

In the 1988 Parks and Recreation Long Range Plan for the City of Phoenix their goal: Unique
open spaces should be preserved and protected, includes the following medium priority open

space objectives:

- acquire and develop a demonstration section of the Rio Salado Project and
- acquire and develop the Aqua Fria Wash flood plain in cooperation with Glendale
and Avondale.
City of Phoenix’s understanding of the ACOE proposed project conditions include constructing
open space and recreation facilities along the river corridor to relate to urban recreation needs,

redevelopment programs and to integrate with the restored habitat locations based on:

- providing a permanent water source in the river to support adjacent recreation and
open space areas;

- defining site and functional criteria for each facility usage projections;

- supporting requirements for the physical setting to integrate with flood control and

habitat improvements;
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- and evaluating the validity of Lago de Vida ... in relationship to water source,

infiltration lining, low flow bypass, configuration to coordinate with abutting urban

redevelopment, and flood protection.

The following projected, ultimate usage levels based on annual person visit estimates reflect the
City of Phoenix Parks and Recreation Department’s expectations resulting from an ACOE

development project along Rio Salado. These estimates do not include private or commercial

enterprises that could supplement the Corps’ project, particularly as foreseen in the Central

Corridor - additional golf courses in conjunction with associated residential developments.

sports complex

- golf course (in rounds)

- Esperanza, Central Corridor Park

- Promesa Park/Urban Marketplace

- Union Rock Urban Lake

- Ecology Center (27th Ave Landfill)
- Laveen Recreation Area

- Cedars Shores Recreation Area

400,000
155,000
1,000,000
100,000
2,000,000
300,000
500,000
45,000

If Lago de Vida was the only project developed, the following matrix of projected number of

annual user days has been generated:

Recreation Future Without Service Level with Total With-Project

Category Project Level Lago de Vida Service Level |
Watercraft Related  -0- 1,800,000 1,800,000 |
Water-Based 2,000 1,800,000 1,802,000 ‘
Passive Linear 7,000 800,000 807,000

Defined Open Space 5,000 550,000 555,000

Interpretive/EnvEd 1,000 50,000 51,000

TOTAL 15,000 5,000,000 5,015,000
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Recreational opportunities associated with this alternative will be similar to those described for

the previous alternative, except that there will be no urban lake.

The natural human attraction to riparian areas in an arid climate places additional demand on
these resources. Many forms of recreation activity, such as picnicking, camping, hiking,
vehicular recreation, photography, and nature study, are highly dependent on or enhanced by the

presence of riparian and wetland areas.

A comprehensive project would meet, if not exceed the unmet annual user day demand presented

in the above scenarios.

4.2.11 Transportation
Projected and current upgrading of the municipal road systems may maintain the numerous major

arterial and collector needs.

City of Tempe began construction of a parkway system which runs along the river bottom

connecting into the freeway system.

City of Mesa is considering continuation of a similar system. Maricopa County has recently

improved river crossings at 91st Avenue and 115th Avenue.

The Salt River Pima-Maricopa Indian Community is planning extension of Curry Road from

Hayden Road across Pima Road.

Projected and current upgrading of the municipal road systems may maintain the numerous major

arterial and collector needs.
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43  No Action Plan
4.3.1 Physical Setting
With forward-thinking planning, the current significant physical attributes will be preserved in
perpetuity. The physical aspects of the channel will be dependent on the availability and quality

of water resources.

4.3.2 Air Quality
With the projected increase in population, urban growth, air and vehicular transportation, and
possible decline in vegetation, the air quality of the Phoenix area could suffer a significant

negative affect.

4.3.3 Water Quality
Further discussion of water quality is found in the main body of the Reconnaissance Study and

Appendix D of this report.

4.3.4 Biological Resources

43.4.1 Vegetation
Riparian habitat is highly dependent upon the availability of surface water and development-
related disturbances. A significant loss of habitat area and value is expected over the next ten
years due to the removal of water sources currently supporting riparian resources. Future without
project conditions assume the removal of wastewater effluent from the river and the reduction
of agricultural runoff. In the future without project conditions the cottonwood/willow habitat is

more severely affected than the tamarisk plant community.

Future riparian habitat conditions in absence of any improvement or enhancement measures would
continue their dependence on the seasonal/periodic wet-dry cycles. Due to recent growth policy
changes in the City of Phoenix, there would be no guarantee of preserving current outer bank
areas and with the loss of effluent discharge from the sewage treatment plant(s) and agricultural
tailwater the riparian habitat would probably diminish and disappear.
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4342 Wildlife
The USFWS has taken the position that the loss of continuous water flows within the channel
would result in the loss of most of the wetland and riparian habitats and the fish and wildlife
populations they support. Most significantly would be the expected reduction in value of the

habitat supported by the 91st Avenue wastewater treatment plant.

4.3.4.3 Threatened and Endangered Species
In the absence of a continuous water source in the river channel, existing riparian and freshwater
marsh habitat within the Sonoran desert ecosystem is expected to be severely impacted. The
Yuma clapper rail, if present in the project area, would be adversely affected by the reduction

in freshwater marsh habitat.

4.3.5 Aesthetics
In the future without project conditions, the effects to the aesthetics of the area would be
negligible, or would experience an increase in the negative aesthetic value of the channel in

relationship to the projected urban growth.

4.3.6 Cultural Resources
In the absence of the project, there will be continued bank erosion along the river, and
development by both the Cities of Tempe and Phoenix. This will potentially have adverse effects

on National Register eligible properties since they are often located in proximity to watercourses.

4.3.7 Hazardous, Toxic and Radioactive Waste
As the City of Phoenix moves forward with its aquifer recharge plan and elimination and closing

of landfill sites, hazardous and toxic waste concerns should be minimized.

4.3.8 Land Use
It is expected that the Salt River Valley will become largely urbanized within the next several

decades. Urban sprawl and commercial/industrial development is projected to continue west from
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the Phoenix metropolitan area. Prime sites may be adjacent to the 100 year and 200 year flood

plains, increasing the congested "edge" with buildings and assorted development opportunities.

4.3.9 Noise
With the projected increase in population and development, there will be an increase in decibel

levels, and not necessarily from acceptable sound sources.

4.3.10 Recreation
City of Phoenix Parks and Recreation Department’s 1994 assessment of current recreation usage
data reflected 7,280 annual person visits to the channel area.  The following population ratio

standards were adopted by the City of Phoenix in their recreation plan:

Recreation Current Desired Ideal
Category Level Level Level
park 2.71/1000 6.25/1,000 10.5/1000
hiking 1/10,000 1/8000 1/4000
equestrian 1/10,000 1/8000 1/4000
bicycle 1/9500 1/2000 1/1200
his/interp -0- 1/5000 1/2500

The above numbers were utilized, in addition to the NRPA standards, to generate the following
matrix for the defined recreation categories based on a fifty mile radius recreation demand/market
area with the current relative population of 2,500,000. Current recreation service levels in acres
(A) and miles (M) were determined from existing facilities sustained by the municipalities,

Maricopa County, state and Tonto National Forest facilities within the fifty mile radius:
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Recreation Service Desired Unmet
Category Level Level Demand
Watercraft Related 12,500A 15,000A 3,500A
Water-Based 12,500A 15,000A 3,500A
Passive Linear 760M 830M 70M
Defined Open Space 13,000A 26,250A 13,250A
Interpretive/EnvEd  166,100A 1,000A (165,100A)

Taking into account the entire twenty-eight miles and the probable types of recreation
opportunities in addition to the known projected number of annual user days from Tempe and

Phoenix, the following matrix has been generated:

Recreation Current Desirable Unmet
Category Level Level Demand
Watercraft Related -0- 4,000,000 4,000,000
Water-Based 2,000 4,000,000 3,998,000
Passive Linear 7,000 2,000,000 1,993,000
Defined Open Space 5,000 1,500,000 1,495,000
Interpretive/EnvEd 1,000 500,000 499,000

On the rest of the river, lack of access would not change, therefore natural gravitational activities,
conceivably limited to those of the undesirable and unregulated nature, would occur intuitively
and uncontrollably. Taking into account the entire twenty-eight miles and the probable types of

recreation opportunities, the following matrix has been generated:
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Category Level Level Demand

Watercraft Related -0- 4,000,000 4,000,000
Water-Based 2,000 4,000,000 3,998,000
Passive Linear 7,000 2,000,000 1,993,000
Defined Open Space 5,000 1,500,000 1,495,000
Interpretive/EnvEd 1,000 500,000 499,000

4.3.11 Transportation
Arizona Department of Transportation has plans to complete the Outer-Loop (South Mountain
Freeway) approximately 1.5 miles east of the study. This will encourage localized growth

patterns and increase in vehicular circulation patterns.

Sky Harbor Airport had planned to increase its number of runways, but this proposal has been
rejected. However, as Phoenix is a hub for airline travel, there is a potential for increased flight

Recreation Current Desirable Unmet
|
|
|

: . 1

operations to occur in the future. |
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5.0 FEASIBILITY REPORT NEEDS

This section addresses the steps to be taken beyond reconnaissance and into feasibility and
conceptual design. Within the framework of a comprehensive development plan based on
environmental and economic considerations, the Rio Salado could become a regional attraction
sought for its beauty and recreational attributes. In addition, it can be an enhancement of great

value to local interests in the development of housing, commercial, and recreational assets.

A records and literature search and an archeological survey of the entire proposed project is
required. Mitigation measures for any cultural resource listed or eligible for listing in the
National Register that will be affected by the proposed action will be negotiated with the State
Historic Preservation Officer and the Advisory Council on Historic Preservation resulting in a

Memorandum of Agreement.

Opportunities abound for the satisfaction of leisure and recreation needs. The evident potential
of water for these purposes should be explored and exploited. Development of cost shared public
recreational facilities should maximize resources but be consistent with maintaining an appropriate

economic feasibility.

Building equitable and beneficial partnerships with effected municipalities, Maricopa County,
Arizona State University, Arizona Department of Transportation, Gila Indian Community, Salt
River Pima-Maricopa Indian Community, Bureau of Land Management, and various private
property owners and commercial developers will be significant to the success of the feasibility

stages proposed to follow this evaluation.

Other means for effectively addressing the recreation and habitat restoration needs may include
building partnerships with Arizona Association for Learning in and About the Environment
(AALE), Arizona Association of Counties, Governors’ Biodiversity Council, Rails-to-Trails
Conservancy, Arizona Department of Education (ADE), Arizona Department of Environmental
Quality (ADEQ), Arizona Department of Water Resources (ADWR), Arizona Game and Fish
Department (AGFD), Arizona Office of Tourism (AOT), Arizona Outdoor Recreation
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Coordinating Commission (AORCC), Arizona Parks and Recreation Association (APRA), Arizona
Parks and Recreation Foundation (APRF), Arizona Recreation Tourism Council (ARTC), Arizona
State Land Department (ASLD), Arizona State Parks Board (ASPD), Commission on the Arizona
Environment (CAE), Environmental Education Advisory Council (EEAC), Governor’s Riparian
Task Force, Salt River Project, U. S. Department of Interior (DOI), U. S. Forest Service (USFS),
ASU Department of Recreation Management and Tourism (DRMT), and ASU West Leisure
Studies.

5.1 Applicable Federal Environmental Statues
If a feasibility study is recommended, a NEPA document will be required to address all project
environmental resources and issues. The environmental document will be prepared in accordance
with the requirements of Section 102 of this Act and with the Council of Environmental Quality
Regulations for implementing the Procedural Provisions of the National Environmental Policy

Act.

Other environmental laws and regulations that will be complied with in the environmental
documentation include, but are not limited to, the Clean Water Act, the Clean Air Act, the
National Historic Preservation Act, the Wild and Scenic Rivers Act, the Fish and Wildlife
Coordination Act, the Endangered Species Act of 1973, the Migratory Bird Treaty Act, Executive
Order 11990 for the Protection of Wetlands, and Executive Order 11988 for Floodplain

Management.

5.2  Rationale for Additional Environmental Impact and Benefit Analyses in the
Feasibility Study Phase

Presentation of rationale for conducting more detailed environmental analyses in the feasibility

phase is not a function or purpose of this environmental evaluation. Only the environmental

aspects of the study area as they relate to potential project impacts are briefly addressed here.

See the main text for the presentation of conclusions and recommendation.
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The environmental evaluation indicates that there would be potentially greater adverse impacts
without the proposed project than with the proposed project’s riparian habitat improvements and
mitigation measures. It appears that a properly designed project and management program to
preserve and restore the riparian areas throughout the Rio Salado region would significantly
increase these unique and valuable wetland and riparian resources. This analysis provides a

compelling basis for further environmental considerations in the feasibility study phase.

If rehabilitation of the Rio Salado region is not undertaken soon, additional degradation will
occur, and what is left of this valuable and unique type of environment, and endangered species
habitat, will disappear entirely from the metropolitan Phoenix area. Wetlands protection is

legislatively a mission of the Corps of Engineers, and, therefore, in the Federal interest.

5.3 Cost Estimate for Feasibility Study Environmental Impact Statement (EIS)
The following is a preliminary cost estimate for preparation of an Environmental Impact
Statement in the feasibility study phase. An EIS is appropriate because of the many and varied
factors related to the Rio Salado area, and the controversial nature of the project due to the
historical perspective of the project in the Phoenix/Tempe area. The time required for the
preparation of the document would be about 18 months, depending upon the complexity and the
controversy associated with the project, and the time needed for proper interface between

involved agencies, organizations, and other interested persons.

These preliminary costs are subject to change at the time that public scoping occurs for the
Feasibility Study EIS.

Estimated in-house costs in hired-labor

EIS Preparation, Coordination, and Review $100,000

Ecological/Biological Support 65,000

Cultural Resources Support 35,000

Travel and Miscellaneous 12.000

SUBTOTAL $212,000
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l Contracts required
U.S. Fish and Wildlife Service Funding 30,000

' HTRW Studies 40,000
Ecological Studies/Biological Assessment  60.000

l TOTAL $342,000
Additional Archaeological Contracts

l Cultural Resources Field Surveys $15-20/acre

' Archaeological Testing $60-100,000/site
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6.0 COORDINATION
During the preparation of this Appendix A for the Rio Salado Reconnaissance Study, NUVIS

contacted the following individuals and agencies to glean information:

Individual Agency/Affiliation Specialty
Peter Atonna City of Phoenix Planner
Carey Casey ACOE/Los Angeles GIS

Duane Dawson City of Tempe Recreation
Manny Dominguez City of Tolleson Public Works
Jody Fisher ACOE/Los Angeles Water Quality

Cliff Ford

Dr. Wm. L. Graf
Scott B. Grubb
Howard Hargis
Jan Hatmaker
John Karakawa
James Coffman
Ed Louie

Michelle Mackey
Dennis Marfise
Ronald MacDonald
Ron McKinstry
Steve Nielsen
Greg Peacock
Dick Perreault
Kris Randall
Lawrence M. Riley
Robert Sejkora
Scott Solliday

ACOE/Los Angeles
ASU Dept of Geography
Ariz Dept Parks

City of Tempe

City of Phoenix
ACOE/Los Angeles
City of Phoenix
ACOE/Los Angeles
ACOE/Los Angeles
ACOE/Los Angeles
ACOE/Los Angeles

U. S. Fish & Wildlife
City of Tempe
ACOE/Los Angeles
Maricopa County

Ariz Dept Env Quality
Ariz Dept Game & Fish
Ariz Dept Parks

Tempe Hist Museum
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Civil Engineer
Community Dev
Recreation
Engineer
Noise/Air
Design
Recreation
Recreation

Rec. Impacts
Hydrology
Ecology

Fish & Wildlife
Community Dev
Hydrology
Flood Control
Rip/Wetlands
Env. Compliance
Water Resources

History

'




Bruce Swanson City of Phoenix Recreation
Paul Walker City of Goodyear Recreation
Ted Yee ACOE/Los Angeles Hydrology

Results of the archival studies and archaeological surveys, along with the Corps’ determinations
of eligibility, will be sent to the Arizona State Historic Preservation Officer for review and
comment. If it is determined that the project will have an adverse effect on National Register
listed or eligible properties, the Advisory Council on Historic Preservation will be afforded the

opportunity to comment on the project in accordance with Section 106 of the National Historic

Preservation Act.
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7.0 PREPARERS
The following individuals were instrumental in the preparation of this Appendix A for Rio Salado

Reconnaissance Study:

- aw = .

Individual Affiliation Role

Robert R. Cardoza NUVIS Administrator .

Ron Conner ACOE/Los Angeles Economist

Matt DeHeras NUVIS Graphics '

Jennifer Eckert ACOE/Los Angeles Biology :

Paul LeBrun ACOE/Phoenix Study Manager l

Rod McClean ACOE/Los Angeles Archaeology

Tomas Munoz NUVIS Project Manager .

Laura Skiff NUVIS Graphics

Daniel Sulzer ACOE/Los Angeles Economist l

Leslee A. Temple NUVIS Project Principal

Alex Watt ACOE/Los Angeles Env. Protection '
i
'
|
|
|
|
|
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9.0 HABITAT ANALYSIS
I. Introduction

A field reconnaissance study was to conducted to determine the existing habitat values of
the vegetation within the Rio Salado study area. A modified habitat evaluation procedure analysis
was conducted; a group of environmental professionals was assembled to qualitatively assess the
value of the habitat along the river. This value, multiplied by the acreage of each habitat area,
was converted to Habitat Units. These habitat units represent the existing habitat value of the
vegetation in the study area. This existing value is projected into the future under both with
project and without project conditions to determine the habitat units associated with these future
conditions.

II. Affected Environment.

Fresh water marsh. This habitat type consists primarily of cattails, bulrushes, and occasionally
water cress. This community is located at the lowest elevations of the river along the watercourse
or in areas of shallow ponded water or heavily saturated soils.

Cottonwood/willow riparian forest. This habitat is dominated by a combination of cottonwood
and willow trees. This plant community is found along the active streambed of the river or on
the first terrace above the river.

Mesquite habitat type. This habitat type is dominated by honey mesquite and is normally found
on the upper terraces of the floodplain above the active river channel. The presence of mesquite
within the project area is minimal; tamarisk dominates the areas where mesquite would be
located.

Tamarisk. Tamarisk is located on all floodplain elevations throughout the study area. Dense
monotypic stands of tamarisk are found primarily on the upper terraces of the river. Tamarisk
is also interspersed with stands of native vegetation at all elevations of the floodplain.

III. Methodology.
A. General.

A field team was assembled to qualitatively assess the habitat value of the existing habitat
within the Rio Salado study area. The team consisted of individuals from various resource
agencies within Arizona and the Los Angeles District, Corps of Engineers.

Field team members included:
Ron McKinstry, U.S. Fish and Wildlife Service

Larry Riley, Arizona Department of Fish and Game
Kris Randall, Arizona Department of Environmental Quality
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Anne Blech, Flood Control District of Maricopa County
Jennifer Eckert, Alex Watt, and Paul LeBrun, Corps of Engineers

Prior to conducting the field investigation, areas of existing habitat were identified and
mapped on a 1994 Landiscorp aerial photo (scale: 1 inch to 1200 feet) of the study area. In
addition, the qualitative parameters, or rating criteria, upon which to assess the habitat were
determined by group consensus.

The field investigation was conducted September 1 and 2, 1994. During the field
investigation, the team walked each of the sites identified on the aerial photo and graded the site
for each of the rating criteria. The grading was on a scale ranging from zero to one (0 - 1.0),
with 1.0 being the highest value. Sites were added and deleted during the field reconnaissance
as the aerial photo was ground-truthed. In total, 29 sites were mapped and assessed during the
field study.

The rating criteria used include the following:

Threatened and endangered species: Assessed value based on habitat suitability for the
Yuma clapper rail, a federally listed endangered species. Areas with ponded water and stands
of cattails were assessed a higher value for this category.

Continual Water Source: Sites with visible water were assessed a value of 0.5, sites
without water were assessed a value of 0.0. The team assumed that if water was present at the
site than it was a reliable source present throughout the year, or most of the year. This
assumption was made because the survey was conducted on 1 and 2 September, which is towards
the end of the hot summer, although monsoon rains do occur in September.

Bird/wildlife species present: Assessed value based on the wildlife species and sign
observed during the survey.

Species composition: Assessed value based on the plant species present at the site with

higher value given to areas of native plants, lower value given to areas dominated by invasive
non-native plant species, primarily tamarisk.
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Species density: Assessed value based on the percentage of vegetative ground cover
present across all height classes. Cover was broken down into a percent scale and graded
accordingly, below.

Percent Plant Cover Assessed Value
0 - 20% 0.0 -0.2
20 - 40% 02-04
40 - 60% 04 - 0.6
60 - 80% 0.6 - 0.8
80 - 100% 0.8-1.0

Height class (% of plants < 15’ and % plants > 15°): For this category a scaled value
was not assessed. Rather, the percentage of vegetation by foliage volume above and below 15
feet was determined. This percentage was later scaled along with the species composition and
species density vales to determine a single habitat value for these criteria (see discussion below).

Undisturbance within/adjacent to habitat: Areas with high levels of disturbance were
assessed a low value while relatively undisturbed areas were assessed a high value. Disturbance
included proximity of the site to urban or industrial areas, freeway and bridge overcrossings, sand
and gravel operations, off-road vehicle use and illegal dumping. Undisturbed areas were those
that appeared to have little human influence within or adjacent to the site.

In sum, a total of 29 sites along the Salt River were identified on the map and assessed.
The results of the site assessments with the values for each of the rating criteria are shown in
Table 1. Field notes on each of the sites are found in Appendix F of this report (To Be Added).
These data were then used to determine the habitat units associated with each site.

B. Habitat Units Determination.

To determine the habitat value of each site (in habitat units), one must multiply the
assessed value of the site by the acreage of the site. The above rating criteria were averaged and
multiplied by the acreage of each site to determine the number of habitat units associated with
each site.

To determine the overall assessed value of the site, the rating criteria were averaged.
However, prior to determining the average rating criteria, species composition, species density
and height class were combined into one overall number, representing value of the habitat to
wildlife. This combined rating criteria was added to the remaining criteria (threatened and
endangered species, continual water source, bird/wildlife species present, and level of
undisturbance) and divided by five to form the average value associated with each of the sites.
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Table 1. Rating Criteria Field Values.

Site 1 2 3 4 5 6a 7 8 9 9a 10 11 12 13 14 15

T&E Species 0.1 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0.2

Water 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0.5 0 0 0 0 0.5 0.5

UnDisturb 0.1 0.1 0 0.1 0.5 0.3 0.5 0.6 06] 06 0.6 06| 0.7 0.8 0.6 0.6

Sp. present 0.2 0.1 0 O.1 0.8 0.7 0.3 0.7 0.3 0.6 0.2 03] 03 0.7 0.6 0.6

Sp. Composition 0.6 0.4 0 0.3 0.9 0.4 0.4 0.7 041 05 0.2 051 04 0.6 0.7 0.8

Sp. Density 0.8 0.3 0 0.1 0.8 0.8 0.2 0.5 0.3 0.4 0.8 08| 0.7 0.8 0.7 0.7

Height Class

% Plants < 15’ 90 | 100 0] 100 50 100 30 50 100 40 60 20 10 50 80 50
0

% Plants > 15° 10 0 0 0 50 0 70 50 0 60 40 80 0 50 20 50

Site 16 | 16a 17 18 19 20 21 22| 23a| 23b 24| 24a| 25

T&E Species 0 0.7 0.2 0.2 03 0 0.2 0.8 0y 09 0.3 061 02

Water 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0] 05 0.5 051 05

UnDisturb 0.8 0.6 0.6 0.6 0.7 0.6 0.6 0.6 06| 0.6 0.8 081 0.7

Sp. present 0.4 0.8 0.6 0.6 0.8 0.4 0.6 0.6 0.3 0.8 0.8 08| 04

Sp. Composition 0.2 0.7 0.7 0.7 0.7 0.2 0.5 0.7 0.2 0.8 0.7 07] 04

Sp. Density 0.9 0.4 0.7 0.7 0.6 0.9 0.6 0.8 07| 03 0.7 06| 0.7

Height Class

% Plants < 15’ 70 60 60 60 70 90 60 50 80| 100 60 801 90

% Plants > 15° 30 40 40 40 30 10 40 50 20 0 40 20| 10
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Species composition, species density and height class were combined into one number
based on a habitat evaluation model formulated under contract for the AZ Dept of Game and Fish
(Anderson and Ohmart, 1993). The "Arizona Riparian Habitat Evaluation Model with Wildlife
Values" was developed to predictwildlife values for the various riparian habitat types in Arizona.
To predict the wildlife values associated with riparian communities, the model used the criteria
of tree species composition and density data, and the foliage profile/vertical configuration of the
vegetation. These criteria correspond to the study team field ranking criteria of species

composition, species density, and height class, respectively.

The study team field ranking for these criteria were input into the Anderson-Ohmart
Arizona Riparian Habitat Evaluation Model to formulate one number which represents the
wildlife value associated with each of the sites. This value, referred to as the Anderson-Ohmart
value, or A-O value, was averaged along with the remaining rating criteria to derive an overall
value for each of the sites. Table 2 shows the inputs into the Habitat Evaluation Model for each
of the sites and the final A-O value derived from the model. Table 3 shows the five values
associated with each of the rating criteria, and the total and average value of these ranking
criteria. The average value multiplied by the number of acres for each site gives the habitat units
associated with each site, also on Table 3. These values show the existing habitat value or the
existing conditions of the vegetation within the project area. Table 3a displays the habitat units
for existing conditions by habitat type.

Future Without Project Conditions. Table 4 illustrates the estimated habitat units associated
with future without project conditions. The future without project habitat units were estimated
based on several assumptions. These assumptions include the elimination of wastewater effluent
from the river; the reduction of agricultural runoff; and the maintenance of storm water in the
river. The future assumptions also include the flood control maintenance of the river starting

from 91st Avenue and continuing downstream off the project area.
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[Table 2. Habitat Evaluation Model Worksheet,
SITE 1 2 3 4 5 6a 7 8 9 9a 10 u 12 13 14 15
1st Dom cw TAM cw WIL WETLAND WIL WiL TAM WIL TAM TAM TAM CW-WIL WIL cw
2nd Dom WIL WIL WIL cwW cw CW-WIL WIL-CW TAM TAM WIL-MESQ
Series 1 3 1 1 1 1 3 1 3 3 3 1 1 1
Density 08 03 0.1 08 08 02 05 03 04 08 08 0.7 08 0.7 0.7
Height Class
Pct<15’ 90 100 100 50 100 30 50 100 40 60 20 100 50 80 50
Pet>15 10 0 0 50 0 70 50 0 60 40 80 0 50 20 50
Veg Class Vi VI VI v VI vi v Vi Vi Vi I Vi ’ v VI v
Veg Value 26 -1.9 7 26 28 26 28 -19 26 -19 -13 -1.9 28 26 28
A-O Value 0.89 021 7 0.89 092 } 0.80 0389 092 021 0.89 021 030 021 092 0389 092
SP. 02 0.1 0.1 08 0.7 0.3 0.7 .03 0.6 02 03 03 ' 07 . 06 0.6
Present
%‘ SITE 16 16a 17 18 19 20 21 22 23a 23b 24 24a 25 }
ist Dom TAM cw TAM WIL WIL TAM WIL-CW WIL TAM OPEN WAT WIL WIL TAM
2nd Dom WIL cw Ccw TAM CW-TAM cw CATTALIL TAM cw CW-WIL
Series 3 1 3 r 1 3 1 1 3 1 1 3
Density 09 04 0.7 0.7 0.6 09 06 08 0.7 03 0.7 0.6 0.7
Height Class
Pct<ts’ 70 60 60 60 70 90 60 50 80 100 60 80 90
Pet>15" 30 40 40 40 30 10 40 50 20 0 40 20 10
Veg Class v 1\ v v v VI 1A% v Vi VI v Vi V1
Veg Value -1.7 2.8 -1.7 28 28 -1.9 28 28 -19 7 28 26 -1.9
A-O Value 0.24 092 0.24 0.92 0.92 0.21 092 092 0.21 0.90 092 0.89 021
Sp. Present 04 08 0.6 06 08 04 06 0.6 03 0.8 08 08 04




Table 3 Project Site Habitat Values.
SITE 1 2 3 4 5 6a 7 8 9 9a 10 11 12 13 14 15
T&E 0.1 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0.2
Water 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0.5 0 0 0 0 05 0.5
UnDisturb 0.1 0.1 0.1 0.5 0.3 0.5 0.6 0.6 0.6 0.6 0.6 0.7 0.8 0.6 0.6
A-O Value 0.9 0.2 é 0.9 0.9 08 0.9 0.9 0.2 0.9 0.2 03 0.2 0.9 09 0.9
Sp. Present 0.2 0.1 E 0.1 0.8 0.7 0.3 0.7 0.3 0.6 0.2 0.3 0.3 0.7 0.6 0.6
TOTAL 1.79 0.91 0.00 1.09 322 2.30 2.19 222 1.61 2.59 1.01 1.20 1.21 242 2.59 2.82
Avg. Value ' 0.36 0.18 0.00 0.22 0.64 0.46 0.44 0.44 0.32 0.52 0.20 0.24 0.24 0.48 0.52 0.56
Acreage 4.6 54.5 19.5 142 13.2 6.61 189.8 56.7 12.6 413 147 53.8 344 43.6 274 443.
% Habitat Units| 1.6 9.8 0 3.1 8.5 3 83.5 24.9 4 21.5 29.5 12.9 83 20.9 14.2 248
SITE 16 16a 17 18 19 20 21 22 23a 23b 24 24a 25
T&E 0 0.7 0.2 02 0.3 0 0.2 08 0 0.9 0.3 0.6 0.2
Water 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0 0.5 0.5 0.5 0.5
UnDisturb 0.8 0.6 0.6 0.6 0.7 0.6 0.6 0.6 0.6 0.6 08 | 08 0.7
A-O Value 0.2 0.9 0.2 0.9 0.9 0.2 0.9 0.9 0.2 0.9 0.9 0.9 0.2
Sp. Present 04 0.8 0.6 0.6 0.8 0.4 0.6 0.6 0.3 0.8 0.8 0.8 0.4
TOTAL 1.44 3.52 2.14 2.82 322 1.71 2.82 3.42 1.11 3.70 3.32 3.59 2.01
Avg. Value | 0.29 0.70 0.43 0.56 0.64 0.34 0.56 0.68 0.22 0.74 0.66 0.72 0.40
Acreage 181 62.2 12.2 26.5 25.1 117.36 51.57 111.1 20.8 11.2 50.3 17.9 348
Habitat Units{ 52.3 43.5 53 83 16.1 39.9 289 75.5 4.6 83 332 129 139




Table 3a. Habitat Units for Existing Conditions by Habitat Type

Wetlands Dominant

Site # Acreage Quality H U s
6a 6.61 0.46 3.00
23b 11.20 0.74 8.30
Total 17.80 11.30
Tamarisk Dominant
Site # Acreage Quality H U’
9 12.60 0.32 4.00
10 147.40 0.20 29.50
11 53.80 0.24 12.90
12 34.40 0.24 8.30
16 180.50 0.29 52.30
17 12.20 0.43 5.30
20 117.40 0.34 39.90
23a 20.80 0.22 4.60
25 348.10 0.40 139.20
Total 927.20 296.00
Cottonwood Willow Dominant
Site # Acreage Quality H. U.’s
1 4.60 0.36 1.60
4 14.20 0.22 3.10
5 13.20 0.64 8.50
7 189.80 0.44 83.50
8 56.70 0.44 24.90
9a 41.30 0.52 21.50
13 43.60 0.48 20.90
14 27.40 0.52 14.20
15 44.30 0.56 24.80
16a 62.20 0.70 43.50
18 26.50 0.56 8.30
19 25.10 0.64 16.10
21 51.60 0.56 28.90
22 111.10 0.68 75.50
24 50.30 0.66 33.20
24a 17.90 0.72 12.90
Total 779.80 421.40
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Table 4. Habitat Units for Future Without Project Conditions.

Wetlands Dominant

!
' Site # Area Q Habitat Units Units Units Water Source/Impact |
}
6a 33 0.23 7.6 Aggie
l 23b 1.1 0.07 0.08 Wastewater/Flood control maint.
Total 4.4 , 7.7
I Tamarisk Dominant
\ Site # Area Quality Habitat Units
l 9 3.8 0.1 . 0.38 Water unknown/currently water stressed
10 147.4 0.2 295 Currently no water/no change
l 11 53.8 0.24 12.9 Currently no water/no change
12 344 0.24 83 Currently no water/no change
16 180.5 0.29 523 Currently no water/no change
' 17 12 0.04 0.05 Wastewater/Flood control maint.
l 20 1174 0.34 39.9 Groundwater-Gila River/No disturbance expected
23a 20.8 0.22 4.6 Upper Terrace/No disturbance expected
l 25 104 0.1 125 Wastewater?
Total 663.3 160.4
' Cottonwood Willow Dominant
Site # Acreage Quality H. U. ’s Water Source/Impact
l 1 46 0.36 1.6 Stormwater
4 43 0.1 0.43 Wastewater
l 5 6.6 0.32 21 - Aggie
7 94.9 0.22 20.9 Water source unknown/Currently drought stressed stressed
' 8 56.7 0.44 249 Water source unknown
% 20.7 0.26 5.4 Aggie?
' 13 436 0.48 20.9 Currently no water/no change
14 13.7 0.26 3.6 Aggie
l 15 44 0.06 0.27 Wastewater/Flood control maint.
16a 6.2 0.07 0.43 - Wastewater/Flood control maint.
18 2.6 0.05 0.13 Wastewater/Flood control maint.
l 19 11.7 0.03 0.35 Wastewater/Flood control maint.
21 5.1 0.05 0.25 Wastewater/Flood control maint./future bridge crossing
I 22 11.1 0.07 0.77 Wastewater/Flood control maint./future bridge crossing
24 5 0.06 03 Wastewater/Flood control maint.
l 24a 1.8 0.07 0.13 Wastewater/Flood control maint.
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Essential to the existence of healthy plant communities along the Salt River is the presence
and availability of water. Removal of wastewater and reduction of agricultural runoff would
reduce the extent and quality of the vegetation currently relying on these sources. Flood control
maintenance of the river is expected to adversely affect existing vegetation through clearing
operations. A reduction in habitat quality along the river with a concomitant reduction in

associated habitat units would be expected in the future without project conditions.
C. Observations.

Existing Conditions. Several observations about existing conditions can be made from the data
in Table 3a. First, tamarisk is the dominant habitat type, with over 900 acres located along the
river. Approximately 780 acres of cottonwood/willow dominated habitat also exist in the study
area. Freshwater wetland dominated habitat is limited in extent, with approximately 18 acres
found in the study area, although this habitat type is also found in areas of cottonwood/willow

habitat if adequate water is present.

Although tamarisk is the dominant plant community in terms of acreage, the habitat units
associated with the cottonwood/willow habitat type exceed those of the tamarisk communities
(296 H.U’s for Tamarisk, 421 H.U.’s for CW/Will). Cottonwood/willow habitat is far more
valuable to wildlife than tamarisk, though mature tamarisk stands to provide some habitat value,

most notably for doves.

Future Without Project Conditions. Based on the future without project assumptions, it is

expected that the value and overall acreage of habitat along the river will be reduced.

In the future without project conditions the cottonwood/willow habitat is more severely
affected then the tamarisk plant community. This is due to an anticipated reduction in the
availability of water. Some of the tamarisk is located on flood terraces above the river channel,
and away from existing surface water; these plants are supported by groundwater. Because of

this, these plant communities will be less affected by the reduction in wastewater, agricultural
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water, and the expected flood control maintenance. The habitat units associated with the tamarisk
community are expected to be reduced from 296 H.U.’s to 184 H.U.’s or a 38% reduction in
value.

In contrast to tamarisk, portions of the cottonwood/willow community are located on
lower flood terraces and in the river along existing surface water. These species are more
affected by a reduction in water than tamarisk. In general, sites located downstream of the 91st
Avenue wastewater treatment plant represent much of the highest quality cottonwood/willow
habitat along the river. These areas would be severely impacted by the removal of wastewater
flows and the program of flood control maintenance. Comparing existing conditions to future
without project conditions shows a reduction from 421 total H.U.’s to 137 H.U.’s for the

cottonwood/willow habitat type or a 68% reduction in value.

IV. Project Alternatives.

The primary constraint for the existence of cottonwood/willow and freshwater marsh
habitat along the river is the availability of water. It is essential to secure a water source in order
to promote these habitat types within the study area. Once a water source has been identified
species manipulation in the form of native species planting, and/or ruderal species removal can
be accomplished. Endangered species enhancement for the Yuma clapper rail could be done

through the creation of freshwater ponds and marsh areas.

The emphasis for habitat restoration is to create a self maintaining more "natural" habitat
(habitat that would not require a human-manipulated water source to survive). Plants would be
maintained for an establishment period only until they are self sustaining. This can be
accomplished by using plant species appropriate for the elevation along the river (river channel,
first or second flood terrace above the river) and for the water availability, either ground or

surface water.

A. Alternative A: Environmental Restoration. This alternative seeks to maximize the native

wetland habitats along the Salt River through construction of new habitat. The construction of
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wetland habitat, primarily cattail marsh, is proposed at several locations along the Salt River and

Indian Bend Wash. A detailed description is provided in the text of the main report.

Indian Bend Wash.

Approximately 18 acres of freshwater marsh would be constructed within the Indian Bend
Wash from just downstream of McKellips Road to the confluence of the Salt River. Six acres
of mesquite bosque are proposed for the area from Curry Street to the Salt River confluence.
The freshwater marsh would be located in the bottom of the Indian Bend Wash channel with the
mesquite bosque located on a terrace above the active channel bottom. Fourteen of the eighteen
acres of marsh would be adjacent to an existing golf course with the remaining four acres

adjacent to the mesquite. These wetland areas would be supported by pumped groundwater.

Tempe Wetlands.
The Tempe Wetlands would consist of approximately 4 acres of freshwater marsh and 15

acres of cottonwood willow woodland constructed in the Salt River. The cottonwood willow
restoration would be done along the sides of the Salt River to avoid the center of the active
channel and thus minimize conflicts with flood control needs. An impoundment structure would
be required across the Salt River to form a backwater area thus supplying the necessary water to

support the wetlands.

Phoenix Wetlands (Lago de Vida).

The Phoenix Wetlands would consist of approximately 240 acres of freshwater marsh and

12 acres of cottonwood willow woodland. The freshwater marsh would be located slightly off
the active channel and would be supported by pumped groundwater. The cottonwood willow
woodland would avoid the active channel and thus conflicts with flood control needs and would

also be supported by pumped groundwater.

B. Alternative B: Comprehensive Water Resources Development. Alternative B represents
a comprehensive water resources development strategy wherein riparian habitat restoration and

recreation share foremost as primary project purposes. The two alternatives are similar in terms
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of habitat restoration, including the unique features of converting environmental problems into
opportunities for environmental gains at Tempe (Indian Bend Wash and Salt River) and Lago de
Vida in Phoenix. The major difference between the two, from a habitat restoration perspective,
is a reduced habitat restoration area at Lago de Vida for Alternative B. Alternative B at Lago
de Vida has 120 acres of wetland restoration rather than 240. Otherwise, the two alternatives are

the same in terms of habitat restoration.

C. Future With Project Conditions. Under future with project conditions the site conditions
listed in Table 4 would remain unchanged. New habitat would be created at Lago de Vida and
Tempe Cienega (see the text of the main report for alternative details) where currently there is
none. Table 5 illustrates the estimated habitat units associated with future with project

conditions for Alternatives A and B.

The future with project conditions result in a net gain of habitat and associated habitat
units within the study area. With the construction of the project alternative as described below
approximately 142 to 262 acres of freshwater marsh would be constructed along with 27 acres
of cottonwood willow woodland and 4 acres of mesquite. The habitat units associated with these
proposed areas are added to the future habitat units associated with the existing habitat currently

found along the river.

In assessing project impacts, a comparison is made between the future with and future
without project conditions. This comparison can be found in Table 6, below. An overall increase
in both the acreage and the habitat units associated with each of the habitat types occurs in the
future with project conditions. Most significantly, the freshwater marsh habitat would increase
by approximately 142 to 262 acres and 90 to 168 habitat units (for Alternatives B and A
respectively). There is also an increase associated with the cottonwood/willow, tamarisk and
mesquite habitat types. At this time, there is little mesquite within the project area, occasional
plants are present but no exclusive stands exists. This project proposes to restore approximately

4 acres of this habitat type.
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Table S.A. Habitat Units for Future With-Project Conditions: Tempe Cienega in
Alternatives A and B.

Mesquite Dominant

Site Area Quality Habitat Water Source
(Acres) (0-1) Units
Indian Bend 4 0.60 24 Groundwater
Wash

Wetlands Dominant

Site Area Quality Habitat Water Source
(Acres) (0-1) Units
Salt River 4.0 0.56 2.2 Groundwater and Salt River
Flows
Indian Bend 18.0 0.58 10.4 Groundwater
Wash
Subtotal 22.0 -- 12.6 Groundwater and Salt River
Flows

Cottonwood Willow Dominant

Site Area Quality Habitat Water Source/Impact
(Acres) (0-1) Units
Salt River at 15.0 0.5 7.5 Groundwater and Salt River
Tempe Flows
Total 41 -- 22.5 Groundwater and Salt River
Flows
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Table 5.B.  Habitat Units for Future With Project Conditions: Alternative
A at Lago de Vida.
Habitat Type Area Quality Habitat
(Acres) (0-1) . Units
Wetlands 240.00 0.64 154
Cottonwood-Willow (On channel 12.0 0.5 6.0
banks)
Total 252 -- 160

Table 5.C.  Habitat Units Ifor Future With Project Conditions: Alternative B
at Lago de Vida.
Habitat Type Area Quality Habitat
(Acres) (0-1) Units
Wetlands 120.00 0.64 77
Cottonwood-Willow (On channel 12.0 0.5 6.0
banks)
Total 132 - 83
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Table 6.A. Comparison of Riparian Habitat Conditions for Future-With-Project and
Future-Without-Project Conditions - Alternative A.
Habitat Type | Future- Future- Percent Future- | Future- | Increase | Percent
Without- | With-Project | Difference in | Without- | With- | in Habitat | Difference
Project Area Area Project | Project Units | in Habitat
" Area (In Acres) Habitat | Habitat Units
(In Acres) Units Units
Mesquite 0 4 >+100% 0 24 24 >+100%
Wetlands 17.8 279.8 +1,471.9% 23 169.5 167.2 | +7,270%
Cottonwood 779.8 806.8 +3.5% 136.6 150.1 13.5 +10%
Total 797.6 1,090.6 +36.7% 138.9 322.0 183.1 +132%
Table 6.B. Comparison of Riparian Habitat Conditions for Future-With-Project and
Future-Without-Project Conditions - Alternative B.
Habitat Type | Future- Future- Percent Future- Future- | Increase | Percent
Without- With- Difference | Without- With- in Difference
Project Project in Area Project Project Habitat | in Habitat
Area Area Habitat Habitat Units Units
(In Acres) | (In Acres) Units Units
Mesquite 0 4 >+100% 0 24 24 >+100%
Wetlands 17.8 159.8 +797.8% 23 92.5 90.2 +3,922%
Cottonwood 779.8 806.8 +3.5% 136.6 150.1 13.5 +10%
Total 797.6 970.6 +21.7 138.9 245.0 106.1 +76%
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SERVICE

DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
ARIZONA ECOLOGICAL SERVICES STATE OFFICE
3616 West Thomas Road, Suite 6
Phoenix, Arizona 85019

Telephone: (602) 379-4720 FAX: (602) 379-6629

September 19, 1994 -
In Reply Refer To: '
AESO/SE
2-21-94-1-525

Mr. Robert S. Joe

U.S. Army Corps of Engineers
P.O. Box 2711

Los Angeles, California 90053-2325

Dear Mr. Joe:

This letter is in response to your August 12, 1994, request for information on listed or
proposed threatened or endangered species and candidate species that may occur in the area
of the 100-year floodplain of the Salt River from the eastern boundary of Tempe to the
confluence of the Agua Fria River, for the proposed study area of the Salt River, Rio
Salado, Arizona Reconnaissance Study.

Our data indicate the following listed and candidate species may occur in the proposed
project area: : :

Endangered
Lesser long-nosed bat (Leptonycteris curasoae yerbabuenae) »

American peregrine falcon (Falco peregrinus anatum)
Bald eagle (Haliaeetus leucocephalus)
Yuma clapper rail (Rallus longirostris yumanensis)

Pr ed Endangered
Southwestern willow flycatcher (Empidonax traillii extimus)

Candidate Category 1
Cactus ferruginous pygmy-owl (Glaucidium brasilianum cactorum)

Candidate Category 2

California leaf-nosed bat (Macrotus californicus)

Spotted bat (Euderma maculatum)

Greater western mastiff-bat (Ewmnops perotis californicus)
Yavapai Arizona pocket mouse (Perognathus amplus amplus)
Loggerhead shrike (Lanius ludovicianus)
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(Northern) Buff-breasted flycatcher (Empidonax fulvifrons pygmaeus)
Roundtail chub (Gila robusta)

Longfin dace (Agosia chrysogaster)

Desert sucker (Catostornus [Pantosteus] clarki)
Sonora sucker (Catostomus insignis)

Maricopa tiger beetle (Cicindela oregona maricopa)

Endangered and threatened species are protected by Federal law and must be considered
prior to project developmcnt. Candidate species are those which the Fish and Wildlife
Service (Service) is considering adding to the threatened or endangered species list.
Category 1 candidates are those for which the Service has enough information to support
a proposal to list. Category 2 species are those for which the Service presently has
insufficient information to support a proposal to list. Although candidate species have no
legal protection under the Endangered Species Act, they should be considered in the
planning process in the event they become listed or proposed for listing prior to project
~ completion.

If any proposed action may affect riparian areas, the following concerns should be noted.
The Service is concerned about the protection of riparian habitats because they are rare and
declining in the southwestern United States. Because many plant and animal species only

' occur or are more abundant in riparian areas, protecting and conserving riparian areas is

critical to preserving genetic, species, population, and community diversity throughout
Arizona. Maintaining hydrologic and other environmental conditions that support healthy
riparian ecosystems is essential to the maintenance of healthy populations of plants,
invertebrates, fish, amphibians, reptiles, birds, and mammals. Riparian areas also provide
linear corridors critical to migratory species such as neotropical birds, waterfowl, and certain
bats. The Service recommends that effects to riparian areas be avoided or mitigated.

The State of Arizona protects some species not protected by Federal law. We suggest you
contact the Arizona Game and Fish Department and the Arizona Department of
Agricuiture for state-listed or sensitive species in the project area.

We appreciate your efforts to identify and avoid impacts to listed and sensitive species in
your project area. In future communications on this project, please refer to consultation
number 2-21-94-1-525. If we may be of further assistance, please contact Brenda Andrews
or Tom Gatz.

Sincerely,

#?“‘Fg

tate Supervisor

cc: Director, Arizona Game and Fish Department, Phoenix, Arizona
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UNITED STATES

DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
ARIZONA ECOLOGICAL SERVICES STATE OFFICE
2321 W. Royal Paim Road, Suite 103 '
Phoenix, Arizona 85021-4951

Telephone: (602) 640-2720 FAX: (602) 640-2730
March 7, 1995

In Reply Refer To:
AESO/SE

Colonel Michal R. Robinson
District Engineer

Army Corps of Engineers
P.O. Box 2711

Los Angeles, California

Dear Colonel Robinson:

This planning aid letter on the Rio Salado Reconnaissance Study (Study) addresses the
problems and opportunities for fish and wildlife resources in the study area. It is being
provided pursuant to the Fish and Wildlife Coordination Act (FWCA)(48 stat. 401, as
amended; 16 U.S.C. 661 et seq.) and has been developed in coordination with the Arizona
Game and Fish Department (AGFD). It does not constitute the Fish and Wildlife Service
(Service) report under Section 2(B) of the FWCA.

PURPOSE OF THE STUDY

The purpose of the Study being conducted by the Corps of Engineers (Corps), under
authority of Senate Appropriations Bill H.R. 2445, is to fully describe and analyze problems
and opportunities related to flooding, erosion, water quality, riparian habitat and recreation
within the study area and to develop a wide range of alternatives that would reduce the
severity, or totally eliminate these problems and take advantage of the opportunities.

The entire study reach provides opportunities for the restoration and enhancement of
habitat for numerous fish and wildlife species including the endangered Yuma clapper rail
and Southwestern willow flycatcher. Riparian and wetland areas could be restored and/or
enhanced by the creation of open water areas, selective clearing of exotic saltcedar, and
planting of cottonwood, willow and other important wildlife vegetation species.

One of the goals of the Study is to analyze opportunities for the preservation and
enhancement of the existing ecosystem.

s,
FISH & WILDLIFE
SERVICE
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DESCRIPTION OF STUDY AREA

The reconnaissance study area is located along the Salt River in Maricopa County, Arizona.
The area consists of approximately twenty-eight miles of the Salt Rivers 100-year floodplain
and is bounded on the upstream end by the eastern municipal boundary of Tempe at
McClintock Road and on the downstream end by the confluence of the Agua Fria River.

The present surface flow of the Salt River within the study area is attributed to releases
from upstream impoundments, effluent from water treatment facilities, agricultural return
flows, and local storms. This surface flow supports riparian habitat and water obligate
species. The river from its eastern boundary to 23rd Avenue in Phoenix is essentially an
ephemeral waterway that is dry most of the year with the exception of periodic flows. From
23rd Avenue west it has perennial flows maintained by effluent from the water treatment
plants, agricultural return flows and local storm flows.

ALTERNATIVES

In response to Congressional direction, Rio Salado alternatives were formulated in
consideration of flood control, water quality, recreation, and restoration of riparian habitat.

As a result of relatively low level of flood damage in the study area, no Federal interest was
identified for flood control. However, flood control features have been included in the
analysis of alternatives because they provide flood protection in support of other resource
objectives and achieve incidental flood control benefits.

Alternative A: Environmental Restoration

Under this alternative, opportunities to protect, enhance, or create 300 acres of important
wetland and riparian habitat which supports or could support the endangered Yuma clapper
rail and Southwestern willow flycatcher along with other species of migratory and resident
wildlife would be investigated. Also, opportunities to improve groundwater quality of the
shallow aquifer and methods of improving surface water quality within the study area would
be analyzed. _

This alterative would include several environmental restoration features along the Salt River
including:

o A constructed wetland and mesquite bosque at Tempe (Tempe Cienega).

o A constructed wetland, waterfowl/fisheries lakes, riparian vegetation, and
water quality improvement at Phoenix Lago de Vida.



Colonel Michal R. Robinson | 3
Alternative B: Recreation .

This alternative would analyze the present recreation activities in the study area within
Tempe and Phoenix. Based on future demand, a plan for providing water based recreation
would be prepared.

The plan will include approximately 180 acres of open water at the Tempe Town Lake and
Phoenix Lago de Vida. The lakes will be used primarily for boating, with water quality
permitting partial body contact. No swimming would be allowed.

Fishing, sailing, paddle-boating, canoeing, hiking, bicycling, horseback riding, golf, soccer and
softball are a few of the planned recreation activities.

EXISTING BIOLOGICAL RESOURCES

The study area is characterized by three distinct habitat types: desert upland, riparian
forest, and marsh.

The upland community is the predominant habitat on the higher bench areas within the
flood plain. This community is characterized primarily by shrubs along with annual and
perennial herbs and grasses. Shrubs include creosote, catclaw, bursage, desert broom,
saltbush, brittle bush, and saltcedar. Wildlife species that can be found in the uplands
include coyote, badger, various rodents, a variety of reptiles, and avian species such as the
red-tailed hawk, cactus wren, Gambel’s quail, and curve-billed thrasher.

Reaches of the Salt River that receive perennial flows support a narrow riparian community
dominated by willow, cottonwood, and introduced saltcedar. Although saltcedar is an
invader and has formed dense groves covering extensive areas, it does provide some wildlife
habitat, especially for nesting doves. Riparian forests supports a large variety of wildlife
species such as bats, skunks, raccoons, amphibians, reptiles, and a host of birds including
hooded orioles, Abert’s towhees, yellow and yellow-rumped warblers, red-winged blackbirds,
Cooper’s hawks, and various flycatchers. Many of the bird species are neotropical migrants
and depend extensively on riparian communities for feeding and nesting,

Marsh areas exist where surface water and suitable soils are present. Vegetation includes
cattails, bulrush, sedges, rushes and other emergent vegetation. A variety of amphibian and
fish species and a host of avifauna such as rails, egrets, herons, shorebirds, and waterfowl
are dependant upon this habitat type.

[ _ ’
I
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. SPECIAL STATUS SPECIES

The project area provides wetland and riparian habitat for numerous species of fish and
wildlife, including Federal and State listed threatened and endangered species. Five
Federally listed species have been known to occur in the study area. These are the Yuma
clapper rail (Rallus longirostris yumanensis), bald eagle (Haliacetus leucocephalus),
peregrine falcon (Falco peregrinus anatum), brown pelican (Pelecanus occidentalis), and
Southwestern willow flycatcher (Empidonax traillii extimus).

The Yuma clapper rail is presently found in the western end of the study area and is stable
in its numbers. Primary habitat for the Yuma clapper rail consists of mature cattail/bulrush
stands situated in shallow water near high ground. They use marsh habitat for foraging,
nesting, roosting, and loafing. Preservation of this habitat is essential for these rails to
successfully breed and continue to exist in the area.

The bald eagle and peregrine falcon are migrants that are occasionally seen in the study
area. There are no known nest sites in the study area. The brown pelican is often blown
up river from the coast by storms but is not a resident of the study area.

The Southwestern willow flycatcher is considered a rare migrant into the lower Salt River.
Existing vegetative conditions does not provide suitable habitat for this spices.

State sensitive species which may occur in the study area include lowland leopard frog
(Rana yavapaiensis), belted kingfisher (Ceryle alcyon), great egret (Casmerodius albus),
snowy egret (Egretta thula), osprey (Pandion haliaetus), American bittern (Botaurus
lentiginosus), least bittern (Ixobrychus exilis), cactus ferruginous pygmy-owl (Glaucidium

brasilianum), black-necked stilt (Himantopus _mexicanus), black-crowned night heron

(Nycticorax), and white-faced ibis (Plegadis chihi).

Riparian and wetland ecosystems are important resources nationwide. They provide
functions such as food, cover, and travel corridors for terrestrial and aquatic species
including endangered species, neotropical migratory birds, shorebirds, herons and egrets, and
waterfowl. Water quality functions including filtering and removal of nutrients or toxins,
groundwater recharge, modification of flood flows, sediment and streambank stabilization,
and recreational uses are also provided. However, riparian and wetland ecosystems have
been significantly degraded or destroyed by human activity and are much reduced in extent
and disappearing at an alarming rate. According to most estimates, over 90% of the native
riparian areas along Arizona’s major desert watercourses have been lost, altered or degraded
as a result of man’s activities. Riparian areas are now Arizona’s most threatened natural
communities. Nationally 64 wildlife species presently listed as endangered and an additional
47 species being considered for listing are dependent on riparian habitats. Arizona Game
and Fish Department estimates that 75% or more of all Arizona’s native wildlife species
depend on healthy riparian systems during some portion of their life cycle. In addition,
riparian areas are critical to the survival of approximately 60% of the fish and wildlife
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species currently in jeopardy of extirpation from the state of Arizona. All of Arizona’s 27
remaining native freshwater fish species depend entirely on streams, riparian areas and
wetlands for their survival. Also, as many as 50% of bird species in Arizona are found
primarily in riparian vegetation and may be dependent on those habitats. Portions of the
river that contain perennial flows provide important aquatic habitat and support a diversity
of wildlife, including Federally listed endangered species. Riparian habitat should be
afforded a high priority status in any land planning or management efforts because of their
importance to fish and wildlife for biological diversity and recreational activities.

PRELIMINARY ANALYSIS OF PROPOSED PROJECT

It is assumed farming practices would decrease from present level with no change in
irrigation methods. It is also assumed that no additional flood control features would be
implemented or constructed. However, we expect that vegetative clearing would continue
below 91st Avenue by the Flood Control District of Maricopa County. We also expect that
periodic releases from upstream reservoirs would continue to inundate vegetation causing
losses of valuable species such as honey mesquite, cottonwood, and willow. However, these
releases would create high soil moisture resulting in high seed germination of desirable
species such as cottonwood and willow. Under these conditions it is expected the riparian
habitats would return to pre-flood levels. A loss of marsh habitat due to the scouring effects
of the 1993 floods would affect species dependant on and associated with those habitats.
However, it is expected that new wetlands would develop over time in those areas where
high soil moisture is maintained. Local storm flows would continue to provide water to the
riparian and wetland habitats.

The City of Phoenix is presently investigating alternate methods of disposing effluent
wastewater from the treatment plants at 23rd and 91st Avenues. One of the options is to
suspend releases into the Salt River. This would adversely impact the wetland and riparian
habitats maintained by effluent flows. The cottonwood and willow would be more severely
affected than saltcedar by the reduction in effluent flows.

The construction of Tempe Town Lake and Phoenix Lago de Vida would provide open
water habitat that would benefit fish and wildlife resources in the study area. This would
promote the conservation of the Yuma clapper rail by the creation of conditions suitable
for growth of marsh vegetation. Also, waterfowl, shorebirds, and wading birds would
benefit. The construction of approximately 180 acres of open water at the two lakes would
provide opportunities for the creation of a substantial urban fishery. Most urban lakes are
managed on a put-and-take basis. Rainbow trout are stocked during the cooler months
(November through March) and channel catfish are stocked during the warmer months
(April through October). The lakes must exceed 9 feet in depth and have acceptable water
quality to provide these benefits.
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Creating open water areas in abandoned gravel pits outside the flood channel could also
provide habitat for native fish. Prior to modification of flows in the Salt River, a variety of
native fish were likely common in what is now the metropolitan area. Desert and Sonora
suckers, roundtail chub, and longfin dace were likely common. Also, the Federally listed
razorback sucker, Colorado squawfish, spikedace, woundfin, loach minnow and Gila
topminnow were probably found in the lower Salt River. The potential exists for the
reintroduction of native fish into the project area in refugia, holding ponds, or other
experimental sites.

The construction of wetlands at the Tempe Cienega would provide habitat for the
endangered Yuma clapper rail, waterfowl, shorebirds, and wading birds. It would also
increase riparian habitat adjacent to the wetlands. This would provide nesting and forging
habitat for white-winged and mourning doves, migrating neotropical birds, and resident
birds.

Cottonwood/willow habitat is far more valuable to wildlife than most other species of
riparian habitat. The primary constraint for the existence of cottonwood/willow is the
availability of water. By providing a reliable water supply, this habitat type could be
established, benefitting migratory neotropical birds along with many other species of resident
birds, mammals, reptiles and amphibians. Data from riparian habitats and revegetation
experiments on the lower Colorado River indicated that if saltcedar habitats were cleared,
they could be replaced with smaller numbers of honey mesquite, cottonwood and willow
trees and still enhance the area for wildlife.

‘The construction of 180 acres of urban lakes and the restoration of riparian habitat would
result in significant recreational benefits by providing an increase in angling, hunting, nature
photography, birdwatching,and other water based activities.

The ability of these study alternatives to provide fish and wildlife benefits depends on having
water of acceptable quality for the creation of wetlands and riparian habitat.
PRELIMINARY RECOMMENDATIONS .

1. All of the alternatives resulting in the preservation, enhancement or creation of wetland
and riparian habitat should be implemented.
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The Service is available to assist you by providing more detailed information and
recommendations as this study becomes more defined. We appreciate the opportunity to
provide planning assistance in this study. If we can be of further assistance or you have any
questions, please contact Ron McKinstry or Don Metz.

Sincerely,

Sam F. Spiller
State Supervisor

cc:  Regional Director, Fish and Wildlife Service, Albuquerque, NM. (AES)
Director, Arizona Game and Fish Department, Phoenix, AZ.
Chief, Planning Section, Corps of Engineers, Phoenix, AZ.
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IMPORTANCE OF DESERT RIPARIAN HABITATS
"Riparian habitats in the arid Southwest provide forage:, water, and cover for a substantial number
of game and non game species, as well as providing essential components for aquatic life.
Importance of riparian habitats is further evidenced by considering that a majority of special
category wildlife species are obligate riparian inhabitants" (AGFC 1991). As the Arizona Game
and Fish formalized its recognition of the importance of riparian areas as keystones in Arizona’s
ecosystems, it provided specific direction to the areas and open waters. "It is the policy of the
Arizona Game and Fish Commission that the Department shall recognize riparian habitats as areas
of critical environmental importance to wildlife and fisheries. The Department shall actively
encourage management practices that will result in maintenance of current riparian habitat, and
restoration of past or deteriorated riparian habitat in accordance with the Department Wildlife
Habitat Compensation procedures. Further, the Department shall actively encourage the
maintenance, restoration, and protection of instream flows, which are often essential to

maintaining riparian habitat" (AGFC 1991).

Although riparian areas cover a very small percentage of the land in the arid southwest (less then
2%), they are among the most biologically productive of all lands (Rinne 1993). Wetland and
riparian areas are very productive ecosystems that provide important habitat for many wildlife
species in Arizona ( Brown et al. 1979; Ohmart and Anderson 1982; Anderson and Ohmart 1984;
Valencia et al. 1993) and that provide crucial life support functions for a diversity of species
(Jones 1986). Ohmart and Anderson reported thaf 60 percent of vertebrate species in the arid
Southwest are obligate users of riparian areas, and that another 10 to 20 percent were facultative
riparian users. Rinne (1993) reported that current riparian areas have become reduced by more

than 80% compared to historic conditions.

Since pre-historic times, the Salt River has provided the necessities for habitation by people and
wildlife. Those necessities clearly focused on water. During the last century, we have found the
means to capture the what is necessary for human habitation and have inexorably modified the
Salt River to meet our needs. The Salt River channel, as it passes through the cities of Mesa,

Tempe, Phoenix, and Buckeye is a remnant of the river that originally nurtured the area. It’s




waters have been captured for productive human use and its banks have been fortified against the
inevitable floods that can still threaten its banks. In capturing the River, we have lost some of
the values that perhaps first drew people to it. The once lush vegetation nurtured by the river
and its periodic floods has largely been eliminated, and with it the wildlife that depended upon

the water and vegetation for sustenance and refuge.

The proposed Rio Salado/Lago de Vida projects present the opportunity to restore some of the
values that originally made the banks of the Salt River a habitable place. By essentially
recreating a river within the River a critical portion of the riparian habitat once present could be
restored. This is by no means a simple undertaking in that many of the benefits accrued to the
public with the construction of major dams on the salt river and the institution of flood
management are to be maintained. The challenge of securing a water source is considerable.
Further, the risks to artificially created streambeds and wetland/riparian zones from future
flooding are real if the facilities and restored habitats are not designed to take advantage of the

hydrologic actions of flood flows rather than to stand in the face of them.

URBAN FISHING AND FISH HABITAT OPPORTUNITIES AND RIO SALADO
RECONNAISSANCE
Background- Urban Fishing

Arizona’s urban fishing program was first evaluated in the late 1970s (Edwards and Okamoto,
1980), and became a regular program of the Arizona Game and Fish Department in 1983. The
program is a cooperative venture between the Department and municipalities, with urban fishing
license sales and city grants ($560/acre of water) financing the management of the lakes. The
lakes are stocked 26 times per year (Watt, 1986) with rainbow trout (November through March)
and channe] catfish (April through October). The lakes are managed on a put-and-take basis,
with the expectation that virtually all of the stocked fish will be harvested (76% harvest rainbow
trout; 87% harvest channel catfish 0 Watt and Parsons, 1990). The goal of the program has been
to provide a local recreational fishery to urban residents and a site where urban youth can be
introduced to sport fishing (Watt and Persons, 1990). These are currently 12 lakes in the Tucson
and Phoenix metropolitan areas in the program (a 13th will be added in February 1995), ranging
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in size from 3 acres to 25 acres in size (Watt and Persons, 1990; AGFD Fisheries Branch, pers.

com. 1994).

Licensing to fish and urban lake is specific to the program. Urban anglers purchase a special
license, and a general fishing license is not required. Youth under 14 and Pioneer license holders
do not require an urban fishing license. Income form the city grants is managed in a Urban Trust

Fund, and those monies may only be expanded for the Urban Fishing Program.

License sales have climbed steadily since 1983, and appear to be related to the number of acres
of urban fishing opportunity available (Watt, 1985; Watt and Persons, 1990). Urban lakes have
demonstrated the highest angler use measured in Arizona, ranging from 3 angler hours per acre
per day to 96 angler hours per acre per day (Watt, 1986). Watt and Persons (1990) reported an
avérage of 2 anglers observed per acre at urban lakes based upon instantaneous angler counts.
Based upon all surveys (including incomplete trips) they estimated a total of more than 700,000
angler hours per year (or about 7,000 angler hours of recreation per acre per year) on the urban
lakes. Using average duration of completed trips (4.6 hours), they estimated total use at just over

1 million angler hours.

Criteria for urban lakes are rather simple. Lakes are expected to exceed 3 surface acres; have a
maximum depth that equals or exceeds 10 feet; have acceptable water quality; and have public
use facilities including restrooms, access, and parking. The use of effluent in urban lakes have
been problematic in the past. The relatively higher nutrient loads and fertility of effluent of the
results in algal blooms or macrophyte growth that may increase pH to unacceptable levels. When
pH climbs above 9 t0 9.5, fish mortality may be imminent. Lake temperatures may also constrain
the timing or duration of rainbow trout stockings. If wastewater is to be used in an urban fishing
environment, nutrient levels must be controlled. Polishing wetlands that remove nutrient loads

may be very useful in raising water quality to acceptable levels.

Note: The criteria for entry into an urban management program is pretty simple. The lakes are

(or can be) managed as put-and-take fisheries. Thus little is expected of those waters in terms




of supporting fishes over an extended period. Many urban lakes are also managed for a resident

population of warmwater fishes; a more sensitive set of requirements apply here.

MINIMUM WATER QUALITY STANDARDS ARE:
pH cannot exceed 9.0 and temperature cannot exceed 70 F for stocking of rainbow trout.
pH cannot exceed 9.5 for stocking of channel catfish.
These are the primary management species for urban fishing. As productivity of waters increases
(N&P), then the potential for algal blooms or macrophyte production that may increase pH above
tolerable levels for fishes could limit the utility of a body of water as an urban fishery. N/P
ratios are particularly important in determining the productive capacity of these waters. Eutrophic
systems will be more susceptible to summerkills due to high pH and low DO. Some attention
should also be paid to Nitrite levels. There are issues with some fishes with regard to Nitrite

toxicity (channel catfish).

The R3 reports metals issues. Metal toxicity is to some extent mediated by water hardness.
Attention should be paid to anticipated hardness, to evaluate potential toxicity of metals and

possible implications.

Accumulation of metals and organics in sediments may need to be addressed. Periodic flushing

by flood flows may address this question adequately.

Background - Native Fishes
The majority of the fishes currently managed in Arizona for sport purposes are nonnative (the
exception being native Apache trout and roundtail chub). Prior to modification of Arizona’s
rivers and native fish community, a variety of native fishes were likely common to the Salt river
valley in what is now the metropolitan area (Minckley, 1973). Desert and Sonora suckers
(Catostomus Clarki and Catostomus insignis) were likely common, and currently are still rather
common in the Salt and Verde rivers above Granite Reef Diversion Dam. Roundtail Chub (Gila
robusta) and long fin dace (Agosia chrysogaster were also likely be common, Roundtail chub is

species (Category 2). Razorback sucker (Xyrauchen texanus), Colorado squawfish (Ptychocheilus
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lucius), spike dace (Meda fulgida), woundfin (Plagopterus argentissimus), loach minnow
(Rhinichthys cobitis) and Gila topminnow (Pociliposis occidentalis), all listed as Federal
Threatened or Endangered Species, also like made up part of the historic fish fauna of the lower
Salt river. This fish fauna has been radically modified due to modification of stream hydrology

(habitat modification) and introduction of nonnative fishes (predation and competition).

Much of the historic (pre-1880) fauna has been eliminated from the Rio Salado Recon area.
While the likelihood of fully restoring these fishes in this ares (through reintroduction) are
limited, there may be some opportunities. The constraints include the significant nonnative fish
fauna that would be contributed intentionally (stocking for recreation) or unintentionally (potential
fish movement from upstream locations or illegal stockings) and availability of water. It would
be possible to look to reintroductions of listed or not-yet-listed native fishes in the project area
as refugia, holding ponds, or experiment sites. Not likely constraint that the Corps and the
municipalities would need to take under advisement is that reintroductions of listed species would
be fully protected by the Endangered Species act, unless they were identified as non-essential,

experimental pollution under a rule making process by the Fish and Wildlife Service.

Opportunities-Urban Fishing
Opportunities associated with the Rio Salado include construction of open water sites that exceed
9 feet in depth and 3 surface acres in extent as potential fisheries. These sites could be managed
as Urban Fishing Lakes, with special intensive management and stocking, or as self supporting
city lakes. Experience has suggested that attempting to manage these kinds of waters without
intensive attention rarely meets public angling expectations. With an approximate 300 acres of
available Urban Waters made available (Rio Salado and Lago de Vida), considerable economic
benefit can be expected to local economies and considerable angling recreation opportunity can
be generated. Watt and Persons (1990) reported 226,552 visits to urban lakes in 1987-88

(approximately 2,490 angler visits/acre - computed at 91 acres in the program at the time).

There are significant recreational benefits that can be accrued to the local community. 300 acres

of urban lakes could generate up to 747,000 angler visits. Urban angling recreation serves the




local community. Watt (1986) reported that urban lakes draw recreationists from the nearby
neighborhood in high density urban areas. On average, urban anglers traveled from 7 to 11 miles
one-way to their urban lake. About 71% of all of the urban anglers contacted by Watt (1986)
reported that they traveled 10 miles (one-way) or less to their urban lake. A small percentage

of urban anglers traveled more than 20 miles (one-way) for the opportunity to fish an urban lake.

Daily expenditures by anglers were estimated by the US Fish and Wildlife Service (1993) at
approximately $67 per day in 1990 dollars. (Caution should be used in grossly applying this
estimate. It was derived from census interviews of anglers in general, who often travel distance
to fish and includes food, lodging, bait, fuel, and equipment expenditures that may not be
applicable to urban angling.) That could generate a raw expenditure in the local economy of $50
million. The Arizona Game and Fish Department estimated the daily expenditures of Urban and
Fish Department estimated the daily expenditures of Urban Anglers at approximately $28 million
could be contributed to the local economy. Even with a more conservative estimate of $10
expenditure per angler day, raw expenditures could reach $7.5 million. The value of those

expenditures in the local economy are significantly greater than the raw expenditures themselves.

Other, non-urban, angling opportunities could be generated by restoration activities in the western
half of the Rio Salado Recon Study area. The area currently gets angling pressure directed at
naturally reproducing warmwater fish populations that occur in reliable pools in the Salt River
channel. There are issues to contend with, however, in that accumulated organics (largely
pesticides) in the river sediments have required a human health advisory for consumption of those
fish. A human health risk assessment has been completed from 59th avenue downstream and
anglers are advised not to consume fish from the sea. A similar assessment will be necessary for

areas above 59th avenue.

Opportunities - Hunting Recreation
Riparian restoration in the western, more rural portions of the Rio Salado Recon Study area
would create additional nesting habitat for white-winged and mourning dove. There is

considerable hunting pressure for these species along the Salt and Gila rivers in western Maricopa
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County. Daily hunter expenditures are estimated at approximately $101 per hunter day (US Fish
and Wildlife Service 1990).

Opportunities - Nonconsumptive Wildlife Associated Recreation
Nonconsumptive wildlife recreation (nature photography, birdwatching, etc.) is an important
component of any view of riparian restoration benefits in Arizona. Riparian restoration along
Arizona’s rivers provides a significant boon to migratory birds (neotropical migrants), and in-turn
provides Opportunities for nonconsumptive recreation. There is significant tourism and visitation
to Arizona for bird watching, in particular. The US Fish and Wildlife Service (1993) reports an
estimated 435,000 Arizonans participate in nonconsumptive wildlife recreation away from their
primary residences. total participation (Arizona residents and nonresidents) in nonconsumptive
wildlife recreation away from a primary residence was estimated at 820,000, making expenditures
of $187 million for trips and expenditures. While it may be difficult to quantify the exact increase
in participation in such activities should riparian restoration activities by undertaken in the Rio

Salado Study area, those values should not be ignored.

Opportunities - Native Fishes
Native fishes of the Southwest are a rare resource. Creating openwater habitats for native fishes
could provide a number of opportunities. Rearing and refuge areas could be developed as part
of a Rio Salado project. Open water areas and reservoirs (abandoned gravel pits outside of the
flood channel) could be utilized for restoration, experimentation, or environmental interpretation

for native fishes.

There are many constraints to using the area as a restoration or refugium site, not the least of
which is the federal status of many of the native fishes. If listed fishes were stocked as part of
a Rio Salado project, they would be afforded the full protection of the Endangered Species Act.
the only exception to this would be the opportunity to list reintroductions in the vicinity as
"Experimental, Non-essential" under Section 10 of the Act. This requires a rule-making action

on the part of the US Fish and Wildlife Service, and one that seems unlikely at this juncture.




We would be unable to assure the security of reintroduced stocks of native fishes. Native and
nonnative fish interactions are in an important constraint on the recovery of native fishes. The
sites that would provide some opportunity for reintroduction in the Rio Salado Study area are
highly modified and subject to continued human modification. Clearly, we will not be able to
restore the historic hydrology (annual floods and perennial flow) of the lower Salt River through
a Rio Salado project. Nor are we likely to be able to remove the influence of nonnative fishes
from the river corridor. There could, however, be opportunities to work with fishes that are not
yet listed or to work in sites that are isolated from frequent influences by floods (gravel pits that

may be serving as reservoirs for Rio Salado/Lago de Vida lakes).
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SUBJECT: Costs related to Stocking Urban Fishing Waters

DATE: February 15, 1995

You inquired about stocking costs. There are two ways to address
this question, 1) stocking to meet an intensive use fishery (like
a designated Urban lake, or 2) stocking to provide a self-
sustaining populatien.

The answer to the second question is pretty straight forward.
Costs can be minimal. 1Initial stockings of fingerling (-3 in.)
warmvater f£ish species can be made to initiate a filsh community in
a newly created lake. These stockings can be accomplished at a
minimal cost. The fisheries manager takes advantage of the new
habitat to allow for growth and [if habitat is acceptable] natural
reproduction. Our experience suggests that many small impoundments
that are heavily utilized [like lakes in urban parks] may not be
able to support an acceptable number of quality sized fish to meet
the public’s desires. This is usually associated with heavy
fishing pressure and intensive removal of fishes.

In answer to this issue, the Department has developed intensive use
stocking programs for selected waters. The Urban Fishing program
is the ultimate extension of strategy. Meeting the intensive use
expactations of anglers requires stocking “catchable" sized fish.
In our Urban Fishing program, adult anglers (over the age of 13)
that desire to fish at a designated Urban Lake purchase a special
license. Revenues from those license sales are used to finance the
program, along with a contribution frem the participating
municipality (based on a per water surface acre acsessment). The
commercially purchased "catchable" fish are priced and stocked by
the pound:

BPECIES No., /pound Cost/pound Stocking Rate
Rainbow Trout 3 $1.89 34 lbs/acre
Channel Catfish 2 $.73 « Sl.23 100 lbs/acre




Rainbow trout are stocked November - March (requiring the cooler
wvater temperatures of winter months in the desert), and channel
catfish are stocked April < oOcteber. Stockings are made bi-weekly.
Routine stockings are necessary because of the intensive removal of
the stocked f£isgh by anglers. Stockings may be supplemented at
times with "incentive fish" ~ a few individuals that exceed the
normal size of stocked fish - as a marketing incentive.
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FISHERIES COSTS
The following per-year fisheries costs are based upon information provided in the February 15,
1995 memo from the Arizona Game and Fish Department, and an assumed stocking frequency
of once every two weeks:
Town Lake
Rainbow Trout: (2x/Month x 5 Months) x $1.89 x 34 Ibs/acre = $128,520
Catfish: (2x/Month x 7 Months) x $1.00 x 100 Ibs/acre = $280,000

Lago de Vida

Rainbow Trout: (2x/Month x 5 Months) x $1.89 x 34 Ibs/acre = $77,112
Catfish: (2x/Month x 7 Months) x $1.00 x 100 Ibs/acre = $168,000
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WATER QUALITY- EXISTING CONDITIONS AND OPPORTUNITIES
RIO SALADO RECONNAISSANCE STUDY

L INTRODUCTION

The purpose of this report is to describe, based on existing data, surface and groundwater quality
in the Rio Salado project study area and to identify opportunities for water quality improvement.
The Rio Salado study area is defined to be the area in the vicinity of the Salt River from the
confluence with the Agua Fria River, upstream through the City of Phoenix to the eastern

boundary of the City of Tempe. The study area is shown on Figure 1.1 of the main report.

The report begins with a discussion of some of the state and federal water quality standards,
follows with discussion of the quality and quantity of surface and groundwater in the study area

and ends with a discussion of water quality opportunities.

In summary, this investigation found that there are significant surface and groundwater quality
problems in the study area. The quality of urban storm runoff from the Phoenix metropolitan
area is highly variable and frequently exceeds water quality standards for bacteria, pesticides,
petroleum products, metals, and nutrients. The quality of this urban runoff is summarized in
Tables 9 and 10. Much of the shallow groundwater in the vicinity of the western part of the
project has elevated levels of TDS, chloride, and nitrate and areas of high and low levels of

volatile halocarbons are present in many areas. These areas were located and are shown on




Figures 5.13 - 5.15 of the main report. The water quality problems in the study area also present
opportunities for remmediation through constructed wetlands and for preservation, enhancement,

and creation of riparian habitat.
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IL WATER QUALITY CRITERIA

The Environmental Protection Agency (EPA) and the State of Arizona have established
water quality criteria which vary for parameters depending on the designated use of the water.

Uses fall into one of the following categories:

Designated Uses
A&Wc Aquatic and Wildlife (cold water fishery)
A&We Aquatic and Wildlife (ephemeral)
A&Wedw | Aquatic and Wildlife (effluent dominated) water)
A&Ww Aquatic and Wildlife (warm water fishery)
AgL Agricultural Livestock Watering
Agl Agricultural Irrigation
DWS Domestic Water Source
FBC Full Body Contact
PBC Partial Body Contact
FC Fish Consumption
WTP Water Treatment Plant
WWTP Waste Water Treatment Plant

Arizona has established designated uses for navigable waters within the Rio Salado study

area including the Salt River and Indian Bend Wash. Designated uses for these streams include




partial body contact, fish consumption, aquatic and wildlife categories, and agricultural categories.
These uses by stream reach are shown below in Table 1. Criteria for selected parameters are
summarized in Table 2. For some parameters the water quality criteria are determined from
characteristics of the water source. For example, the ammonia criteria is a function of designated
use, water temperature, and pH. For several metals, the criteria for aquatic and wildlife uses is
based on designated use and water hardness (measured as CaCQ,) and must be computed with
an equation with water hardness as an input variable. The equations needed to calculate the
criteria for these metals and criteria for other parameters not shown in Table 2 are contained in

Arizona Administrative Code (ADEQ), Title 18, Ch. 11, Appendix A.

Table 1
Designated Uses of Waterways within the Rio Salado Study Area

Salt River (2 km below Granite Reef Dam to the
1-10 bridge)

Agquatic and Wildlife (ephemeral)
Partial Body Contact

Salt River (I-10 bridge to the 23rd Avenue
WWTP)

Aquatic and Wildlife (warm water fishery)
Partial Body Contact

Salt River (23rd Avenue WWTP to the Gila
River
Confluence)

Aquatic and Wildlife (effluent dominated water)
Partial Body Contact

Fish Consumption

Agricultural Irrigation

Agricultural Livestock Watering

Indian Bend Wash

Aquatic and Wildlife (warm water fishery)
Partial Body Contact
Fish Consumption

Indian Bend Wash Lakes

Aquatic and Wildlife (warm water fishery)
Partial Body Contact
Fish Consumption

Source: Arizona Administrative Code, ADEQ, Title 18, Ch.11, Appendix A.




Table 2
Numeric Water Quality Criteria (ADEQ) - Selected Parameters

TSS NS NS NS NS NS NS NS NS NS NS NS
TDS® NS NS NS NS NS NS NS NS NS NS NS

Chloride® NS NS NS NS NS NS NS NS NS NS NS

Fluoride 4000 NS NS NS NS NS NS NS NS NS NS

(ppb)

Nitrate 10,000 NS NS NS NS NS NS NS NS NS NS

(ppb)

F. Coliform 4000/1000 4000 1000 800 200

(cfu/100ml)

Arsenic 50T | 31T 2800 T 360 D 190 D 360 D 190 D 440 D 230D | 2000T | 200T

(ppb)

Cadmium 5T 83 T 70T © 0 ® @ @ ® 50 T 50 T

(ppb)

Copper 1000 D NS 5200 D @ @ @ ® @ @ { s000T | so0T

(ppb)

Lead (ppb) 50 T NS NS © © ® & @ © @1 10T

Mercury 20T | 06T 2T 24 d 001 D 26D 02D 5D 27D NS 10T

(ppb)

Silver (ppb) NS NS NS © NS @ NS © NS NS NS

Zine (ppb) 5000 T NS 28,000 @ @ ® @ © ® 10000 | 2500
. 0T




Table 2 (cont.)
Numeric Water Quality Criteria (ADEQ) - Selected Parameters

A&Ww | A&Ww A&Wedw | A&Wedw | A&Wwe | A&Wwe

Parameter DWS FC PBC (acute) (chronic) (acute) (chronic) (acute) (chronic) | Agl | AgL
TCE (ppb) 5 78 NS 20000 1300 20000 1300 20000 1300 NS NS
PCE (ppb) 5 1 4000 6500 680 6500 680 15000 1600 NS NS
"TCA (ppb) 200 160000 13000 2600 1600 2600 1600 2600 1600 NS NS
Benzene 5 120 470 2700 180 11000 700 NS ‘NS NS NS
DBCP 0.2 NS NS NS NS NS NS NS NS NS NS
Chloroform 100 590 1400 14,000 900 14,000 900 NS NS NS NS

(1) Water with concentrations above 250 mg/l has a salty taste.

(2) Water with TDS content of less than 500 mg/] is most desirable for domestic use.

(3) Criteria based on hardness, see Arizona Administrative Code (ADEQ), Title 18, Ch.11, Appendix A for equations.

T = Total Recoverable

D = Dissolved

NS = No Standard
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III. SURFACE WATER

This section describes the quantity and quality of surface water in the Rio Salado Study
area. Sources of surface water include runoff from the Salt River and Indian Bend Wash
watersheds, urban storm runoff from the Cities of Tempe and Phoenix, and sewage effluent from

municipal waste water treatment plants.

3.1 Salt River

The Salt River is the largest tributary of the Gila River and drains an area of
approximately 13,700 mi® within the northern and eastern portions of the State of Arizona. The
topography of the drainage area is extremely irregular and rugged, with elevations commonly
exceeding 7000 feet, and, at San Francisco Mountain in the Verde River basin, exceeding 12,000
feet. The Verde River is the main tributary of the Salt River and includes 6,620 mi” of the Salt

River drainage.

Several dams are operated on the Salt and Verde Rivers by the Salt River Project (SRP)
to provide water supply, hydroelectric energy, and flood control (upon completion of Roosevelt
Dam modifications) to the populace of the Salt River Valley, in Maricopa County. These dams
are shown on Figure 2.1 of the main report and their approximate storage capacities at normal

water surfaces are listed in Table 3.




Table 3

Salt River Project Dams - Salt and Verde Rivers

Roosevelt Salt River , 2,100,000"
Horse Mesa Salt River 245,000
Mormon Flat Salt River : 58,000
Stewart Mountain Salt River 70,000
Horseshoe Verde River 131,000
Bartlett Verde River 178,000
) Includes 565,000 ac-ft of flood control storage and 270,000 ac-ft of
new conservation storage which will be available once the
modifications to Roosevelt, currently in progress, are completed.

The climate of the Salt River Basin is generally serhiaiid, depending upon its elevation.
At lower elevations it is hot and arid, while at higher elevations it may be cool and humid.
Average annual precipitation in the basin ranges from less than 8 inches in the Phoenix vicinity
to more than 30 inches in the highest mountains, and it is about equally divided between the

summer and winter seasons.

3.1.1 Peak Discharge Frequency Analysis. Discharge frequency values for the Salt

River in the vicinity of the Rio Salado study area were adopted from the Cliff Dam Alternatives




study completed in 1988. The adopted discharges include a modified Roosevelt Dam. The dam
is currently being raised, and upon complétion, will have a 565,000 ac-ft flood control pool and
will gain 270,000 ac-ft of conservation storage. A complete technical analysis of the impacts of
this enlarged structure on the Salt River has not yet been completed. Currently, a water control
plan for regulation of the flood control pool is being developed in the Section 7 for Modified
Roosevelt Dam by the Los Angeles District , in cooperation with the U.S. Bureau of

Reclamation. The discharge frequency values are presented in Table 4.

Table 4

Salt River Peak Discharge Frequency Values

FREQUENCY, in years
Location 5 10 20 50 100 200 500

Confluence 45,000 85,000 115,000 145,000 175,000 210,000 275,000
with Verde

Mill Ave 44,000 84,000 110,000 135,000 160,000 190,000 250,000
Bridge

Above 40,000 75,000 110,000 125,000 150,000 185,000 240,000
Confluence
with Gila
River




3.1.2  Volume of Salt River Flows. Granite Reef Dam is the last SRP dam on the
Salt River and is located about 10 miles downstream from Stewart Mountain Dam and about 14
miles upstream of Tempe. Most of the water reaching Granite Reef Dam is diverted into the
SRP canal system for agricultural, municipal, and industrial water use. Spills over Granite Reef
are either caused by flooding or releases from upstream reservoirs. In March of 1994, SRP
completed a period of record analysis for the Roosevelt Dam Water Control Study. Under 1995
storage conditions (including new conservation storage at Roosevelt) and demand, the monthly
operation of the SRP reservoir system was simulated and the monthly total spill release at Granite
Reef was estimated. The average annual spill was 247,000 ac-ft, but during 71 of the 105 years
(68%) modelled, there were no spills over Granite Reef Dam. The simulation also showed 16
periods (1 year or greater) of no spills ranging from 1-12 years. The average duration of no spill
period was about 4.4 years. The results of the simulation are shown in Figure 2.2 of the main

report.

3.1.3 Quality of Salt River Flows. Flow originating from the Salt River watershed
upstream of the Phoenix metropolitan area is génerally of good quality. Salt River flows
maintain a sodium chloride character both above and below Roosevelt Dam. This is due to salt
springs upstream of Roosevelt Lake which contribute water high in mineral content. Verde River
water has a lower TDS content than Salt River water and tends to lower the overall TDS content
in flows downstream of their confluence. SRP reported TDS concentrations in the Salt and Verde
Rivers above Granite Reef Dam as averaging 550 mg/l and 280 mg/] respectively in 1989 (Graf
1994) and ranged from 990 to 1,460 mg/l in the Salt River above Roosevelt Lake in 1993

(SRP,1993). Flows in the Salt River commonly violate quality standards for fecal coliform
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bacteria, as would be expected. Table 5 presents selected results from recent water quality
sampling on the Salt River in the Phoenix area. These samples were taken prior to and during
the high flows of January and February 1993. High levels of fecal coliform and fecal

streptococci  were detected in the first sample taken in August 1992

11

l Table 5
Salt River Water Quality Data
. Discharge (cfs) || 16,500 1140 10 8600 47,800 25,500
| Temperature i 25.5 13 13 12 1
Celsius)
l D. Oxygen (mg/l) 56 59 102 8.1 8.7 7.7
COD (mg./l) 33 12 25 17 39 13 23
l BOD, (mg/l) 10 30 7 <5.0 <5.0 11
Fecal Coliform 3000 450 290 100 768
(cfu/100ml)
' Fecal Streptococci 3400 48 540 1300 230 1103
(cfu/100m)
Alkalinity (mg/l) 147 114 123 105 122
I Sulfate (mg/1) 41 72 38 26 20 39
Chloride (mg/l) 140 150 92 83 21 97
l Nitrate Nitrogen 0.13 <0.5 <0.5
(mg/l)
PhosPhorous I 0.08 0.03 0.09 0.43 0.2 17
' (mg/h)
Cadmium (ug/1) <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
' Chromium (ug/l) 25 1 8 8 | 15 6 11
Copper (ug/D 300 2 3 6 25 13 58
' Lead (ug/l) 27 <1 <1 3 22 7 10
Mercury (ug/I) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nickel (ug/1) 49 2 2 4 21 10 15
' Zinc (ug/l) 120 <10 <10 <10 50 <10
Source: Marlco a Coun 8' Flood Control Dlstnct
l 1 Samples Collected by the USG




3.2 Urban Storm Runoff

3.2.1 Climate. The Phoenix metropolitan area has a hot arid climate with
an average annual rainfall of about 7.6 inches. Most of the precipitation occurs in two
distinct seasons, summer (July through September) and winter (December through March),

and is about equally divided between them. The monthly distribution of rainfall is described

as follows:
MONTH AVERAGE PRECIPITATION(INCHES)
January 0.79
February 0.63
March 0.85
April 0.23
May 0.19
Juhe 0.17
July 0.77
August , 1.07
September 0.74
October 0.69
November 0.56

December 0.91
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Monthly, seasonal, and annual precipitation amounts vary considerably from year to year.
During any season there may be long periods of no rainfall and therefore long periods of no local

runoff.

3.2.2 Watersheds and Qutfall Locations. The major sources of urban storm water

in the Rio Salado sfudy area are from the many storm drains which have outfalls to the Salt
River. In Phoenix, there are more than 50 storm drains with outfalls to the Salt River. These
drains collect runoff from over 100 mi®>. In Tempe, five major urban watersheds with outfalls
to the river were identified (Ref. 6 - Technical Memorandum #5). The major urban watersheds
with a combine drainage area of about 267 mi*: Indian Bend Wash, Price Road Drair;, Farmer
Avenue drain, Scottsdale Road drain, Dobson Road drain, and Pima Freeway drain which drains
an area within the Salt River Pima-Maricopa Indian Community. All of the outfalls in the study

area are shown on Figures 5.11 and 5.12 of the main report.

The single largest watershed is Indian Bend Wash with a drainage area of about 120
mi’ below the Granite Reef Aqueduct. The wash was improved for flood control as part of a
Corps project and is now a greenbelt with a system of parks, golf courses, and lakes. The

discharge frequency values for the wash are presented in Table 6.
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Table 6

Discharge Frequency Values
Indian Bend Wash at the Salt River

10 8000
25 14,000
50 21,000
100 30,000

3.2.3 Runoff Estimates.  Very little information is available regarding the quantity of
urban storm runoff in the Phoenix area and therefore the rainfall/runoff relationship is also not
well defined. In order to estimate the quantity of urban runoff, basin characteristic such as
drainage area and land use were obtained from the Cities of Phoenix and Tempe. The following
simple relationship was used to generate rough estimates of annual runoff and runoff resulting

from the 10-yr 24-hr storm:

Volume = XCiA

where:
X = Conversion Factor
C = Effective runoff coefficient
i = Total Precipitation (inches)

A = Drainage Area (mi)

14
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Effective runoff coefficients were obtained from both cities and are based on land use and local
Storm Water retention practices. A 10-yr 24-hr rainfall of 2.4 inches was determined from
NOAA Atlas II and an annual rainfall amount of 6.77 inches was adopted from the results of an
analysis by CH2M Hill. While the average annual rainfall in the Phoenix area is about 7.6
inches, it was determined that only about 6.77 inches falls during storm events greater than 0.1
inches. Storm events of less than 0.1 inches are less likely to produce runoff and therefore 6.77
inches could be an estimate of the effective annual rainfall for the study area. The hydrologic
characteristics for the urban areas and resulting runoff estimates are presented in Tables 7 and

8.

Two of the urban watersheds, Indian Bend Wash and the Price Road Tunnel, have storage
capacity which may significantly reduce runoff. Indian Bend Wash has a series of 200 lakes,
with a total surface area of about 200 acres and about 1,500 ac-ft of storage (CH2M Hill, 1991).
The Price Road tunnel is a 15,700 foot siphon with a storage capacity of about 118 ac-ft. For

this analysis, these storage volumes were considered to be unavailable during storm runoff.
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Table 7
Hydrologic .Characterisfics and Ruanf Estimates I
City of Phoenix Storm Drains
i
i
SRO1 332 50 30 20 049 589 209 '
SR02 338 84 5 11 0.64 775 275
SRO3 2.90 81 8 11 045 473 168 '
SR04 4.47 77 14 9 0.49 788 279
SRO5 2.82 82 6 12 0.67 681 242 '
SR06 745 94 1 5 045 1208 428
SRO7 0.92 94 3 3 0.64 214 76 ‘
SRO8 5.69 85 3 12 0.41 844 299 '
SR09 923 98 1 1 0.62 2048 726
SR10 1.46 94 0 6 044 230 81 l
SR11 0.08 100 0 0 0.84 25 9
SR12 0.28 100 0 0 047 48 17 l
SR13 13.89 95 0 5 0.33 1644 583
SR14 0.12 100 0 0 0.74 32 11 '
SR15 1.93 94 0 6 043 301 107 '
SR16 0.08 100 0 0 0.85 25 9
SR17 1.14 90 0 10 0.58 239 85 .
SR18 420 99 0 1 0.57 858 304
SR19 3.85 85 0 15 048 662 235 I
SR20 540 90 0 10 044 853 302
SR21 0.98 95 0 5 0.90 318 113 l
SR22 0.74 100 0 0 0.90 240 85
i
1 |
i




Table 7 (cont.)
Hydrologic Characteristics and Runoff Estimates
City of Phoenix Storm Drains

SR23 0.14 80 0 20 0.80 41 14
SR24 424 86 0 14 0.36 548 194
SR25 0.20 0 85 15 0.84 61 21
SR26 0.02 77 0 23 0.78 6 2
SR27 3.04 87 . 0 13 0.35 389 138
SR28 0.17 100 0 0 0.90 54 19
SR29 0.50 32 0 68 0.33 60 21
SR30 238 18 82 0 0.24 209 74
SR31 2.86 47 32 21 022 228 81
SR32 1.42 76 1 13 0.38 195 69
SR33 1.32 85 0 15 043 206 73
SR34 0.04 74 0 26 0.47 7 2
SR35 2.34 65 5 30 0.29 247 88
SR36 1.90 67 5 28 0.25 170 60
SR37 0.60 85 0 15 0.44 95 34
SR38 1.80 56 49 5 022 141 50
SR39 434 68 23 9 0.39 607 215
SR40 0.50 85 0 15 0.64 115 41
SR41 0.06 95 0 5 0.67 14 5
SR42 0.22 90 0 10 0.65 51 18
17




Table 7 (cont)
Hydrologic Characteristics and Runoff Estimates
City of Phoenix Storm Drains

18

'
|
i
|
|
SR43 0.02 100 0 0 0.70 5 2
SR44 0.13 100 0 0 0.70 3 1 '
SR45 1.24 90 0 10 0.50 226 80
SR47 * * * * * * * '
VSR48 * * * * * 786 *
SR49 7.40 * * * 0.29 27 279 l
0C01 0.13 * * * 0.60 18 10 '
0C02 0.21 * * * 0.24 85 6
0C03 0.39 * * * 0.60 95 30 l
0Co04 0.75 * * * 0.35 35 34
0C05 0.25 * * * 0.39 34 13 l
0Co06 0.32 * * * 0.30 52 12 '
0Co7 043 * * * * * 18
I
* Data Unavailable
Data Sources: Land Use, Drainage Area, and Runoff Coefficients from City of Phoenix l
10-yr 24-hr Rainfall of 2.4 inches from NOAA Atlas II
i
|
|




Hydrologic Characteristics and Runoff Estimates
City of Tempe Drainage Basins

1991, by CH2M HILL)
The 10-yr 24-hr rainfall of 2.4 inches was determined from NOAA Atlas II.

Source: The hydrologic characteristics and annual runoff estimates are from reference __ (City of Tempe, Rio
Salado Water Resources Master Plan, Draft Technical Memorandum 5, Storm Water Management, June
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Table 8

DO-1 213 89 5 6 0.03 222 79 i
PI-1 7.6 3 97 0 0.02 58 21
PI-2 10.0 5 95 0 0.00 13 5 ;
PR-1 1.6 100 0 0 0.33 211 75
PR-2 34.0 91 9 0 0.06 828 294
PR-3 4.0 100 0 0 0.03 53 19
PR-4 40.2 27 54 19 0.05 799 283
PR-5 184 60 14 26 0.03 246 87




3.2.4 Storm Water Quality. Storm runoff from the Phoenix metropolitan area can
contribute to both surface and groundwater degradation in the study area. Much of the metropolitan
area is drained by storm sewers which discharge directly into the Salt River. Estimates of the runoff
from these areas is presented in Tables 7 and 8. In other areas, urban runoff is collected into
percolation basins or discharged into dry wells.  Concentrations of bacteria, metals, turbidity,
petroleum products, pesticides and nutrients, and pesticides in urban storm runoff commonly exceeded
exceed water quality standards. Because of the intermittent and high variability of rainfall and runoff
in central Arizona, quality of urban runoff in the study area is also highly variable but is generally of

poor quality.

The USGS (Lopes, 1992) investigated the properties of urban storm runoff in Maricopa County.
Storm runoff samples were collected from four drainage basins with residential, light-industrial, heavy-
industrial, and undeveloped land uses. Three of the basins are tributary to the Salt River and have
outfalls which are on or contribute to an outfall within the Rio Salado study areca. These three basins
are located at 48th Street, 27th Avenue, and an channel at South Mountain Park, and represent light
industry, heavy industry, and undeveloped areas. The fourth basin is a tributary to the Agua Fria River
and is primarily residential. Selective mean concentrations for all four basins were: fecal coliform,
4,800 colonies per 100 milliliters; fecal streptococci, 9,100 colonies per 100 milliliters; dissolved solids,
81 mg/l and suspended solids, 607 mg/l. The largest concentrations of constituents were from 27th
Avenue which represents a heavy industrial area. The insecticides DDT and DDE were also measured

from the 27th Avenue basin. These are probably residual insecticides from the 1950’s and 1960’s
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i
l when large areas of the Phoenix metropolitan area were still used for agriculture. Complete summary
statistics for the USGS study are presented in Table 9.

I Table 9

' Summary Statistic for USGS Investigation of Storm Water Quality - Maricopa County

] L
Conductance 266 52 128 99 15

l S. Solids (mg/1) 3390 <1 607 229 16
Dissolved Solids (mg/1) 158 35 81 76 |. 14

' Fecal Coliform 11,000 970 4800 4600 15
(col/100ml)

' ?c%c;; %treptococci 26,000 1000 9100 8500 15
COD (mg/) 21,000 <10 1900 140 15

l BOD (5-day;mg/I) 3600 <5 310 30 14

. Amonia, total (mg/1) .89 07 39 38 15
Nitrite + nitrate (mg/1) 4.7 42 1.3 77 15

' Nitrogen, amonia + 3 .60 1.74 1.70 15
organic (mg/1)

l Phosphorus,total (mg/1) 1.70 11 .53 43 15

. Arsenic, total (ug/l) 21 2 7.7 5.0 17

I Cadmium, total (ug/l) 6 <1 1.5 1.0 17
Chromium, total (ug/l) 120 <1 24 10 17

l Copper, total (ug/l) 320 7 110 52 10
Lead, total (ug/1) 620 8 140 51 17

l Nickel, total (mg/I) 120 4 37 17 17
Zinc, total (ug/l) 980 30 300 170 17 ‘

l i(;luzrgga’ ’Sre.:}c.ec{e(:)cli) EI:’Sljyls;(;azl, Chemical,. and Microbial Characteristics of Storm Water, Maricopa County, |

i

’ 21
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CH2M Hill (Reference 6) estimated the average annual pollutant concentrations for runoff from
areas draining through the City of Tempe. These estimates are presented in Table 10 and show

high levels of fecal coliform.

Table 10

Average Annual Estimated Pollutant Concentrations
Tempe Urban Watersheds

22

]
i
i
!
i
I
TSS 5.56 42 278 '
TDS 534 534 534 l
BOD 30 41 47
TP 0.11 0.20 0.35 l
OP 0.08 0.14 0.24 l
NH4 1.02 1.41 1.60 .
Nitrate-Nitrogen 0.68 1.06 1.58 '
Organic N 2.22 3.05 3.46 l
N 4.25 5.85 6.65 l
Fecal Coliform 818 818 8178
Total Copper <0.05 <0.05 0.06 '
Total Lead <0.02 <0.02 0.05 l
Total Zinc 0.14 0.20 0.26
Source: City of Tempe, Rio Salado Water Resources Master Plan, Draft Technical l
Memorandum 5, CH2M Hill, June 1991
|
]
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3.3 Reclaimed Water

3.3.1 23rd Avenue Waste Water Treatment Plant. The 23rd Avenue Plant
treats 30 MGD with advanced secondary treatment and dechlorination. By 1994 it will have the
capacity to treat 57 MGD this way. Sand filtration is also being constructed. Table 11

summarizes three months of monitoring reports for the treatment plant’s discharge.

Currently about 50% of the discharge is being diverted by a local farmer and the
remaining water is going to the Salt River. This farmer uses what is needed, and then discharges
the rest into the Salt River at 43rd Av¢. Roosevelt Irrigation District (RID) is also working with
the City to purchase (exchange) water from this treatment facility. When this occurs, the entire
outflow will probably be used for irrigation during periods of high crop water demand. During
October through February, however, most of the water will be discharged to the Salt River.
Thus the 57 MGD will be discharged to the Salt River during approximately 5 months out of 12.

During the remaining months, the discharge may not occur.

3.3.2 9l1st Avenue Waste Water Treatment Plant. The 91st Avenue Plant

has three modules. One has a 30 MGD capacity to treat with biodenitrification, and the other two
do not. The source water has a total nitrogen content of 25 mg/1, part as nitrate-nitrogen and part
as ammonia-nitrogen. The City intends to increase the plant capacity by 30 MGD, and add

biodenitrification within three years. Because most of the discharge is to the Salt River, the strict
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standards require the discharge to support fish life. Items of specific concern are nitrate levels,
and urban pesticides such as Diazanon. Table 11 summarizes three months of monitoring reports

for the treatment plant’s discharge.

Discharge of the treated water is to the Palo Verde Nuclear Generating Plant (currently
20-40 MGD with a right to take more), and the Salt River. The Buckeye Irrigation District
diverts most of the Salt River flow at 47th Ave (about four miles downstream from the treatment
plant) into the Buckeye Canal for irrigation use. Two discflarge alternatives are being considered
by the City: (1) recharge and storage and recovery near the Agua Fria River (AFR),and (2)
irrigation of farmland or the local Gila Indian Reservation in exchange for CAP water. The
Corps’ creation of a wetlands as a preliminary treatment to the City’s Aquifer Storage Recovery

alternative may be a beneficial use of some of the effluent.

Average long term water supply for the City of Phoenix is 5% from local ground water,
20% from Central Arizona Canal (CAP) at Union Hills, and 75% Salt River Project (SRP) and
Verde Plant (10 MGD) the Val Vista Road near the Verde and Salt River confluence. There are
five drinking water treatment plants, one near Fountain Hills, one at 7th Street & Indian Hills.
The others are not in the scope of this study. The Colorado River Water is higher in sulfates
(SO,) and calcium carbonate (CaCO,). The total water supply to the City of Phoenix is

approximately 250 MGD during the winter.
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I TABLE 11
CITY OF PHOENIX EFFLUENT
l DISCHARGE MONITORING REPORT SUMMARY
FOR MAY - JULY 1994
l (mg/h
' Flow in conduit through 91st Ave 153.75 101.5
treatment plant (MGD) 23rd Ave 37.2 32.91
l Chlorine, 91st Ave Rept® .05 ok
Total Residual 23rd Ave Rept .011 *xk
l PH 6.5-9.0 7.2-7.4 7.0-7.3
Total Suspended Solids 4.5 9.0 7.0
' 7 day avg.
Settleable Solids 1 <1 <1
l BOD Carbonaceous - Rept 10 5
5-day 20C
I Coliform, Fecal General 800 93 57
Cyanide, Total Recoverable 200 *Hk ok
l Mercury 2 *kk Aok ok
l Arsenic! 98.7 4 3
Selenium! 50 *kk ok
l Thallium’ 40 xxk won
Beryllium' 53 *xk ki
. Boron' 1000 423 380
l Nickel Rept ok ok
Silver! 142 okok k&
l Zinc' 73.3 akk 13
' 25
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i
i
Cadmium’ : 29.5 <7 1.03
Lead’ 148 ok 37 l
Chromium’ 223 ok ok - l
Copper’ 142 6 6
2-Methyl-4, 6-Dinitrophenol 765 ok *okk l
2-Chlorophenol 2000 #k%k ok ok
2-Nitrophenol Rept ek k * %% '
2,4-Dichlorophenol 365 T ok
2,4-Dimethylphenol 2120 ok e ko l
2,4-Dinitrophenol 365 ok sk l
2,4,6-Trichlorophenol 3.6 *kk * ok ok
4-Chloro-3-Methylphenol 30 ok * ok '
4-Nitrophenol Rept ko k%
Phenol, Single Compound 2560 <4 .6 l
. Pentachlorophenol 13.0 %k ks | I
Source: City of Phoenix NPDES Discharge Monitoring Reports, May-July 1994
: Total Recoverable . ‘ l
2 No standard. Report required to Arizona Department of Water Resources.
***¥  Not Available ,
i
i
i
i
i
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IV. GROUNDWATER CONDITIONS

4.1 Hydrogeologic Setting.

The Rio Salado study area is located in the Phoenix Active Management Area
(AMA) and is comprised of portions of two distinct but interconnected alluvial groundwater
basins. These basins, West Salt River Valley (WSRV) and East Salt River Valley (ESRV), are
shown on Figure 2.3 of the main report. The subsurface geologic conditions in the Salt River
Valley (SRV) are described by the USBR (1976), the USGS (Laney and Hahn, 1986; Brown and
Pool, 1989), and by ADWR (Corkhill, 1993). All three investigations divide the basin-fill
sediments into three hydrogeologic units. However, the units have sometimes been defined
differently. This report uses the most recent division of hydrogeologic units, as described by

ADWR.

There are three hydrogeologic units: the lower alluvial unit (LAU), the Middle Alluvial
Unit (MAU), and the Upper Alluvial Unit (UAU). There is also a Red Unit which forms the
base of the aquifer beneath parts of the area. The LAU overlies the Red Unit and consists mainly
of conglomerate and gravel. The LAU is tapped by many city wells and it is estimated that
approximately 25 percent of the pumpage in the SRV originates from this unit (ADWR, 1993).
The MAU overlies the LAU and consists mainly of clay, silt, mudstone and some sand and
gravel. The unit ranges in thickness from 100 feet to over 1600 feet in the deeper parts of the

basin. The MAU is now the primary source of groundwater in the valley. ADWR estimates that
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about one half of the total pumpage in the valley is from the MAU. The UAU overlies the MAU
and consist primarily of gravel, sand and silt. The amount of coarse-grained deposits in this unit
is highest near the Salt and Gila Rivers. The thickness of the UAU is relatively uniform and
ranges from 200 to 300 feet thick in ESRV and between 300 and 400 feet thick in the WSRYV.

In the past, the UAU was the primary source of groundwater in the valley, but because of lower
water levels and large areas of poor quality water, only about one fourth of groundwater pumped

in the valley is from the UAU. Important sources of recharge to groundwater in the valley are

infiltration of Salt River flows, mountain recharge along the McDowell and Superstition |

Mountains, percolation of excess irrigation water, and canal seepage. Figure 2.4 of the main
report shows a subsurface hydrologeologic section along the Salt River from Granite Reef Dam
to the confluence of the Salt and Gila Rivers. Figure 2.5 of the main report shows the depth to

groundwater in the study area during the winter of 1983.

4.2  Hydrologic System

4.2.1 Predevelopment Hydrologic System. The predevelopment hydrologic

system of the Salt River Valley (SRV) is described by the Arizona Department of Water
Resources (ADWR). Prior to the arrival of non-Indian settlers in the 1860°s and 1870’s, the
hydrologic system in the SRV was in a state of equilibrium. Flows into and out of the SRV
were in approximate balance and water levels generally remained constanf. The main components

of the predevelopment groundwater budget were underflow, stream channel infiltration, mountain
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front recharge, and evapotranspiration. An approximate predevelopment groundwater budget is

presented in Table 12 and the components are described below.

Table 12.

Estimated Predevelopment Groundwater Budget for SRV

Stream Channel Recharge 100,000
Groundwater Inflow 30,000
Mountain Front Recharge 10,000

Groundwater Discharge to Stream Channel 60,000

Evapotranspiration 80,000

Groundwater Flow

In general, groundwater moved east to west through the SRV. Most of the Salt River Valley

groundwater moved in a direction towards the lower topographic areas. Substantial groundwater
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flow underflow moved northwestward along the Gila River and passed through the gap between the

South Mountains and the Sierra Estrella.

Stream Recharge

Prior to development of the valley and construction of upstream reservoirs, the Salt and Gila
Rivers were perennial throughout the SRV. The rivers were significant sources of groundwater
recharge in some areas and recipients of groundwater discharge in other areas. The reaches of the
river can be classified as losing or gaining. The rivers ’lose’ water where the groundwater table
elevation is lower than the water level in the river channel. Similarly, the river ’gains’ when
groundwater is discharged into the river, where the water table is higher than the water level in the
channel. ADWR estimated the total recharge from the Agua Fria River, Cave Creek, New River,

Skunk Creek, and Queen Creek to be about 20,000 acre-feet per year.

Mountain Front Discharge.

Mountain-front recharge is water that infiltrates into the alluvial material along the interface
between mountains and the alluvial groundwater basin. The amount of mountain-front recharge
depends on average precipitation. The ADWR estimated that mountain-front recharge in the SRV

is only significant along the McDowell and Superstition Mountains.

Evapotranspiration
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Under predevelopment conditions, ADWR identified evapotranspiration as the major source
of discharge from the groundwater system in the SRV. Evapotranspiration is the process of
evaporation from water surfaces and moist soil and transpiration from vegetation. During the
predevelopment period, there was approximately 48,000 acres of phreatophytes along the Salt and
Gila Rivers. ADWR used an evapotranspiration rate of 1.6 acre-feet per acre per year to estimate

a loss of 76,000 acre-feet per year.

4.2.2 Modern Hydrologic System. Irrigation was originally developed by diversion
of streamflow into canals. By the turn of the century, much of the valley was waterlogged, due to
recharge from canal seepage and deep percolation, combined with a lack of groundwater pumping.
Beginning in the 1920’s and 1930’s, substantial groundwater pumpage began for irrigation and to
control shallow groundwater levels. Following World War II, extensive pumpage began, primarily
for irrigation. This resulted in extensive groundwater overdraft. With the advent of the State
Groundwater Management Act, the extent of overdraft has been curtailed through management
procedures such as decreased irrigation pumpage, water conservation practices, and intentional
recharge projects. By the late 1980’s, water levels within the Salt River Project had essentially

stabilized. Continuing overdraft was present, however, in some off-project areas.

4.2.3 Future Hydrologic System. Because of several factors, water levels are
projected to be stable or rise in parts of the Salt River Valley in the future. First, as irrigated lands
are urbanized, the normal tendency is for less groundwater to be pumped. Increasing water
conservation practices, reuse of sewage effluent in the valley itself, as opposed to exportation to
downstream areas, and increased recharge and underground storage are examples of these factors.

Because most of the shallow groundwater beneath formerly irrigated areas is of unsuitable quality
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for public supply, less and less groundwater is being pumped from shallow strata. When all factors
are considered, there appears to be more than an adequate supply available within the Salt River
Project. In off-project areas, some overdraft will apparently continue where imported water supplies
are not adequate for development, and significant groundwater pumpage is necessary. There is a
need to have a groundwater management goal that involves stabilizing water levels within a certain
range, includes addressing shallow groundwater problems areas and areas of rising water levels.
This should be done in conjunction with developing a plan to pump poor quality shallow

groundwater for some use, in areas where irrigation is no longer practiced.

4.3  Groundwater Quality

4.3.1 Inorganic Chemical Constituents. = There are a number of groundwater quality

problems in the Salt River Valley. The regional groundwater problems associated with inorganic

chemical constituents were described in the MAG 208 Water Quality Management
Program (Schmidt, 1979). Most of the inorganic problems can be traced to natural factors and long-
term irrigation practices. High salinity, chloride and nitrate concentrations are commonly found in
shallow groundwater beneath irrigated or formerly irrigated land. Irrigation practices can also be
associated with high nitrate levels in some areas, but there is also evidence that high nitrate levels occur
naturally in parts of the valley. An example is the large area of high nitrate in the western part of the
valley. This area extends from nofthwest Phoenix through Glendale and Tolleson, to the west of
Buckeye. High nitrate levels were observed in this area when many Salt River Project Wells were first
drilled in the 1930’s. Therefore, it appears that high nitrate levels predated the widespread use of
chemical fertilizers. Figures 5.13 - 5.15 of the main report show the content of Total Dissolved Solids

(TDS) in terms of electrical conductivity, chloride, and nitrate in the groundwater near the Rio Salado
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study area. All three constituents are high in the study area, chloride and TDS are especially high at

the western end of the study area north of the confluence of the Salt and Verde River. Nitrate levels

(as nitrate) are greater than 25 mg/l throughout the area west of Central Avenue. A pocket of 90 mg/1
concentrations (as nitrate) is located northeast of Tolleson. Table 13 summarizes the public health
effects of excess levels of chloride, TDS, and nitrates and Table 14 summarizes the effect on

agriculture.

Table 13
Public Health Significance of Chlorides, TDS, and Nitrates.

Chloride Chloride in low concentrations is not harmful to humans.
However, water with concentrations above 250 mg/l has a salty
taste, which is considered objectionable by most people.

TDS Water with TDS content of less than 500 mg/l is most desirable
for domestic use. Standards generally recommend a limit of
1000 mg/1 for potable water. ‘

Nitrate In 1940 it was found that drinking water with high nitrate |

content often caused methemoglobinemia in infants. This is a |
condition that reduces the bloods ability to carry oxygen. The |
EPA has established a MCL for nitrate-nitrogen in drinking |
water of 10 mg/l (equivalent to about 45 mg/l as nitrate). |

Primary Source: Chemistry for Environmental Engineering, Sawyer and McCarty, 1978

Table 14
Significance of Chloride, TDS, and Nitrate in Irrigation Water. |

TDS <500 500-2000 >2000 Salinity effects on crop yield

Chloride <142 142-355 >355 If water is absorbed by roots only.

Chloride <106 >106 If water is also absorbed by
leaves.

Nitrogen <5 5-30 >30 Excess nitrogen may delay harvest
time and adversely affect yield or
quality of suéar beets, grapes,
citrus, avocados, apricots, etc.

Source: SRP 1993 Water Quality Report
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4.3.2 Trace Organics. Over the past 15 years, a number of instances of
shallow groundwater degradation by trace organic constituents have been detected in the Rio Salado
study area. The most significant instances involve the pesticide DBCP or volatile halocarbons.
Beneath or downgradient of present or former citrus and deciduous orchards near Mesa, and South
Mountain, DBCP has been detected at concentrations exceeding the drinking water maximum
contaminant level (MCL of 0.02 ppb). DBCP is a pesticide that was used extensively on citrus
groves and some other crops in the Salt River Valley. DBCP is now a suspected carcinogen and
was banned for agricultural purposes in 1979. Figure 5.16 of the main report shows the SRP well

locations in or near the study area which have tested positive for DBCP.

Numerous incidents of volatile halocarbon contamination have been detected in the Rio
Salado study area. Volatile halocarbons are located in shallow groundwater beneath a number of
landfills along the Salt River, near some industrial facilities, and beneath a large area between the
Sky Harbor Airport and downtown Phoenix. In many cases of volatile halocarbon contamination,
the problems are limited to plumes in specific areas and can be associated with specific sources
(examples: 19th Avenue, 27th Avenue, Estes landfills and Motorola 52nd Street). These plumes are
usually well defined and involve relatively small amounts of groundwater. However, a large area
of low level volatile halocarbon contamination involving larger amounts of water has also been
delineated. This area stretches from the Motorola 52nd Street Superfund site southwest to Sky
Harbor Airport, west through downtown Phoenix and through the West Van Buren area, almost to
Tolleson. There many possible sources of this low level contamination. Attempts are being made
through state and federal remediation programs such as the Water Quality Assurance Revolving
Fund (WQARF ) and the EPA’s Superfund program to define the extent of contamination and to
implement remediation. Because of the size of the affected area, it is difficult to partition the
problem areas into specific sites with identified parties. Figure 5.17 of the main report shows the
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location of WQARF and Federal Superfund sites and areas and the extent of volatile halocarbon

contamination in and near the study area. Table 15 summarizes the identified problems at each site.

Open and closed landfills along the Salt River are shown on Figures 5.11 and 5.12 of the main

report and are listed in Tables 16 and 17.

Table 15: WQARF and Federal Superfund Sites in or Near the Study Area

19th Avenue
Landfill

In Phoenix along the
Salt River between
15th & 19th Avenues.

vmﬁl chloride
TC

PCE
1,1-dichloroethene

Municipal and
Industrial Wastes

VOC contaminants at levels

exceeding MCLs on and off
site. A federal supe

site. Groundwater to be
monitored but no_cleanup
necessary. The site will be
capped and provided with

b protection.

Motorola 52nd
Street

Eastern part of
Phoenix about 1 mile
north of the Salt River

TCE
PCE
TCA

Land Disposal at
Industrial Plant
Dry wells formerly
used

A federal Superfund site.
Groundwater cleanup
underway.

North Indian Bend
Wash

Cities of Scottsdale
and Tempe

TCE
PCE
chloroform
TCA

DCE

Land disposal .
ractices at industrial
acilities

VOCs have been found in
que(, middle and lower
alluvial unit. Well conduits
a contributing factor

A federal superfund site.

South Indian Bend
Wash

City of Tempe

VOCs,
Organic
Compounds
Metals

Not precisely
determined yet,
probably industrial
sites and former
landfills

Federal Superfund site.

161st Air National
Guard

51 acres at Sky
Harbor Airport

benzene
ethylbenzene
PCE

Aircraft maintenance
activities, refueling
operations

Under Department of
Defense Installation
Restoration Program Being
cleaned up as part of new
runway installation at Sky
Harbor.

East Central
Phoenix

Between 48th and
24th Streets and
Camelback and
Thomas Roads in
Phoenix

Industrial facilities and
other sources possible

PCE levels exceeding MCL
detected downstream
fgtclhtles. State WQARF
site.

East Washington

Between 48th Street
and 7th Ave. and
Thomas and Lower
Buckeye

1,1,1-

trichloroethene

dick-lloroethylene
vinyl chloride

Industrial Facilities
Exact source has not
yet been determined.

Large area of VOC
contamination. Difficult to
identify sources. State
WOQAREF site.

Estes Landfill

South of Salt River
between 40th and 45th
Streets in Phoenix.

vinyl chloride
1,2-dichloroethene
TCE

Estes Landfill

On going remedial
investigation.

Northwest Tempe

Between 14th Street
and 10th Place &
between Edward Drive
and Park Lane in
Tempe.

1,1,1-
trichloroethene
dichloroethylene

Industrial facilities

A plume of VOCs has been
identified and is being
investigated.




Sky Harbor

Table 15: WQARF and Federal Superfund Sites

Between 24th and

44th Streets and north

of the Salt River.

Industrial Facilities
Airport operations
possibly

Subunit of the East
Washington WQARF area.

West Central
Phoenix

Phoenix

Industrial Facilities

Three distinct plumes. State
WOQAREF site.

West Van Buren

25 square miles in
northwest Phoenix

petroleum products

Industrial Facilities

Little remediation. Proposed
measures to attempt to
prevent contamination from
reaﬁhmg City of Tolleson
wells.

Drive in Phoenix

27th Avenue Between 35th and VOCs Landfill City of Phoenix has
Landfill 27th Avenues benzene submitted a closure permit
Methylene under the ADEQ Aquifer
Chloride Protection Permit Program.
Del Rio Landfill Between 7th and 16th | VOCs Apparent upgradient Well defined plume
Streets, south of the source
Salt River in Phoenix.
Motorola 56th Northwest corner of TCE Disposal of Solvents Prior to 1962 all discharges
Street 56th Street and Earll TDCE of solvents were to dry wells

or sewage leach fields.
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Table 16

Active Landfills
Vicinity of Rio Salado Study Area

H 27th Avenue Rubbish ) City of Phoenix SW Corner, of 27th Avenue and
Municipal Solid Waste Lower Buckeye Road
Liquid Waste
I 40th Street Rubbish Bradley North Side of Ma%nolia
Investment East of 40th Stree
Company
J Litchfield/Avondale Rubbish Calmat of Arizona || South of Indian School Road, |
et West Side of Agua Fria River
K Tri-City Rubbish ) Salt River-Pima 1 Mile North of McDowell,
Municipal Solid Waste Tribe off Beeline Hwy (AZ 87)
L Weinberger Rubbish Glenn Weinberger .5 Miles South of Lower Buckeye

Construction Debris Road on 39th Avenue

Source: Directory of Arizona, Municipal Solid Waste Landfills, Rubbish Landfills & Private Solid Waste Landfills,
March 1993, ADEQ.
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Table
Closed Solid Waste Landfills
Vicinity of Rio Salado Study Area

A 16th Street Rubbish . City of Phoenix 1 Mile South of I-10 on 16th Street
Municipal Solid Waste
Other?

B 19th Avenue Rubblsh City of Phoenix 1 Mile South of I-10 on the East Side of
Septag 19th Avenue
Mumcl al Solid Waste
Liquid Waste

C 22nd Avenue Rubbish . City of Phoenix 22nd Avenue and Lower Buckeye Road
Municipal Solid Waste
Other?

D Estes Rubbish City of Phoenix East Side of 40th Street, South of the
Mun1c1pal Solid Waste Salt River
Other?

[F3]
o E 91st Avenue Rubbish . City of Phoenix West Side of 91st Avenue,
Municipal Soild Waste Opposite 91st Avenue Waste Water
Treatment Plant
F Ameron Rubbish Ameron Pipe Division West of 12th Street, South of Watkins in
Phoenix

G ASU No. 1 Rubbish Arizona_State Alonl% West Side of Scottsdale Road,
Mumclpal Solid Waste University South of Salt River

M ASU No. 2 Rubbish . Arizona State Along East Side of Scottsdale Road,
Municipal Solid Waste University South’ of Salt River

N Avondale Rubbish Maricopa County North Side of the Intersection of MC 85
gltvillmclpal Solid Waste g‘ormerly US 80) and the Agua Fria

er? iver
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Table 17 (cont.)
Closed Solid Waste Landfills
Vicinity of Rio Salado Study Area

Central Avenue Rubbish Union Rock and .25 Miles South of I-10 on Central
Materials Avenue
First Street Rubbish Kachina Ready-Mix NE Corner of First Street and Clark
Drive, Tempe
Juice of Life Rubbish Mike Neils 5837 S. 36th Street, Phoenix

Municipal Solid Waste

Old Town Dump

Rubbish )
Municipal Solid Waste

Goodyear Tire&
Rubber

Dysart Road to Rid Canal

Perry Lane Methane

NE Corner of 1st Street and Perry Lane

Reed Construction

Rubbish
Municipal Solid Waste

Reed Construction
Company

West Side of 67th Avenue on Salt Ri:;ér

RRCA (old Tempe)

Rubbish
Municipal Solid Waste
Other?

Raymond Edwards

1.3 Miles North of Apache Blvd. on-
Hayden Road

Tempe #1 City of Tempe l%outh Side of Salt River on Hayden
rive
Tolleson City of Tolleson 91st Avenue and the Salt River

Rubbish )
Municipal Solid Waste

Tri-City (old)

Salt River-Pima Tribe

North Bank of Salt River West of
Country Club Road

Wayne Oxygen

Liquid Waste

Wayne Oxygen
Company

2615 S. 40th Street, Phoenix

William Roer

Rubbish .
Municipal Solid Waste

William Roer

75th Avenue North of Southern Avenue,
on South Side of Salt River

Source: Directory of Arizona, Closed Solid Waste Landfills (CSWLF), March 1993, ADEQ.




Because of poor inorganic chemical quality of the shallow groundwater (nitrate, chloride,
and TDS) use of shallow groundwater in the Rio Salado study area for public supply is very
limited. New public water supply wells which tap potable groundwater in the Lower and Middle
Alluvial Units have been developed for several decades. Much of the shallow groundwater is of
suitable quality now only suitable for industrial or agricultural purposes. The deeper water is
generally unaffected by irrigation and industrial practices and has lower salinity and nitrate
concentrations. An important issue in the Salt River Valley is protection of the higher quality

water in the deeper aquifers from the poorer quality water in the upper aquifer.

Other possible sources groundwater quality degradation in the study area are leaking
underground storage tanks, dry wells which extend close to or into the upper part of shallow

aquifers, settling basins, and past well construction practices.

4.3.3 Future Conditions
It is expected that much of the Salt River Valley will be urbanized within the next several
decades. This will cause a significant reduction in the amount of pumped shallow groundwater
for irrigation. Because this water is of poor quality and is not directly suitable for public supply,
there will be very few users of this groundwater once widespread irrigation has stopped in the
valley. At the same time it is expected that the shallow groundwater will be recharged for
decades from deep percolation of water currently in the vadose zone (Schmidt, 1989). This
recharge water is generally of poor quality in terms of salinity, chloride, and nitrate content, and

will further degrade the quality of shallow groundwater.

Without future pumping and with continued recharged from irrigation water stored in the

vadose zone, the following problems may occur:
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1) Shallow poor quality groundwater will eventually migrate downward and
contaminate the good quality groundwater in deeper strata. Water levels in wells tapping deep
units are usually lower than those in shallow wells, resulting in a substantial downward gradient.
Thousands of potential well conduits exist in the valley. In search of higher yields as water
levels declined in the 1970’s, deeper composite wells were drilled. These wells are commonly
perforated over hundreds of feet and if not properly destroyed, create flow paths for poor quality

shallow water to deeper high quality water.

2) Shallow water levels are becoming a problem in parts of the Phoenix metropolitan
area. In some areas, depth to groundwater is now less than 50 feet. Rising water levels can
cause significant nuisance problems for construction of new buildings or maintenance of existing
structures with underground areas. Another problem is the existence of thousands of dry wells
in the metropolitan area, which are used for the disposal of storm runoff. Some of these wells
may have the effect of discharging urban runoff directly to shallow groundwater, if water levels

rise sufficiently.

4.4  Groundwater Quantity

In order to determine the amount of poor quality groundwater available (considering only

hydrogeological factors, as opposed to legal and other factors), one can take into account the

thickness of saturated deposits in the Upper Alluvial Unit and multiply this by the specific yield

of these deposits. As a result of extensive groundwater modeling studies, the ADWR has




prepared computer printouts indicating the approximate thickness of saturation of each major
geologic unit, the storage coefficients, and the amount of recharge in each model cell. From this
information, one can determine the amount of groundwater in storage in the Upper Alluvial Unit

and the recharge to this unit.

Presently recharge is primarily from streamflow in the Salt River, canal seepage, deep
percolation of excess applied irrigation water, and storm runoff. Near the Salt River in much of
the study area, streamflow recharge is predominant except during periods of no river flow. At
these times, recharge from other sources is important, as evidenced by changes in groundwater

quality that have been observed at many monitoring sites along the river since the late 1970’s.
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V. WATER QUALITY ENHANCEMENT OPPORTUNITIES

5.1  Water Quality Improvements.

5.1.1 Wastewater Treatment Plants. The two sewage treatment plants (23rd
Ave. and 91st Ave.) which discharge water into the Salt River were discussed in Section 3.3.
They have capacity to treat 30 and 150 MGD respectively, to a level exceeding secondary
treatment. Because proposed NPDES requirements are so stringent and costly to attain, the City
of Phoenix anticipates selling this water to farmers, and/or power plants, or injecting it after
additional treatment. A visible option to utilizing this water is to create a wetlands near a sewer
outfall. The water is rich in nitrogen and already treated for many other water quality concerns
(refer to Table 11 for water quality of discharge). This water could be used as a steady supply
to a wetlands where nitrates would be reduced to the maximum contaminant level (MCL) of 10
mg/l as nitrogen, or it could be used intermittently, when farmers use all of the effluent for

irrigation.

5.1.2 Storm Drain Water. Asdiscussed in Section 3.2 titled Urban Storm Water, many
storm drains currently discharge into the Salt River offering a large intermittent source of varied
quality water. In the near future, the quality of this water may require treatment before discharge
into a Federally regulated water course is permitted. From discussions with various local
agencies, if this does not happen, storm drain water quality is not likely to improve. One of the

best management practices for treating this water would be skimming off the oils, settling the
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suspended solids, and then allowing a wetlands type of treatment to remove the remaining toxins
and nitrates.

The City of Tempe has an aggressive on-site storage policy which retains the poor quality
first flush water. Although the smaller events do not reach the Salt River, the water quality of
the discharge is of better quality than that of Phoenix. Approximately 10,800 ac-ft per year of
Tempe Storm Drain water discharging into the Salt River has been estimated according to a
Tempe Report.

The City of Phoenix storm drains collect water from over a 100 square mile area and have
a total mean annual discharge of about 18,000 ac-ft. Refer to Tables 7 and 8 for water quantities
of specific storm drains. Water quality of the discharge is varied with poor quality water during
the first flush period of a storm, and improving as the event continues. Refer to Tables 9 and
10 for water quality information and compliance.

Without treatment, this urban runoff water is not suitable for injection and may not meet
future requirements for percolation. It contains varying degrees of fecal coliform and
streptococci, is usually high in suspended solids and oils, and in some cases contains DDT, and
its degradation product DDE, (especially at 27th Avenue, ref. 2).

There are many expensive physical treatments for the pollutants found in this storm water.
However, for small quantities the best management practices are the most natural. By retaining
the discharge in a pond, for example an abandoned gravel pit, suspended solids would settle to
the bottom. Oils and pesticides could be skimmed off the top. For additional treatment, this
water could then be directed into a wetlands area where its water quality would be further

improved. With proper planning and design, it is possible to construct a system whose outlet
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water would be good enough quality to be recharged into the ground for ground water quality
improvement, or directed to support other riparian areas.

Such a project would require a pilot study to determine the efficiency of the wetlands, and
thus the outlet water quality and its use after discharge. The wetlands would require a
supplemental water supply during years with little or no rain. It would also have to be
strategically located in or along the river bed in such a way as to avoid being washed out in a

frequent flood.

5.1.3 Groundwater. As discussed in Section 4.2, use of the water stored in the
upper aquifer of the study area is decreasing for two primary reasons: (1) because urbanization
of the valley is increasing, the amount of pumping for irrigation is declining and (2) the poor
quality shallow groundwater in most areas cannot be directly used for public supply without
costly treatment. This shallow groundwater has areas of elevated TDS, chlorides, nitrates, and
volatile halocarbons, DBCP, and other contaminants. In most areas it is only usable for irrigation

or industrial uses.

As pumping of this water decreases and pumping of deeper groundwater increases, the
potential for degradation of deeper better quality water increases. The potential for rising
groundwater levels also increases, which can cause further degradation of the shallow
groundwater contaminants in the Vadose zone. A strong argument can be made for the benefits
of managing this poor quality water. However, there are some institutional obstacles including:

legal issues, availability of poor quality water permit from ADWR, and municipal water
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conservation requirements. If these obstacles can be overcome, a large reservoir of water
becomes available. Preliminary estimates indicate that at least tens of thousands of ac-ft could
be available on an annual basis. This water could be used to maintain, enhance, or create riparian
habitat or could be used as source water for recreational lakes and/or wetlands. The creation of

wetlands would have the dual benefits of creating habitat and improving the quality of the water.

A more detailed investigation of the water balance in the study area should be undertaken
to verify the conclusions of this report. In addition, the feasibility of overcoming the institutional
concerns regarding legal issues, regulatory concerns, and conservation requirements must be

determined.

5.2  Design Considerations.

5.2.1 Riparian Habitat. There is currently 1800 acres of habitat in and along
the Salt River through the study reach. Each area is specifically described in the Environmental
Evaluation, Appendix A of this report. Existing water sources for these areas are sewage
treatment plants and storm drain runoff, both of which may disappear to some degree in the near
future. By using storage, skimming, and wetlands treatment for storm drain water, and/or
wetlands treatment for sewage treatment plant water, many if not all of these areas could be
preserved. Table 18 presents the potential water demand from these areas depending on what

type of area they were to support. The locations have been described in the Environmental
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Appendix, Appendix A, as well as shown on a plate. The range of water requirement to maintain
a habitat in all 1800 acres is about 4300 acre-feet per year (3.8 MGD) to almost 11,000 acre-feet
per year (9.6 MGD). By using this table along with storm drain and gravel pit information, a
design to support this habitat with storm drain and sewage water could be formulated. The
average annual total storm drain volume exceeds 20,000 acre-feet per year (ac-ft/yr), however a
prudent design would account for years with less flow, or provide supplemental water from
pumping. The treatment requirement of the storm drain water would depend on each individual
storm drain used. Most drains would require settling and skimming in the gravel pit as well as
some wetlands treatment in order to improve the water quality to EPA’s standards for riparian
habitat. The sewage treatment plants would discharge to a wetlands from which higher quality

water could be used for further riparian purposes.

5.2.2 Wetlands Treatment Capabilities. = Wetlands can be an effective way of
treating stormwater and domestic and municipal sewage, as well as removing nitrates (one of the
major groundwater quality concerns in this area). The particular benefit of wetlands treatment
is that it removes some pollutants by transformation into other non-hazardous constituents. The
Ion Exchange and Activated Carbon leave either a resin containing the offending constituent, or
requires burning off the constituent which is an air quality problem. Air stripping mearly
transfers the constituent from the water into the air, but does NOT render it nontoxic. In a
wetlands, however, biochemical oxygen demand and coliform bacteria go through microbial
metabolism and die off respectively. Similarly, nitrogen is removed by transferring the various

forms of nitrogen into nitrate. The nitrates are removed by anaerobic metabolism in the bottom
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sediments with release of gaseous nitrogen to the atmosphere. From reported data of existing
wetlands, (ref. 3) Table 19 describes the potential removal rates of various constituents from four
water sources. The removal rates are in percent removed with regard to their concentration into
and out of the controlled area. These percent removals (removal efficiencies - RE) are reported
as minimum, typical, and maximum values. Typical does not represent mean because not enough

data was collected to compute statistical values. However it does indicate a trend.

48

!
1
|
i
1
l




- GER R e e

-f' _

\
¥

1 4.63 11 19 21 28
2 54.55 131 218 251 327
3 19.50 47 78 90 117
4a 3.31 8 i3 15 20
4b 10.91 26 44 50 65
5 13.22 32 53 61 79
6a 6.61 16 26 30 40
7 189.75 455 759 873 1139
8 56.70 136 227 261 340
9 12.56 30 50 58 75
9a 41.32 99 165 190 248
10 147.44 354 590 678 885
11 53.88 129 216 248 323
12 3438 83 138 158 206
13 43.64 105 175 201 262
14a 14.55 35 58 67 87
14b 430 10 17 20 26
l4c 8.60 21 34 40 52
15 44.30 106 177 204 266
16 180.50 433 722 830 1083
16A 13.55 33 54 62 81
16B 48.60 117 194 224 292
17 12.23 29 49 56 73
18 26.45 63 106 122 159
19 25.12 60 100 116 151
20a 90.25 217 361 415 541
20b 27.11 65 108 125 163
21a 37.36 90 149 172 224
21b 14.21 34 57 65 85
22 111.07 267 444 511 666
23a 20.83 50 83 96 125
23b 11.24 27 45 52 67
24 50.25 121 201 231 301
24a 17.85 43 71 82 107
25a 96.20 231 385 443 577
25b 251.90 605 1008 1159 1511
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Table 19
Removal Efficiency In Wetlands
(Values in Percent of removal)

Domestic 55 80 25 12 -t 80 0 -
Municipal 72 90 70 40 80 95 50 -
Waste 94 95 93 57 - 99 99 -
43 40 36 43 - - 5 69

Storm- 63 - - 53 - - 50-70 95
water 95 80 70 85 - -- 95 100
Indust. 42 29 69 30 - - 6 -
waste -- -- - -- - -- 70-85 --
100 100 98 73 - -- 97 -

Agricult. 54 75 -- 66 82 -- -- --
runoff - - - - - 62 - -
82 97 — 81 96 - - -

+ TSS - Total suspended solids ref. 3

BOD - biochemical oxygen demand and/or
D - chemical oxygen demand

TN - total nitrogen

TP - total phosphorus

TIN - total inorganic nitrogen and/or

NO, - nitrate nifrogen .

col. bac. - coliform bacteria

heavy metals

toxic organic substances

5.2.3 Wetlands - Water Sources. In this study area wetlands could be created from any

combination of groundwater, waste water, or storm water. As discussed in the Water Quality
Improvements Section, each source has its own pretreatment requirements, as well as water
quantity available. A previous Corps Study presented the alternative of using 91st Avenue
Wastewater Treatment Plant water to create a wetlands and enhance the riparian habitat
downstream of the plant.

Another location of interest would be near Central Avenue where the City of Phoenix
would like to see a "Town Lake". At this location there are several large storm drains. By
detaining this storm water in nearby gravel pits, a more constant flow could be attained for the
wetlands. These pits would require lining, but would contribute to the enhancement of its water
quality through settling. Skimming would remove the oils and floating material before

discharging into the wetlands for further treatment. When the storm drains do not provide
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enough water for the wetlands, pumping water from the shallow aquifer would sustain the
wetlands.

It would also be possible to cféate a wetlands to treat the poor quality shallow aquifer
water for nitrates. This water would be the most likely to meet the criteria for sustaining a

"Town Lake".

5.2.4 Wetlands - Design Requirements. There are many criteria in creating a wetlands

with high removal rates of the above constituents. A pilot site would be required to fully

:
e

determine the efficiency of the site. The following, however is a general description of the initial

assumptions and requirements for such a site.

Assumptions:

1. Removing Nitrates is the design criteria. In the City of Phoenix near Central Ave. and
the Salt River, nitrate levels in the groundwater contain 45 mg/] as nitrate, but just upstream of
the confluence it is much less, 25 mg/l. The nitrate MCL for recharging into the groundwater
is 10 mg/1 as nitrogen (45 mg/l as nitrate) with a stipulation that no degrading of existing water
quality be permitted. Therefore a wetlands design reducing nitrates from 45 to 25 mg/l will be
considered.
2. A removal efficiency K of .1 day’ , and a depth of water of 1 foot will be assumed for
the following designs. The removal rate could be .2, but without a pilot study such determination
is not feasible.
3. The following equations were used to determine each design requirement.

- ¢ = final concentration of nitrates after wetlands treatment ( 25 mg/l)

- ¢; = initial concentration of nitrates = 45 mg/l

K = .1 day’

Retention time = T (days) = (-In( 1- (¢;-c) /¢ )) /K
- Surface area = SA = (( T in days x Q in cfs) / H )( 86,400 / 43,560 ) acres
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- Average Velocity =V =24,000 (K )/ 86,400 ft/s
- Width of wetlands = W =( Qincfs/ Vin ft/s ) feet (depth =1 foot)

- Length of wetlands = L = ( SA in acres x 43,560 / Width in feet) feet

Table 20

Sizing of Wetlands For Various Inflows
For Initial Nitrate Concentration of 45 mg/l

K = .1 day’
¢, = 45 mg/l around Central Ave. ¢ = 25 mg/l final conc.
Retention Time = 6 days Length = 14,000 feet (total)
Average Velocity = V = 0.03 ft/s Depth = 1 foot
Q 1 5 10 30 60 90
(MGD)
SA 18 92 184 550 1100 1700
(acres)
W (ft) 56 280 560 1700 3350 5000 +

Although these wetlands were designed to treat nitrates, they may be used for size
approximations for Storm Water sources of water in the area. When a specific site and water
source is chosen, then each constituent can be analyzed to determine its potential reduction
through wetlands treatment. It should be noted that the Tres Rios wetlands sizing can not be

compared to the above computations as their water treatment purposes are different.
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5.2.5 Lake. This Section discusses some of the design criteria for creating a lake along
the Salt River near Central Avenue. Computations were done on a 100 acre lake for initial sizing
purposes. Two options were considered, 1. without lining the lake, and 2. with lining.the lake
to prevent losses through seepage. Water sources would be from ground water unless sufficient
area is available for wetlands treatment of storm water, and the lake is small enough to be

|
|
|
|
significantly effected by storm water quantities. |
|
|
\
\
|
|

Design Parameters Surface Area = 100 acres
Depth = 20 feet
Volume = 2,000 acre-feet (ac-ft)

Water Demand For Maintaining the Lake

' Parameter Without Liner With Liner

i Surface Area 100 acres 100 acres
Evaporation 600 ac-ft/yr - 600 ac-ft/yr
6 ft/yr!

. Seepage Area’ 100 acres 100 acres
Seepage loss

I .2 ft/day/ft! to 1 ft/day 7519 to 37,600 ac-ft/yr 380 ac-ft/yr
.01 ft/day/ft!

. Total Lake losses 8200 ac-ft/yr 980 ac-ft/yr

l = Total Lake Demand 7.25 MGD 0.87 MGD
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! Reference Rio Salado Technical Memorandum No. 7 by CH2MHILL 1992.

2 For a 1000 x 4360 foot lake assuming that the side along the lake is impermeable to prevent
erosion during floods, the seepage area of three sides and the bottom is 103 acres.

Water Supply for Maintaining the Lake

By capturing discharge from the seventeen storm drains from Central Avenue upstream
to the I-10, a 43 sq. mi. area of runoff is captured. The sum of drains 11-20 and 33-39 (see plate
on storm drains) produce an average annual runoff of more than 7200 ac-ft (6.4 MGD). To treat
this amount of water a 120 acre wetlands would be necessary (see table 18). Referring to the
previous table, it is apparent that even if the average annual rainfall occurred, these storm drains
could not keep up with lake losses. Rather than reducing the lake size, by lining the lake, losses
are reduced to an average of 980 ac-ft/yr (.87 MGD). This is approximately 13 % of the average
annual storm drain discharge, and 45 % of the 10-yr 24-hr storm drain volume. There may be
sufficient water quantity to sustain a 100 acre lined lake, however sufficient space must be
available to store this storm water and treat it through wetlands. To treat .87 MGD through
wetlands would require 16 acres of wetlands, and an undetermined amount of gravel pit area.
(A range of 20 - 2181 ac-ft would be required depending on the effect of not capturing the entire
10-yr 24-hr runoff, and untreated disposal of excess retained volume.) Maintenance of the lake
is possible provided that; 1. Treatment of storm water is successful through a pilot program, 2.
there is sufficient land to achieve specific goals of water treatment, and 3. ADEQ allows
treatment of the water to take place within a portion of the river bed, but preferably above the

25-yr flow.
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To maintain the lined lake with ground water, only one 1 MGD pump would be required.

This is however insufficient to fill the lake, or maintain an unlined lake.

Filling the Lake

In order to fill the 2,000 ac-ft lake in 6 months, pumped water would be required at a rate
of 4.5 MGD. This would also make up for 0.87 MGD evaporation and seepage losses during

filling. Filling the lake with five 1 MGD pumps would be sufficient for the 100 acre lake.

Water Quality Concerns

.
"
|
!
]
|
i
|
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1. A lake near Central Avenue along the Salt River will be surrounded by hazardous
waste landfills, and at least one WQAREF site. Lining the lake would reducé
complications of seepage between the lake and such sites.

2. The lake must be built off line from the river in order to reduce sediment
accumulation during floods.

3. The initial depth of lake, 20 feet, requires further study to consider the possibility
of stratification in the lake.

4, Inflow water quality will determine the potential use of the lake for recreation

purposes.
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VL. BEST AVAILABLE TECHNOLOGY TREATMENT PROCESSES.

6.1  General. This section discusses twelve "best available technology" practices
for treating eight constituents which present a problem is the study area. The wetlands treatment
process is discussed in the Section on Opportunities because it is not a synthetic treatment, is
relatively new, and not yet well established in its potential to remove pollutants. Table 21
presents the potential treatments for water containing specific pollutants found in the study area.

Tabie 21

Pollutant Versus Treatment

Volatile Pesticides AS

Industrial Solvents AS

Nonvolatile Pesticides GAC, RO

Nitrate ED, RO, Biodenitrification, Anion
Exchange, Distillation, Chemical
Reduction

DBCP AS, GAC

Chloride IE, ED, RO (evap. ponds, holding basins,

(ref. BW Poln. Control 1985) deep well injection)

TDS RO, ED, IE, Distillation

Mercury Bioremediation

AS - Air Stripping

GAC - Granular Activated Carbon
RO - Reverse Osmosis

ED - Electrodialysis

IE - Ion Exchange
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6.2  Air Stripping. Air Stripping is considered a full-scale/innovative treatment
process. It removes dissolved gas contaminants through volatilization by greatly increasing the
surface area of water exposed to air. Targeted groups are halogenated and non-halogenated
volatile organic compounds. It may be used, but is less effective against halogenated and non-
halogenated semivolatile organic compounds and fuels. Typical specific constituents treated are
carbon dioxide, and hydrogen sulfide, for the purpose of taste and odor removal.

Types of air stripping processes are packed tower aeration (PTA), diffused aeration, tray
aeration, and spray aeration. The most effective of these at treating VOCs is the Packed Tower.
Water is passed down and air pushed up through a cylindrical shell packed with high-surface-area
material. This method is reported to be sufficient to remove volatile pesticides such as DDT and
DBCP. However when gas-off treatment is required for emission control, PTA is usually more

expensive than Granular Activated Carbon.

6.3  Reverse Osmosis. Reverse Osmosis uses pressure to force water through tube
like vessels that contain rolled-up sheets of semipermeable membranes. Water can pass through
the membrane sheets, but salt and any other undesirable constituents are left behind. The
wastewater left behind is more concentrated but still of large volume and must be disposed of.

This process is good for treating brackish water and meeting future drinking water
standards. However it merely concentrates the constituents in the water. Reverse Osmosis can

generate drinking water from unusable water. It does not treat pollutants.
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6.4 Distillation. Distillation is the mechanical process of removing dissolved and
suspended solids by vaporizing water with heat. A pressure tank is traversed by steam coils, and
a moisture separator. The removed vapor is then condensed into product water at the outlet. The
remaining brine is a slurry which must be disposed of.

Distillation is more expensive than Reverse Osmosis or Electrodialysis and is not a

treatment for pesticides or industrial solvents.

6.5 Evaporation Ponds, Holding Basins, Deep Well Injection. Evaporation

ponds are designed to allow for evaporation of water leaving a concentrated brine similar to
distillation. Unlike distillation, this process does not recover the vaporized water.

Holding basins provide separation through settling and floating. They do not treat
dissolved constituents, but are useful, inexpensive part of a treatment system.

Deep well injection of wastewater is being proposed in the Phoenix area for water
exchange purposes. Although this process may treat against Chloride, meeting the required
standard of 10 mg/l for Nitrates would require further treatment of the wastewater. This
treatment would concurrently treat against chlorides and result in water of sufficient quality for

uses other than injection.

6.6 Biodenitrification, Bioremediation, Chemical Reduction. Biodenitrification

is the ultimate removal mechanism for nitrates. This occurs through anaerobic metabolism in
bottom sediments with release of gaseous nitrogen to the atmosphere. This process occurs in a

well designed wetlands treatment process.
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Bioremediation detoxifies organics through the use of microorganisms. Microorganisms

degrade compounds in the dissolved phase, and bacteria converts mercury.

Chemical Reduction chemically converts hazardous contaminants to non-hazardous
contaminants or less toxic compounds that are more stable, less mobile, and/or inert. It targets
inorganics with effective treatment of non-halogenated volatile and semivolatile organic
compounds, fuel hydrocarbons, and pesticides. The reducing/oxidizing agents most commonly
used are ozone, hydrogen peroxide, hypochlorites, and chlorine, and chlorine dioxide. A
combination of these agents, or combination with (UV) oxidation, makes the process more
effective. This process is not cost effective for high concentrations due to increased amounts of
oxidizing agents required. Efficiency is decreased by oil and grease, therefore this would not be

a good initial treatment for storm drain water.

These three treatment processes address an entire pollution problem rather than the smaller
spectrum of a water cleaning problem. Unfortunately, they are NOT considered the best available

technology for pesticides including DBCP, industrial solvents, or total dissolved solids (TDS).

6.7  lon Exchange, Anion Exchange. Ion Exchange is most extensively used for
water softening. It is typically comprised of a bed packed with ion exchange resin beads which
are presaturated with an exchangeable ion. Water is passed through the media until the effluent
shows contamination. The reactivation of the media requires a regenerant solution and rinsing

water in preparation for another treatment cycle.
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Ton Exchange is currently considered the best treatment for nitrate removal. The process
traps nitrate ions and releases chloride ions. Only recently has a nitrate selective resin been
developed. Approximately two percent of treated water becomes wastewater as a result of back
flushing the resin with salt water. Although nonhazardous, disposal of this water in the Phoenix
area may be difficult in large quantities because it may overtax the wastewater treatment facilities,

and it is not suitable for recharge.

The Glenwood Project in Southern California had the following results from an Ion

Exchange system which was designed to remove nitrates from a ground water supply.

- Began Operation in July 1989

- Capacity = 1600 gpm (2.3 MGD)

- Cost = $127 per acre-foot (1990 dollars at 4.5 percent APR and 20 year life
expectancy)

- Initial and final water quality measurements are as follows:

Constituent Raw Treated

Nitrate 99 mg/l 23 mg/l

Sulfate 88 mg/l 0 mg/l

Chloride 61 mg/l 187 mg/1

Bicarbonate 181 mg/1 145 mg/l
60
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In 1990, Boyle Engineering proposed construction of a 10.4 MGD Ion Exchange Plant
for the City of Phoenix. Treatment cost was determined at that time to be 30 percent less than
the Central Arizona Project (CAP) water. The plant was not constructed, and plans to do so are
unknown by City officials.

6.8  Granular Activated Carbon (GAC). The full scale/conventional technology of
Granular Activated Carbon is a method that captures dissolved organic contaminants by passing
water through a series of canisters containing activated carbon which adsorbs the organic
contaminants. Periodic replacement or regeneration of saturated carbon is required. Effectiveness
may be limited to metals, carbon pore size, and operating temperature. Target groups are
halogenated and non-halogenated semivolatile organic compounds with potentially useful but less
effective treatment of halogenated volatile organic compounds, fuel hydrocarbons, pesticides, and
inorganics. DBCP has been specifically and successfully removed from Fresno California well

water using a GAC system designed by Boyle Engineering.

Granular Activated Carbon systems are commercially available, but are rated worse for
overall cost. Although GAC successfully removes organi‘cs from water, there still remains the
problems of either; a) disposing of the carbon resin, or b) regeneration through burning the

constituent from the walls of the carbon pores, which then may be dispersed into the air.

6.9  Electrodialysis. Electrodialysis removes dissolved solids from water under an
electric potential gradient. Cation and anion-permeable membranes are used alternately in a cell

with alternatively charged electrodes on each side. When an electromotive force is imposed, all
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positive ions move toward the anode and all negative ions move toward the cathode.
Electrodialysis reversal (EDR reverses the charge intermittently in order to defer clogging the
membranes thus extending the time between regenerating and virtual life of the membranes.
EDR is currently being used in Tolleson, west of Phoenix, to remove nitrates from their
groundwater. The treated water is blended with untreated water and distributed to the municipal

water supply. Their regenerating brine is sent to the 91st Avenue Treatment Plant.

6.10 Summary. In summary, there are many physical treatment processes for the
problem constituents in this area. However, in order to treat a combination of pollutants, it is
apparent that a combination of treatment processes would be required. This results in costly
treatment processes. The wetlands, however, is reported to treat, not just separate, almost
everything except Total Dissolved Solids (TDS). Wetlands treatment may be the "Best

Management Practice" for treating the water sources of concern in this study.
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EXECUTIVE SUMMARY

This report supports a reconnaissance-level geomorphologic evaluation of the
Lower Salt River and a portion of the Gila River in the Phoenix metropolitan area of
central Arizona. In addition to providing concepts and reviews, the report is a source
document for photographic and numerical data. Because it was prepared in a short period
of time, the report is at a reconnaissance level.

The environmental history of the river in this study area is one of dessication
through irrigation diversions and groundwater pumpting, damaging flood flows
accompanied by destructive channel instability and downcutting, and loss of riparian
vegetation. Between the late 1800s and the present, the hydrologic regime of the river has
been changed from one characterized by perennial flow punctuated by high early spring
discharges and occasional large floods to its present condition of no natural flows and only
sporatic floods created by dam releases and/or spills. Pumping has lower the groundwater
table up to several hundred feet in the portions of the study area, but in the vicinity of the
confluence of the Salt and Gila Rivers it remains within a few feet of the surface because of
shallow bedrock and continuous irrigation return flows in the Gila system.

The geomorphology and riparian ecosystem of the river have changed in response to
the adjustments in hydrology. Under natural conditions the channel was a sand-bed
braided configuration, but hydrologic changes have converted it to a compound channel,
with a slightly meandering low flow channel nested inside a wider braided one. Erosion by
flood flows have stripped the sand strata from the channel floor and uncovered the
underlying boulder and cobble layer. The eyewitness accounts and historical photographes
reveal that before extensive development of the region, much of the channel was without
vegetation, with bands of cottonwood and willow along the edges. The lowest terrace,
which in many cases may have acted as a flood plain, was often covered by mesquite
bosques. During the early 20th century, tamarisk (salt cedar), an exotic plant native to the
Mediterranean area, spread throughout the previously barren areas and created dense
forests and thickets across throughout the channel system. Cottonwoods and mesquite
were cut for human use, and the Lower Salt River became part of the 85 percent of the
natrual riparian environments lost in Arizona within the last century. In some reaches,
particularly the Tempe Rio Salado area and in Phoenix, channelization has imposed a
designed configuration. Under present conditions, the channel of the stream in the study
area ranges from completely artificial in the urbanized area to essentially natural in the
Salt and Gila confluence area.

It is not possible to restore the present system to its predevelopment condition
because of limitations associated with hydrology as well as urban and agricultural
development. The present condition of the river as derelict land should not continue,
however, and the river may be viewed as a restoration opportunity wherein a compromise
position between the two extremes is possible. Without restoration and associated flood
control projects, those reaches of the Lower Salt River that are engineered will be
endangered by flows in the channel because of the mobility of bed materials and erosion
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associated channel instability. Injections of sediment from Indian Bend Wash, a

constructed channel that is a Corps of Engineers project, will cause significant problems in

the main stream. The prospects of an improvement in the riparian ecosystem through
increased coverage of natural vegetation and reduced coverage of exotic tamarisk are
minimal without investment in environmental restoration projects.

Such projects include the management management of dam releases to permit
trickle flows during spring months, management of stormwater and agricultural runoff in
constructed ecosystems with artificial perched water tables, and the maintenance of
artificial riparian ecosystems with pumped and treated groundwater. Temporary storage
reservoirs retained by inflatable dams in northeast Mesa might be effective in increasing
the availability of water in low flow months, but linings of the reservoirs to reduce lateral
transmissivity would be required.

Additional potential projects included in a restored Lower Salt River are the
development of Granite Reef Dam into a museum and visitor center as a cooperative
effort among local water agencies, the conversion of the Jointhead Dam area east of Sky
Harbor into an environmental and historical museum and working riparian restoration
area for public visitation. The establishment of a Salt and Gila River Data Center to
reduce duplicative study efforts and provide public access to documents should be
administered by the Corps of Engineers as the primary integrative river management
agency for the river in the metropolitan area.

Constraints on restoration projects include problems with flood control (water and
sediment), water quality, and private property rights. Social issues also present problems,
including the displacement of homeless people now living in the river bed area, crime that
might be aided by the development of restored areas, and neighborhood destruction.

Disclaimer: This report expresses the opinions of its authors, and does not necessarily
represent opinions or policies of the U.S. Army Corps of Engineers or Arizona State
University.
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1 INTRODUCTION
1.1 The Lower Salt River

The Salt River drains 14,500 square miles of mountainous, desert terrain in central and
eastern Arizona. The stream rises in the White Mountains of eastern Arizona and flows generally
westward to its junction with the Verde River, a northern tributary draining the edge of the
Colorado Plateau near Flagstaff. From this junction near Mesa, the Salt River flows westward -
across the broad Salt River Valley to its confluence with the Gila River. The Gila continues
westward to its great bend in the Arlington and Gila Bend area, and thence west to Yuma where it
empties into the Colorado River. The Phoenix metropolitan area is situated near the center of the
Salt River Valley, and includes the lowest reaches of the Salt River as well as a portion of the Gila
River below its confluence with the Salt. During the twentieth century, the Phoenix area has
changed from an agricultural region to an urban region, resulting in significant changes in the
physical characteristics of the rivers. Agricultural and urban activities have given rise to an
intricate network of structures associated with the river for irrigation, drainage, erosion
protection, and flood control. Numerous upstream dams on the Salt and Gila rivers have radically
altered the hydrologic regime of the streams, causing further changes in the channels. Afier
damaging floods in 1978, 1980, and the early 1990s, environmental managers have sought a
clearer understanding of river forms and processes that are now partly natural, but significantly
modified. This understanding is a prerequisite for choosing among alternative management
strategies for the rivers as managers seek to balance competing interests of flood control, habitat
enhancement and wildlife protection, recreation, water quality, and a range of aesthetic
considerations.

The purpose of the present report is to assess the past and present geomorphic conditions
of the Lower Salt River and a portion of the Gila River in the Phoenix metropolitan area (Figure
1; see Appendices 8.1 for general locations and 8.2 for specific locations). This report is related
to a recent, similar geomorphological assessment for the Lower Gila River, a reach of the Gila
extending from the vicinity of Gillespie Dam in the Arlington area to Yuma (Graf et al., 1994).
Some broadly defined descriptive and bibliographic information is the same in the two reports, but
they are generally separate, address different areas, and explore different specific issues.

1.2 The Institutional Setting

Several governmental agencies have administrative interests in the Lower Salt and Lower
Gila rivers. Upstream dams were built by or are operated by the Bureau of Reclamation, Bureau
of Indian Affairs, and the Salt River Project, while the Corps of Engineers built and operates a
major flood control structure downstream from the study area (Table 1). In Maricopa County,
which encompasses the entire study area for this report, municipalities have direct interests in
management of the rivers, and the Maricopa County Flood Control District is the primary entity
for flood protection.

The U.S. Army Corps of Engineers has a long history of river engineering
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Table 1. Major dams and reservoirs in the Gila River Basin.

Dam River Reservoir Date of | Storage
\ Origin (ac ft)

Waddell Agua Fria Lake Pleasant 1927 165,000°
Bartlett Verde Bartlett Lake 1939 182,000
Horseshoe Verde Horseshoe Lake 1949 141,000
Stewart Salt Saguaro Lake 1930 71,000
Mountain
Mormon Flat Salt Canyon Lake 1938 59,000
Horse Mesa Salt Apache Lake 1927 248,000
Roosevelt Salt Roosevelt Lake 1911 1,398,000°
Coolidge Gila San Carlos Lake 1928 1,222,000
Painted Rock Gila Painted Rock Lake 1959 2,500,000

Note: ° indicates original storage capacity before modifications that are presently under way to
expand capacity. Data from International Commission on High Dams (1973).




and construction. Its legislative mandate for flood-related work appeared in U.S. House of
Representatives Document 308 in 1927. This formal authorization coupled with catastrophic
floods on the Mississippi River in 1928 stimulated the first major flood control work by the Corps
(Black, 1987, p. 22). Subsequent major flooding on the Susquehanna River in the middle 1930s
prompted the passage of the Omnibus Flood Control Act of 1936, which was the beginning of a
nation-wide flood control program (Leopold and Maddock, 1954). Omnibus flood control and
public works project bills were enacted by congress in many years thereafier. Two of these
omnibus acts, 1944 and 1954, had significant policy implications. After planning difficulties in
dealing with work on the Missouri River in the early 1940s, the 1944 Omnibus Flood Control Act
further defined the role of the Corps as the nation's primary flood control engineering agency.
While the Corps has dealt with flooding in downstream channels, the Soil Conservation Service
has dealt with upstream watersheds as the origin of flood waters (Bennett, 1955). The 1954
omnibus bill began the process of requiring cost sharing with the federal government for flood
control efforts, with later legislation increasing the degree of participation by local interests (Heft,
1984). Reflecting general trends in federal agencies that have heightened interest in
environmental quality (Feldman, 1991), the Corps has recently taken on an expanded mission that
combines habitat management and restoration with its long established mission of flood control.

As a result of this history, the Corps has significant responsibility for flood control and
related efforts on the Lower Salt River. Though the Corps has not built local channel facilities
along the Lower Salt River, the agency has constructed Painted Rock Dam to protect irrigation
works on the Lower Gila River from inundation and channel erosion. The dam, begun in 1957
and completed in 1960, can store 2.5 million acre feet of water, with controlled releases up to
22,000 cubic feet per second (Bureau of Reclamation, 1984). The Corps of Engineers has several
proposed projects related to the Lower Salt River. Although it is not known which, if any, of the
projects may eventually be completed, they represent an indication of the interest of the Corps in
the study area (Table 2).

The Bureau of Reclamation has primary responsibility for the development and delivery of
water resources. The Bureau's organic act is the 1902 Reclamation Act which was intended to
provide federal investment (with subsequent repayment by users) and expertise in the
development of water resources, primarily in the West (Sax, 1978). The Act was designed by
Congress to provide irrigation water to individual farmers with limited land holdings, and did not
adequately recognize the need for land leasing and the management of large land holdings. The
Bureau does not deal with individual land owners, but operates in cooperation with organized
irrigation districts, with the districts operating maintaining the distribution systems. The
Reclamation Reform Act of 1982 brought about significant adjustments in the Bureau's operating
methods, recognized leasing, and changed payment procedures (Goldfarb, 1988, p. 78).

The Salt River Project grew out of an association of irrigators in the Salt River Valley.
Irrigation has been conducted in the Salt River Valley since at least 300 AD when the Hohokam
people grew corn, beans, and squash with water from canals connected to the rivers. Modern

irrigation began in 1867 with the opening of canals to provide water near the present site of
Phoenix. Jack Swilling, an ex-Confederate cavalry soldier re-excavated some ancient canals,
delivered water to crops, and ignited interest in water development for agricuture in the area (Salt
River Project, 1983). Swilling simply cleaned sediment from the preexisting canals once used
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Table 2. U.S. Army Corps of Engineers, Proposed Projects on the Lower Salt River.

(Source: U.S. Army Corps of Engineers Memo, P. Atonna to P. LeBrun, June 1, 1994)

Location

Activity

Tempe to 35th Avenue

|

Reconfigure floodway to provide low flow channel,
terraces to serve as substrate for revegetation and public
recreation facilities

Granite Reef Dam to Agua Fria River

Revegetation for riparian zones

Granite Reef Dam to Agua Fria River

Reintroduction of native wildlife to restored and created
habitat areas

Granite Reef Dam to Agua Fria River

Install bank protection for landfill sites

16th Street to 7th Avenue

Construct a permanent lake adjacent to the downtown
area for recreation

Granite Reef Dam to Agua Fria River

Develop master plan for water releases from upstream
dams

Granite Reef Dam to Agua Fria River

Develop master plan for reclamation of present sand and
gravel mining sites and planning for future sites

Granite Reef Dam to Agua Fria River

Construct wetland treatment facilities at all major
stormwater outfalls

35th Avenue to Agua Fria River

Develop a master plan and construct channel and bank
configurations to serve multiple uses

Granite Reef Dam to Agua Fria River

Develop water supplies for free flowing stream to sustain
habitat areas

24th Street to 67th Avenue

Develop a series of park and recreation sites:

a. Sports Park, south bank, 16th-24th  Streets

b. Rio Salado Golf Course, Park, landfill site, south
bank, 7th-16th Streets

c. Esperanza Park, north bank, 7th Street-Central
Avenue

d. Promesa Park, south bank, 7th Street-Central Avenue
e. Union Rock Urban Lake, south bank, east of 7th
Avenue

f. Ecology Study Center, north bank, 23rd Avenue
Wastewater Plant outfall-35th Avenue

g. Laveen Recreation Area, south bank, 35th-51st
Avenues

h. Cedars Shores Recreation Area, north side, 51st-67th
Avenues




by the Hohokam. Through the following two decades, canal development in the Salt River Valley
spread widely, but control of the flow of the Salt River was problematic: it was too low in the
summer, and winter or spring floods constantly damaged irrigation works. In 1889, the
Committee on Irrigation and Arid Lands of the U.S. Senate visited the area as part of its
investigation of the possibility of federal support for irrigation developments that were too
expensive for local interests to fund. After considerable debate at the federal level, President
Theodore Roosevelt signed the National Reclamation Act (also known as the Newlands Act) into
law on June 17, 1902. The act provided for the formation of the U.S. Reclamation Service (later
renamed the Bureau of Reclamation) and the expenditure of federal funds to support construction
of dams and delivery systems for irrigation districts. The Salt River Project (SRP) was created in
1903 as an entity to negotiate with the federal government for large-scale construction projects
for the storage and delivery of irrigation water (Smith, K. L., 1986).

Until the mid-twentieth century, SRP was primarily a water-storage and delivery agency
for agricultural users, but after World War II, the Phoenix urban area grew rapidly, and the
mission for SRP changed. In 1903, the local community included fewer than 20,000 persons, by
1967 it had grown to 800,000, and in 1994 the population approached 2 million. To
accommodate the shift from agricultural to urban emphasis, SRP adjusted to deal with urban
water delivery issues, and it became a major component of the regional electrical power grid
(Smith, C. L., 1972). SRP operates the six major dams upstream from the metropolitan area on
the Salt River, and therefore must be taken into account in any plans for managing river flows and
floods through the urban area. SRP also owns land parcels in and near the river channel.

The Flood Control District of Maricopa County (FCDMC) is also a primary agency
involved with the management of the Lower Salt River and the portion of the Gila River included
in the present study. Although Maricopa County had undertaken some flood control efforts on a
relatively small scale before the early 1980s, widespread, coordinated projects became much more
common after the Arizona State Legislature mandated the formation county flood control districts
(Arizona Revised Statutes, Section 48-3601). The flood control district builds various flood
control structures, often in cooperation with other agencies such as the Arizona Department of
Transportation and the U.S. Soil Conservation Service. In addition, the FCDMC manages flood-
plain development by delineating flood plains and administering regulations for flood-plain users.
The FCDMC coordinates the participation of the county in the National Flood Insurance Program
(NFIP, administered by the U.S. Department of Housing and Urban Development), as established
by Congressional action in 1968 and revised in 1973. The availability of federally insured loans
and other federal assistance related to flood plains is dependent on adherence to federal and state
rules and regulations as administered by the Flood Control District. In exercising its
responsibilities, the Flood Control District has completed 32 projects and structures within
Maricopa County, including vegetation clearing projects, levees, bank stabilization, and channel
improvements (Figure 2).

The municipalities of Mesa, Tempe, and Phoenix have direct interests in the Lower Salt
River because the stream flows directly through their jurisdictions. Tempe and Phoenix have
direct construction interests in the channel. Tempe has committed itself to an ambitious effort to
convert five miles of the Salt River Channel and adjoining areas into a variety of land uses ranging
from habitat reconstruction to intensive commercial and residential activities. In 1989, the city
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adopted the Tempe Rio Salado Master Plan to guide the development under the general direction
of the City of Tempe Community Development Department (Figure 3). The Arizona Department
of Transportation, in association with the Red Mountain Freeway on the north bank of the river,
channelized the stream from the Hohokam Expressway (roughly the alignment of 48th Street) and
Mill Avenue, and the Flood Control District of Maricopa County extended the project upstream
to McClintock Drive, a short distance upstream from Indian Bend Wash (a Corps of Engineers
Project). The channel design includes grade control structures to limit scour, channel migration,
and degradation, and the general capacity of the channel is 250,000 cubic feet per second. The
expected 100-year flood for the reach after the nearly-complete improvements to Roosevelt Dam
is 160,000 cubic feet per second. The redesigned channel removes about 850 acres of land from
the previously defined flood plain (City of Tempe, 1993). .

1.3 Purpese and Scope of this Report

This report was commissioned under the provisions of Contract DACW09-94-M-0494,
U.S. Army Corps of Engineers, Los Angeles District, Arizona Region, Phoenix Planning Section
C. The report provides the Corps with a physical science perspective on a series of broad ranging
policy issues related to the geomorphology, hydrology, and riparian ecology of the Lower Salt
River. The following pages contain a philosophical perspective that might be used by the Corps in
assessing its institutional position with respect to the geomorphic condition of the channel. The
report uses historical data to reconstruct geomorphic and riparian conditions prior to extensive
development, and assesses the subsequent adjustments of the channel in response to dam
construction, river engineering, and vegetation management. The report collates relevant data
related to hydrology, geology, ecology, and human history, as well as defining sources of
information for further exploration. This report also explores the potential and constraints for
environmental restoration. Brief comments are included pertaining to flood control, especially the
relationship between flood control and environmental restoration. The report is at a
reconnaissance level and represents a general starting point for considering Federal involvement
in further activities on the Lower Gila River (Table 3).
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Table 3. General Corps of Engineers project process.

(Source: Goldfarb, 1988, p. 80-82)

Step Notes
1 | Congressional Local community and local officials contact the Corps of
Authorization for a Engineers, expressing concern that water and land resource
Reconnaissance problems are beyond local means for solution; Congressional
Report recognition of possible federal interest
2 | Congressional Federally funded, exploratory effort, if authorization is not
Appropriation for funded within 8 years, authorization ceases
Reconnaissance
Report
3 | Reconnaissance Directed by District Engineer, determines federal interest, costs,
Report Preparation benefits, environmental consideration (role of the present
report in the Corps process)
4 | Feasibility Report Does not proceed without identification of a local, cost-sharing
Preparation partner to work with the Corps, report for the use of Congress,
includes environmental impact assessment and cost-benefit
analysis
5 | Corps Review Review by Division Engineer, Board of Engineers for Rivers
and Harbors of the Corps, Chief of Engineers, state governor,
and Secretary of Interior.
6 | Final Project Report Chief of Engineers of the Corps sends final feasibility report to
Secretary of the Army; review by Office of Management and
Budget; then transmitted to Congress
7 | Congressional Some or all of the proposed work may be authorized, no project
Authorization of may be authorized if more than 5 years have elapsed since the
Project submission of the reconnaissance report
8 | Congressional A substantial backlog of authorized but unfunded projects exists
Appropriation for
Project
9 | Planning Engineering design work and development of specifications
10 | Construction Execution of the engineering work and final development of the

physical project
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1.4 Significance of the Lower Salt River
1.4.1 Urban Significance

The Lower Salt River provides water to the most largest and perhaps most important
metropolitan area in the interior southwestern United States. The area is diverse, both culturally
and economically, with the bulk of the economy relying on high tech manufacturing, government,
non-tourist services, trade and construction. The river is part of the social, economic, historical,
and natural landscapes of the region, and management of the river takes place within a
complicated urban context.

The greater Phoenix area is an urban center consisting of 25 cities, covering 9,226 square
miles of land in Maricopa County. It has a population of 2.2 million people, making it the 20th
largest metropolitan area in the United States and the largest metropolitan area in the Rocky
Mountain Region. The population in the greater Phoenix area accounts for 58% of the total
population in the state of Arizona (SRP, 1993). From 1981 to 1991 in-migrations have exceeded
out-migrations. In 1993 the bulk of the in-migrations came from California (79,214), Colorado
(25,228), Illinois (23,781), Texas (23,491), New Mexico (12,006), Utah (11,708). Despite being
a favorite area for retirees, the Valley's median age is 32, which is lower than the national figure
(Meyer et al, 1993).

Employment growth has kept pace with the population growth, and as of May 1994 the
unemployment rate for the greater Phoenix area was 4.6 percent compared to 6.0 percent at the
national level and 5.9 percent at the state level (Az. Workforce, 1994). Total employment for the
state of Arizona (May, 1994) is approximately 1.9 million of which 1.21 million are employed in
metropolitan Phoenix. The Valley has sustained an annual growth rate over the past 43 years has
been 6.3 percent. Much of the employment growth is in response to the population growth, but
the location of Phoenix also plays a major role. Phoenix is centrally located between Texas,
California and Mexico markets and can be reached in two hours by plane from most of these
markets.

Sky Harbor International Airport plays a vital role in the Phoenix metropolitan area
economy. It is the seventh busiest airport in the United States, and it is served by all the major
airlines (SRP, 1993). Statistics for 1988 showed that the airport had an $11.7 billion dollar
economic impact on the greater Phoenix area (College of Business, 1989). On a daily basis the
airport's economic impact is roughly $32 million dollars. The direct employment of the airport
(1988) was 21,497, and the total employment involved with the airport services was 199,219
(College of Business, 1989). On a given day in 1988, 461 airliners arrive and depart from Sky
Harbor airport, carrying 43,629 passengers to and from the Valley. In 1988 over 15 million
people used Sky Harbor. There were also 276 tons of air cargo a day moved in 1988 (100,740
tons a year). Products from the Phoenix metropolitan area are exported via Sky Harbor
International Airport to Mexico, United Kingdom, Japan, Canada, Taiwan, Malaysia, Germany,
France, Hong Kong and South Korea. In 1992 the total state exports brought in $6.2 billion
(Meyer et al., 1993).

The top 10 employers in Maricopa County during 1993 were the State of Arizona
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(34,000), Motorola (20,000), Maricopa County (11,975), Samaritan Health System (11,873),
Allied Signal Aerospace Co. (10,500), City of Phoenix (10,227), Honeywell (8,250), America
West Airlines (7,743), Arizona State University (7,500), American Express Travel Related
Services Co. (7,000) and Arizona Public Service Co. (7,000) (Meyer and others, 1993). Other
large employing fields are construction (57,400), trades (252,000), finance, insurance, real estate
(75,700), and services (297,600) (Meyer and others, 1993). Fifty percent of Phoenix's
manufacturing jobs are within the high tech fields of electronic components, aerospace,
computers, scientific instrumentation and telecommunications (SRP, 1993). This can be
compared to the national level, where only 16% of manufacturing jobs are in the high tech
industries. The 10 largest manufacturing firms in metropolitan Phoenix are: Motorola Inc., Allied
Signal Aerospace Co., Honeywell Inc., Intel Corp., AT&T Network Cable Systems, McDonnell
Douglas Helicopter Co., Cyprus Copper Co., Phoenix Newspapers Inc., Phelps Dodge Corp., and
Karsten Manufacturing Corp. (Meyer et al., 1993).

The Phoenix area is also the focal point for the health care industry, including the 350,000
square foot Mayo Clinic in Scottsdale. Other major health care institutes include the Good
Samaritan Medical Center, Phoenix Children's Hospital, Barrow Neurological Institute, the
Maricopa Burn Center and Arizona Heart Institute. Education in the greater Phoenix area also
plays a significant role in terms of the economy and the labor force. Arizona State University has
an enroliment of 44,000 students and offers 88 different bachelor's programs, 97 programs for
master's degrees and 52 doctoral degree programs. ASU had to construct a new campus (ASU
West) in the fall of 1988 to serve to the needs of the growing population and the technology
firms. A third campus may be opened in the future in the Southeast Valley (SRP, 1993). There is
also a strong community college district (Maricopa Community College District), which is the
second largest in the nation, with nine colleges, two college-centers, a skill center and 89,735
students enrolled (1992). The community college district has developed several customized
training programs that support the local businesses and industries. :

Phoenix also has several cultural and tourist attractions, which further supplement the
quality of life as well as the economy. More than 20 museums can be found in the Valley,
including the renown Heard Museum of Anthropology and Primitive Arts. Phoenix Symphony
Hall is home to the Phoenix Symphony Orchestra, Ballet Arizona and many other visiting musical
performers. There is also the Scottsdale Center for the Arts, the Herberger Theater, the Sun
Dome, Phoenix Art Museum, Taliesen West, Gammage Auditorium, Desert Sky Pavilion, the Red
River Opry and America West Arena. The Phoenix Zoo, the largest privately supported zoo in
the nation, is another large attraction and the Desert Botanical Garden contains one of the largest
collections of desert plants in the world. The metro Phoenix area is home to 8 of the top 25
Arizona tourist attractions (Meyer et al., 1993).

Urban Phoenix offers participating and spectator sports. Greater Phoenix has more than
120 golf courses and 1000 tennis courts. The mountains that ring the valley also provide
excellent hiking, walking, horse riding and mountain biking trails. Spectator sports also abound,
Phoenix Suns, Arizona Cardinals, Phoenix Roadrunners, Phoenix Firebirds, and Phoenix Cobras.
In the spring the Cactus League plavs a maior role in the local sports scene. from March to April
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million in revenue (Meyer et al., 1993). There are numerous PAC-10 collegiate athletic activities
available at Arizona State University. The area also hosts the New Year's Day Fiesta Bowl
football game. In the next two years Phoenix will host the NBA All-Star Game (Feb. 1995) and
the NFL Super Bowl (Jan. 1996).

1.4.2 Agricultural Significance

In addition to the urban context, the Lower Salt River is also part of the agricultural
matrix of the region. Management of the river directly affects agricultural activities because the
river supplies irrigation water and is located near much of the agricultural land. Protection and
enhancement of agricultural lands are part of any overall management plan for the river.

Cultivation of crops in the Valley began around 300 B.C., with the rise of the Hohokam
Indians. The Hohokams were an agriculturally based society relying heavily upon the water
flowing in the Salt River. They developed a series of brush dams and a network canals in and
around what is today Phoenix to supply water. Some of these canals are still present today. In
the 1860' and 1870's settlers from the Church of Jesus Christ of Latter Day Saints (the Mormons)
in Salt Lake City came to the region to acquire additional agricultural land. They settled for the
most part in the Lehi and Mesa townships in 1877 and 1878 respectively. In many cases the
Mormons cleaned and reused the canals built by the Hohokam civilization. -

As population increased in the late 1800s and early 1900s and farmers had to battle with
floods, droughts and other water problems, and there was an urgent need to deliver a more
constant flow of water for irrigation (Figure 4). The Salt River Water Users Association was
developed in order to acquire the needed funding for the construction of storage (Roosevelt) and
diversion (Granite Reef) dams. The federal government also bought the existing canals to
integrate them into one organization for the purpose of developing a consistent flow of water to
the surrounding communities. The Salt River Project (SRP) later evolved out of this integrated
system, because there was a need to negotiate with the Bureau of Reclamation. At present SRP is
the operating body of a much more extensive systems of canals and dams that supply water to
metropolitan Phoenix.

The main crops presently grown in the SRP district are compiled in Table 4. The SRP
farming district accounts for 9 percent of the total acres covered by these crops in the state of
Arizona. On the national scale (1990), the SRP farming district accounts for approximately 0.003
percent of the total acreage covered by these crops and 0.002 percent of the national value of
these crops. The major cash crops for this area are alfalfa and other hay, cotton, nursery-flowers
and onions. The four most extensive crops in terms of acreage are alfalfa and other hay, cotton,
sorghum and wheat. The value of the agricultural crops in the SRP district has generally declined
from 1990 to 1993, even though more land was planted in 1993 than 1990 (SRP Crop Reports
1990-1993). From 1990 to 1993 the gross yield per acre dropped from $788.95 to $642.54. The
decline may be the result of numerous causes, including urban encroachment onto farmlands,
farming of marginal lands, cost of irrigation, ground water quality, market values and market
needs. It would appear that the overall agricultural significance of SRP district is at the local
level, rather than the state or national level.
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Figure 4. Flood damage from the 1905 event in Tempe: a rail bridge east of the present Mill

Avenue Bridge. View is from the north bank, looking south, with the flank of Tempe Butte on

the left. Wreckage from the bridge remained in the channel at the location shown here until it was

removed in 1987 during channelization for the Tempe Rio Salado Project (U.S. Reclamation

Service Photograph 555, U.S. Geological Survey Photography and Field Records Library,
Denver)
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Table 4. Crops in Maricopa County, Arizona.

(Sources: SRP Corp. Report, 1993; Agricultural Statistics, 1991; Arizona Statistical Abst., 1993)

CROP Acres (1993) Value (1993) Acres (1990) Value (1990) Tot. Az. Acres (1991) Tot. U.S. Acres (1990) Tot. U.S. Value (1990)
Barley 1153 $299,780 - 1192 $350,448 20000 8201000 $905,923,000
Sorghum 2499 $589,389 1045 $236,588 10535000 $1,201,581,000
Wheat 2474 $755,807 1818 $621,756 68000 77286000 $7,298,833,000
Alfalafa & Other Hay 45932 $19,560,813 44278  $21,791,368 200000 ’ 26750000 $11,138,492,000
Cotton (upland) 21980 $14,092,917 23026 $18,518,430 359000 12196800 $4,923,943,000
Cotton Seed $2,758,490 $2,467,466 $739,238,000
Cotton (Am. Egypt) 121 $73,756 2409 $2,043,579 103000 231700 $182,650,000
Cotton Seed $10,196 $175,375

Lettuce 24 $60,900 256 $748,851 # 231300 $846,973,000
Onions 259  $2,445,343 91 $410,865 # . 138340 $488,786,000
Potatoes 85 $206,869 0 $0 6000 1388200 $2,409,052,000

Cantaloupes 287 $957,002 258 $768,453 #
Grapefruit 589 $591,491 662 $3,859,460 6200 133400 $380,764,000
Lemons-Limes 107 $253,349 17 $79,662 15400** 68300 $322,393,000
" Oranges-Tangerines 1032 $901,731 1165 $2,714,963 13600 632900 $1,749,743,000
W Pecans 26 $67,860 12 $20,741 $247,590,000
Nursery-Flowers 318 $5,776,680 310 $5,577,830 $502,551,000
Tatals 76886 $49,402,373 76539  $60,385,735 875200 247556940 $33,338,512,000

# These items were all considered under one category of vegetables (84,000 acres) and the 84,000 acres are included in the 1991 total.
** This number includes only the total acres of lemons.




1.4.3 Environmental Significance

The Salt River is a typical desert southwest ephemeral stream, although it has been
drastically altered by damming upstream. For most of the year a large portion of the stream
remains dry, though in some reaches wastewater effluent provides a small flow of water in the bed
of the stream. The biological environment depends upon the landscape or the river for a substrat
and upon its water for survival.

The riparian vegetation along the channels of the Lower Salt River consists of nine
associated types: cottonwood-willow, salt cedar, salt cedar-honey mesquite, salt cedar-screwbean
mesquite, honey mesquite, arroweed, Atriplex, creosote and salt cedar-willow-arrow weed
complex. The riparian vegetation is greatly effected by the high water flows. In many cases the
riparian vegetation is located on the terraces that have been created during flood events. At
present most of the communities consist almost exclusively of salt cedar-willow-arrow weed
complexes. In the past this was not always the case. There has been a series of successional
changes, where the original climax vegetation (cottonwood, willow, mesquite and arrow weed
communities) have been mostly destroyed by human disturbances and the salt cedar-willow-arrow
weed complexes have filled the niche created by human disturbances. In most reaches of the river
the salt cedar-willow-arrow weed complexes make-up approximately 95-100% of the riparian
vegetation. The most prominent species in the salt cedar-willow-arrow weed complexes is the
exotic invader salt cedar (Tamarix chinensis), which appeared around the turn of the century and
since its introduction has spread rapidly in the riparian corridor. At present the U.S. Fish and
Wildlife Service has not identified any riparian plants in this section of the river as endangered
species.

The fish and wildlife species have been cataloged in Table 5. This is not a complete listing
of all the species that live in the area, nor does it cover all of the migratory species that are ofien
found along the Lower Salt River. It does however, give the scope of the species that inhabit the
different ecosystems. The riparian vegetation and artificial effluent dominated wetland areas
support most of these wildlife species. In some cases the migratory birds also use agricultural
fields for food and cover, especially fields where grasses are grown. At this time, there are no
endangered species known to inhabit the study area. There are possibly two Federally listed
candidate species: Mexican garter snake (Thamnophis eques), and lowland leopard frog (Rana
yavapaiensis). Candidate species are those species that may warrant either a listing of
endangered or threatened status at the state or federal level. Other endangered and candidate
species may periodically inhabit this area, but most of these species are located outside of the
present study area.
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Table S. Common Plant and Animal Species Along the Lower Salt River.

(Source: Bureau of Reclamation, 1993)

Common Names

Scientific Names

Common Names

Scientific Names

Birds
lesser nigthawk
black pheobe
mouming dove
white-winged dove
Gambel's quail
black-crowned night heron
green-backed heron
great blue heron
Gadwall
mallard
green-winged teal
cattie egret
great Egret
American wigeon
cinnamon teal
ring-necked duck
lesser scaup

common merganser
turkey wulture
Cooper's hawk

Harris' hawk
red-tailed hawk
osprey
American kestrel
killdeer
greater yellowiegs
spotted sandpiper
black pheobe
blue grosbeak
summer tanager
Gila woodpecker
verdin
Bewick's wren
loggerhead shrike
least sandpiper
greater roadrunner
great homed owl
bam owl
western screech owl
Anna's hummingbird
black-chinned hummingbird
northem flicker
ladder-backed woodpecker
Vermilion flycatcher
red-winged blackbird
brown-headed cowbird
hooded oriole
northem oriole
northem cardinal
Pyrrhuloxia
black-headed grosbeak
house finch
Abert's towhee
white-crowned sparrow
Lincoln's sparrow
song sparrow
western kingbird

Chordeiles acutinpennis
Sayomis nigricans
Zenaida macroura
Zenaida asiatica
Callipepla pambelii
Nycticorax nycticorax
Butorides striatus
Ardea herodias

Anas strepera

Anas platyrhynchos
Anas crecca

Bubulcus ibis
Casmerodius albus
Anas americana

Anas cyanoptera
Anthya collaris
Anthya affinis

Mergus merganser
Cathartes aura
Accipiter cooperii
Parabuteo unicinctus
Buteo jamaicensis
Pandion haliaetus
Falco sparverius
Charadrius vociferus
Tringa melanolueca
Actitis macularia
Sayornis nigricans
Guiraca caerulea
Piranga rubra
Melanerpes uropyagialis
Auriparus fiaviceps
Thryomanes bewickii
Lanius ludovicianus
Calidris minutilla
Geococcyx californianus
Bubo virginianus

Tyto alba

Otus kennicottii
Calypte anna
Archilochus alexandri
Colaptes auratus
Picoides scalaris
Pyrocephalus rubinus
Agelaius phoeniceus
Molothrus ater

Icterus cucullatus
Icterus galbula
Cardinalis cardinalis
Cardinalis sinuatus
Pheucticus melanocephalus
Carpodacus mexicanus
Pipilo abert
Zonotrichia leucophrys
Melospiza lincolnii
Melospiza melodia
Tyrannus verticalis

Birds

northern rough-winged swallow
common raven

cactus wren

northern mockingbird
black-tailed gnatcather
ruby-crowned kinglet
phainopepla

European starling

Bell's vireo
yellow-rumped warbler
common yellowthroat
Mammals

coyote

gray fox

raccoon

striped skunk

cactus mouse

deer mouse

southern grasshopper mouse
white-throated woodrat
desert cottontail
black-tailed jackrabbit
western pipistrelle

big brown bat

Reptiles

Sonora mud turtle
spiny softshell

banded gecko

lesser earless lizard
greater earless lizard
long-tailed brush lizard
tree fizard
side-blotched lizard
regal horned lizard
western whiptail
coachwhip

Sonora gopher snake
checkered garter snake
black-necked garter snake
common kingsnake

Stelgidopteryx serripennis
Corvus corax

Campylorhynchus brunneicapillus

Mimus polyglottos
Poilioptila melanura
Regulus calendula
Phainopeplia nitens
Sturnus wuigaris
Vireo bellii
Dendroica coronata
Geothlypis trichas

Canis latrans

Urocyon cinereoargenteus
Procyon lotor

Mephitis mephitis
Peromyscus eremicus
Peromyscus maniculatus
Onychomys torridus
Neotoma albigula
Sylviagus audubonii
Lepus californicus
Pipistrellus hesperus
Eptesicus fuscus

Kinosternon sonoriense
Trionyx spiniferus
Coleonyx variegatus
Holbrookia maculata
Holbrookia texana
Urosaurus graciosus
Urosaurus ormnatus

Uta stansburiana
Phrynosoma solare
Cnemidophorus tigris
Masticophis flagellum
Pituophis melonaleucus
Thamnophis marcianus
Thamnophis cyrtopsis
Lampropeltis getulus

westemn diamondback rattlesnake Crotalus atrox

Amphibians
Sonoran desert toad
Great Plains toad
western spadefoot toad
lowland leopard frog
bullfrog

Fish

threadfin shad

carp

red shiner

channel catfish
largemouth bass
green sunfish

blue tilapia

yellow bulthead

Bufo alvarius

Bufo cognatus
Scaphiopus hammondi
Rana yavapaiensis
rana catesbiana

Dorosoma petenense
Cyprinus carpio

Notopis lutrensis
lctalurus punctatus
Micropterus salimoides
Chaenobryttus cyanellus
Tilapia aurea

Ameiurus natalis
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2 Without Project Conditions
2.1 The Study Area
2.1.1 Climate, Soils, and Geomorphology

The study area for this report consists of the channel and near-channel areas of the Salt
River from Granite Reef Dam to the Gila River, and the Gila River to its confluence with the
Agua Fria River--a total distance of about 41 miles (shown generally on Figure 1; see Appendix
8.2 for greater locational detail). In this area, the river flows through a major structural valley
with a relatively flat floor of deep alluvium, with its elevation above sea level falling from about
1300 feet to about 910 feet at the confluence of the Gila and Agua Fria rivers. The reach is in one
of the warmest and driest climates in the American Southwest, typified by the climatological
records for the airport at Phoenix. The average annual daily maximum temperature is 85 degrees
F (on average, 91 days per year are above 100 degrees F), average annual daily minimum
temperature is 57 degrees F (on average, 9 days per year are below freezing), and average annual
precipitation is 7.5 inches (with the summer monthly maximum resulting from August convective
storms) (Sellers, Hill, and Sanderson-Rae (1986). The potential evapotranspiration is slightly
greater than precipitation in only in January, and during the rest of the year, the soil moisture
budget is deficient (Hendricks, 1985, p. 41-2).

The soils in the vicinity of the channel throughout the study area are of the hyperthermic
torrifluvents association, a group of soils that are well-drained to excessively well-drained on
nearly level or gently sloping surfaces (Hendricks, 1985, p. 74-5). They are often sandy to
gravelly, but may inciude lenses of finer particles. They are often redistributed by water flows
associated with nearby active channels. The entire study area has been mapped in great detail for
soils by the U.S. Soil Conservation Service which has published maps made on aerial photography
at a scale of 1:20,000 (1 inch representing 1,667 feet) (U.S. Department of Agriculture, 1974;
1977). These maps provide a view of soil conditions in and near the channel in the early 1970s.
Since that time, conditions within the channel have changed in many areas, though the flood-plain
and terrace soils remain generally unchanged. The importance of the soil surveys is that they
describe soil physical and chemical conditions, water and soil relationships, and recommended
plant covers.

The Lower Salt River is associated with three pediment-inselberg complexes in the
surrounding terrain: Spook, Papago and Bush Pediments. The pediment-inselberg complex has
been likened to a conveyor belt, along which particles are entrained and eroded. Processes on
these features are directly connected to the Salt River, and an understanding of the sediment
regime of the system depends in part on understanding the surrounding slopes. A pediment is
usually an erosional ramp-like feature. It is a common feature found in most of the semiarid
regions of the world. Pediments form at the base of mountains or extend outward from the base
of an inselberg. The term inselberg refers to an isolated hill of solid rock, a good example of this
would be Papago Buttes. Pediments can be characterized by two relatively easily identifiable
qualities: (1) well-defined "break in slope" (a severe gradient change) between the pediment
surface and the inselberg hillslope of the same rock type and (2) a bedrock surface, in some cases
covered with a layer alluvium not more in thickness than 1/100 of the width of the pediment.
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Geomorphologists are still uncertain as to how pediments form. Many different theories attempt
to explain pediments and this has given rise to what has been called the pediment problem. The
pediment problem arises from two basic questions: (1) What process(es) form a pediment? and
(2) What causes the sharp break in slope between the mountain front and the pediment?

Of the more recent research two particular theories are of interest because they are the
most widely accepted, but they contradict each other. One theory, presented by T.M. Oberlander
in 1972 and 1974, suggests that pediments are relic features, that is, they formed when the climate
in this area was different and have not been altered since then. About 16,000 years ago, the
climate in this area was much wetter, and it is possible pediments were formed by a process of
parallel linear slope retreat. Another theory for the formation of pediments also suggests that they
formed under a different climate and are no longer forming under the present-day, drier conditions
(Twidale, 1976, 19780). In this explanation, deep weathering of rock during moist periods is
followed by striping of the weathered material by erosion. Abrahams ez al. (1984) argued that
pediments are continuing to form under the present-day, drier conditions, with pediments
reflecting a mutual adjustment between gradient and particle size. Irrespective of their formation
processes, the slopes along the Lower Salt River appear to supply the river directly with small
amounts of sediment compared to the direct fluvial inputs.

2.1.2 Geology

The study area is located in the Basin and Range geomorphic province (Fenneman, 1916).
This province covers a large section of the southwestern United States and northern Mexico
(Thornbury, 1965). It is characterized by internal drainage, which is prevalent in the northern
section and is found locally in the southern section. Although there are numerous geologic
structures in the province, the most common type is block faulting. Block faulting produces a
topography of sharp contrasts, where isolated, almost parallel mountain ranges rise in stark
contrast above low lying desert plains. In many cases, the basin areas are filled with thousands of
feet of sediment and debris, weathered in and transported from the adjacent mountains. However,
some of the basin areas are pediments, erosional surfaces cut into the edges of nearby uplands.

The. geology (mapped in Figure 5) of the eastern portion of the study area has been
examined in detail by Drosendahl (1989), with ages of rocks determined by Stuckless and
Sheridan (1971) and Stuckless and Naesar (1972). Granite Reef Dam is bounded on the south by
the Usery Mountains and to the north by the McDowell Mountains. The Usery Mountains are
composed of Precambrian Camelback Granite (1.4 million years old), which tends to be coarse
grained and in porpheritic. The granite is locally sheared and fractured. Veins, dikes, and mafic
inclusions are common features associated with the fractured rock. At the edges of the
Camelback Granite, slope angles tend to be low, less than 10 degrees. The low angle slopes are
erosional surfaces associated with pediment and inselberg complexes, and they are usually
covered with a thin veneer (about 2 feet) of weathered granite grus.

To the north, the southern end of the McDowell Mountains consist mainly of Tertiary
Geronimo Head Tuff (16 to 24 million years old). The tuff was derived from the Superstition
Caldera complex in the Superstition Mountains, and is formed from partially welded to nonwelded
rhyolitic ash flows and epiclastic breccias. Locally the tuffs are cut by basalt dikes and sills, which
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Figure 5. Portion of the Geologic Map of Arizona (Reynolds, 1988) showing the Lower Salt
River and part of the Gila River in the study area. The legend for the mapping units are on the
following two pages.
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Qy i Young alluvium (Holocene to latest Pleistocene)—Deposits in present-day river and stream channels. flood plains. and playas

Q

Surficial deposits (Holocene to middie Pleistocene)—Alluvium in present-day valleys and piedmonts, eolian deposits, and local
glacial deposits.

Qo

Older surficial deposits (middie Pleistocene to latest Pliocene)—Alluvium with less abundant talus and eolian deposits.

QTb

Basaltic rocks (Holocene to late Pliocene; 0 to 4 Ma)

- Volcanic rocks (Quaternary to late Pliocene)—Rhyolitic to andesitic rocks associated with unit QTb.

Tsy

Sedimentary rocks (Pliocene to middle Miocene)—Units deposited during and after late Tertiary normal faulting, sedimentary

parts of the Bidahochi Formation, and the Bouse Formation; commonly capped by patches of Quaternary surficial deposits.

Thy

Basaltic rocks (Pliocene to late Miocene: 4 to 8 Ma).

- Volcanic rocks (Pliocene to middle Miocene; 4 to 15 Ma)—Rhyolitic to andesitic rocks associated with units Tby and Tb.

Basaltic rocks (late to middle Miocene: 8 tc 16 Ma)—Unis. such as the Hickey Formation. erupted after most mid-Tertiary volcanism
and tectonism.

Sedimentary rocks (middle Miocene to Oligocene:; 15 to 38 Ma)—Deposited during mid-Tertiary orogenic activity in the Basin
and Range Province and southwestern Transition Zone

Volcanic rocks (middle Miocene to Oligocene; 15 to 38 Ma)—Silicic to mafic flows and pyroclastic rocks; includes some sub-
volcanic intrusions.

Volcanic and sedimentary rocks (middle Miocene to Oligocene).

Tso

Jm

Js

Jgc

Subvolcanic intrusive rocks (middle Miocene to Oligocene).

Granitoid rocks (early Miocene to Oligocene. 18 to 38 Ma)

Sedimentary rocks (Oligocene to Eocene or locally Paleocene)—Units deposited on the Colorado Plateau and Transition Zone
prior to or during the initial phases of mid-Tertiary voicanism; many units were deposited by drainages flowing north and east
onto the Colorado Plateau: includes "rim gravels” and associated finer grained rocks along the Mogollon Rim; also includes
Chuska Sandstone: some units, especially those in the Transition Zone, may overlap in age with unit Tsm.

Granitic rocks (early Tertiary to Late Cretaceous; 45 to 75 Ma)—Commonly muscovite-garnet-bearing peraluminous granite and
associated pegmatite

Granitoid rocks (early Tertiary to Late Cretaceous; 55 to 85 Ma)—Generally metaluminous granite to diorite and subvoicanic
porphyry.

Volcanic rocks (Late Cretaceous: early Tertiary near Safford)—Rhyolitic to andesitic volcanic rocks and locally associated sedimentary
and subvolcanic intrusive rocks

Mesaverde Group (Late Cretaceous)—Yale Point Sandstone, Wepo Formation, and Toreva Formation.

Sedimentary rocks (Cretaceous)—Dakota Sandstone. Mancos Shale, and related rocks near Show Low, Morenci (Pinkard
Formation), and Deer Creek.

Sedimentary rocks with local volcanic units (Cretaceous to Late Jurassic)—Bisbee Group (largely Early Cretaceous) and related
rocks, Temporal, Bathtub, and Sand Wells Formations. rocks of Gu Achi, McCoy Mountains Formation, and Upper Cretaceous
Fort Crittenden Formation and equivalent rocks.

Morrison Formation (Late Jurassic)—Locally mapped with San Rafael Group

San Rafael Group (Late to Middle Jurassic)—BIuff and Cow Springs Sandstones, Summerville Formation, Todilto Limestone,
Entrada Sandstone. and Carmel Formation :

Glen Canyon Group (Early Jurassic)—Navajo Sandstone, Kayenta and Moenave Formations, and Wingate Sandstone
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Granitoid rocks (Jurassic)—Granite to diorite. with loca' alkaline rocks; includes Triassic(?) granitoids in Trigo Mountains l

Jsv Sedimentary and volcanic rocks (Jurassic)—Sil Nakya, Ali Molina, and Pitoikam Formations. Cobre Ridge tuff. Rudolfo Red |
Beds, Recreation Red Beds. Gardner Canyon Formation, and part of the Canelo Hills Volcanics in southern Arizona: Harquar l
formation and rocks of Slumgullion in western Arizona 1

l

JV' Volcanic rocks (Jurassic; locally latest Triassic}—Mount Wrightson Formation, part of Canelo Hills Volcanics, Mulberry Wash
= Volcanics, Black Rock Volcanics, and equivalent rocks

Sedimentary and volcanic rocks (Jurassic and Early Triassic)—Buckskin Formation, Vampire Formation, and Planet Volcanics in
west-central Arizona.

-F(C Chinle Formation (Late Triassic)}—Shinarump Conglomerate Member ( %s ) mapped separately in most areas.

Moenkopi Formation (Middle[?] and Early Triassic).

NlZO Orocopia Schist (Jurassic protolith; Cretaceous metamorphism).

Mesozoic and Paleozoic rocks—Structurally complex Jurassic, Triassic, and Paleozoic rocks in west-central Arizona.

PZ Paleozoic rocks, undifferentiated.

Sedimentary rocks (Permian)—Kaibab Limestone, Toroweap Formation, Coconino Sandstone, San Andres Formation, and
Glorieta Sandstone on the Colorado Plateau; age-equivalent rocks in the Basin and Range Province and Transition Zone are
included with unit P[P

P [P Sedimentary rocks (Permian and Pennsylvanian)—Hermit Shale, Supai Group, Naco Group, De Chelly Sandstone, Cutler Group
Pakoon Limestone, Callvilie Limestone, and Queantoweap Sandstone.

Sedimentary rocks (Mississippian to Cambrian)—Redwall Limestone, Temple Butte Limestone, and Tonto Group in northern
Arizona; Escabrosa Limestone, Percha Shale, Martin Formation, El Paso Limestone, Abrigo Formation, and Bolsa Quartzite in
southern Arizona.

Sedimentary rocks (Middle Proterozoic)—Grand Canyon Supergroup (locally Late Proterozoic), Apache Group, Troy Quartzite, and local
basalt flows and diabase.

- Diabase (Middle Proterozoic; 1100 Ma).

Granitoid rocks (Middle Proterozoic; 1400 Ma).

: ng | Granitoid rocks (Middle or Early Proterozoic; 1400 Ma or 1650 to 1750 Ma).

Granitoid rocks (Early Proterozoic; 1650 to 1750 Ma)—Granite, granodiorite, tonalite, quartz diorite, diorite, and gabbro;
commonly foliated.

Quartzite (Early Proterozoic; 1700 Ma)—Mazatzal Group and similar rocks.

Xms Metasedimentary rocks (Early Proterozoic; 1650 to 1800 Ma).

Metavolcanic rocks (Early Proterozoic; 1650 to 1800 Ma).

MAP SYMBOLS

Thrust or reverse fault

_— Contact

—  Fault

—  Low-angle normél fault
_+—"" Detachment fault

Middle Tertiary mylonitic fabric; lined pattern is
approximately parallel to lineation.

Mesozoic to early Tertiary metamo}phic fabric
in Proterozoic to Mesozoic sedimentary rocks
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have formed along pre-existing faults. The basalts have ages ranging from 17.7 to 18.7 million
years. The Gernoimo Head Tuff overlies the Camelshead Formation, which consists of poorly to
moderately sorted and stratified sandstones and conglomerates.

From Granite Reef Dam to the city of Tempe, the surrounding geology north and south of
the river changes from bedrock outcroppings to valley fill and alluvium. Valley fill has been
accumulating since the onset of the basin and range formation, so that in many portion of this
reach of the river the fill is greater than 1000 feet deep. The underlying bedrock surface is below
sea level in many areas. The valley fills tend to be more coarse near the mountain fronts, and
more fine in the interior of the valley. Near the Salt River, the valley fills have been eroded as the
river formed terraces during its evolution.

In the interior of the valley, most of the valley floor is covered by coarse to fine grained
alluvium. This material has been continuously deposited by the shifting channels of streams
draining the mountains. Sand and gravel, moderately well sorted and stratified, compose the bulk
of the deposits left by the Salt River. These deposits are composed of well-rounded clasts and are
locally interbedded with silts and clays. The fine sediments are derived from overbank flows.

Near Tempe, the river is constricted by Papago Buttes to the north and Tempe Butte to
the south. Papago Buttes are Tertiary breccia of the Camelshead Formation (Péwé et al., 1986).
The sedimentary breccia was deposited during alluvial fan formation during the Tertiary. The
fanglomerate has subsequently consolidated to form breccia. There are also outcrops of the
Camelback Granite and Precambrian metarhyolite directly adjacent to Papago Buttes. On the
south bank of the river, Tempe Butte consists of late Tertiary rhyodacite, underlain by
interbedded strata of the Tempe Beds, layers of arkosic sandstones, siltstones, and tuffs.

From Tempe to the Agua Fria confluence with the Gila River, the geology associated with
the channel is dominated by valley fills and alluvium. The water table is closer to the surface in
the western portion of the study area because of shallow depths to bedrock and because of
numerous relatively impermeable clay layers within the alluvium. South of this reach is South
Mountain, a metamorphic core complex composed mostly of Precambrian granite gneiss (Wilson
etal.,, 1957; Reynolds, 1985). At the western edge of the study area are the Sierra Estrella
Mountains. Like the South Mountains, they are mostly Precambrian granite and gneiss. Both
ranges include local outcrops of Precambrian schists and Cretaceous granites.

2.1.3 Riparian Ecology

Riparian is defined as relating to, living on, or located on the banks of a natural water
course (river) or sometimes a lake or tidewater (Ohmart and Anderson, 1986). Lowe
(1964) defined riparian ecosystems as riparian associations of any kind (excluding marshes) which
is in or adjacent to drainage ways and or their flood plains and which is further characterized by
species and or life forms different from that of the immediatelysurrounding non-riparian climax.
This also includes plant communities located along drainage ways either permanently or
intermittently flowing.

Riparian habitats should be afforded a high priority status in any land planning or
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management efforts because of their importance to fish, wildlife, and recreational activity.

For instance, it has been observed that 64 wildlife species presently listed as endangered

and an additional 47 more species being considered for listing are dependent on riparian

habitats (Johnson, 1978). Past treatment of these habitats as sewage transport systems, and
refuse landfill sites must be re-evaluated, and special attention needs to be paid to these
ecosystems. The U.S. Council on Environmental Quality (1978) estimated that between 70 - 90%
of the natural riparian ecosystems in the U.S. have been destroyed by human induced activities. In
Arizona alone, 85-95% have been lost (Warner, 1979). Riparian habitat studies (Carothers et al.
1974; Ohmart and Anderson, 1976; Ohmart and Anderson, 1986) found that more than 60% of
the vertebrates in the Southwest were obligated to riparian ecosystems. These studies also found
that the highest densities of breeding birds in North America were found in riparian habitat
regions. If these habitats were lost or continued to be destroyed then 60-80% of our native
wildlife species could be lost in the western U.S. (Ohmart and Anderson, 1986).

Riparian vegetation is important for several reasons: as a food source, shade source
for smaller order streams, bank stabilizer by preventing excessive sedimentation, and
intercepting pollutants (Mahoney and Erman, 1984; Asmussen et al. 1977). Vegetation
may also improve water quality in agricultural watersheds (Karr and Schlosser, 1977, 1978).
Riparian vegetation is also important as a means of flood control by reducing flow velocity
and its erosive energy during flood events (Chaimsson, 1984; Li and Shen, 1973).

Gallery forests of Populus fremontii Wats. and Salix goodingii Ball are found along
the flood plains of low elevation rivers, like the Gila, in the desert southwest. Historically
these forests covered hundreds of miles along the lower reaches of rivers, like the Salt
and Gila (Stromberg, 1993). In modern times these Sonoran cottonwood and willow
forests are one of the most endangered forests in the U.S. (Swift, 1984).

Optimal conditions for cottonwood - willow forests are found in depositional
environments where fine grained alluvial substrates are located on flood plains (Stromberg,
1993a and b). These forests commonly occur with other riparian assemblages because fluvial
processes such as flood-plain aggradation and channel meandering create environmental gradients
and mosaics (e.g., water table depth, inundation frequency) which favor diverse riparian species
assemblages (Lacey ef al. 1975; Brown, 1982). Assemblages include Sonoran interior
marshlands dominated by 7ypha spp. (cattail), Scirpus spp. (bulrush), or other emergents;
Sonoran riparian scrubland dominated by Bacchariss Salicifolia (R&P) Pers. (seepwillow),
Hymenoclea spp. (burro brush), fessaria sericea (Nutt.) Shinners (arrowweed), Suaeda
torreyana Wats. (seepweed), or Atriplex spp. (saltbush); and Prosopis spp. (Sonoran riparian
mesquite) forests (Stromberg, 1993). The mature cottonwoods and willows reach
90 feet in height and 10 feet in diameter (Stromberg, 1993).

Cottonwood and willow forests normally are composed of spatially separate, same
age cohorts which grow in linear bands parallel to the primary or secondary channels
(Stromberg et al., 1991). The bands represent the previous locations of channel-edge
environments that have subsequently been abandoned by shifting channel positions. The oldest
trees are located on the flood plains up to 600 feet from the primary channel and the youngest
cohorts closest to the channel . The life spans of these trees are from 100 to 150 years (Stromberg
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et al. 1991).

Threats to cottonwood and willow forests are primarily from human activities
such as groundwater pumping, damming, surface flow diversion and regulation, and
interbasin groundwater and or surface water flow transfers. Although dams and large scale
diversions have not increased in numbers recently (Beaumont, 1978), riparian ecosystems still are
threatened. Artificial inputs of water occasionally support riparian communities similar to natural
assemblages, particular in areas with waste water effluent (Tellman, 1992). Diversion of this
effluent is being contemplated by numerous cities as an alternative to meeting stringent water
quality standards, but diversion could result in the decline or elimination of the riparian
vegetation (Jones and Snyder, 1984). Instead of diverting the effluent the authorities could decide
to construct artificial wetlands at the effluent release point. These wetlands are excellent filtering

mechanisms for removing heavy metals and nutrients that often occur in effluent water (Sullivan,
1991).

Riparian ecosystems along regulated river reaches are impacted in subtle ways.
For example, since impoundments decrease water velocity and this consequently reduces
the transport capability of suspended material, sediment and nutrients are deposited in the
impoundment area rather than being released into the below-dam system. These sediment depleted
flows have an increased erosive power which causes channel downcutting and a decline in riparian
water tables (Bradley and Smith, 1984; Williams and Wolman, 1984). These changes impact
cottonwoods, willows, and any other riparian trees dependent on shallow water tables and on the
deposition of alluvial recruitment areas, and can lead to the loss of gallery forests (Stromberg,
1993). Since the age of some dams (less than 50 years) is young in comparison to the forest life
spans (100 to 200 years), impending forest decline may be hidden by the apparent vigor of the
mature forests (Petts, 1985). Furthermore, summer or fall high flows tend to favor tamarisk.
Tamarisk has the ability to establish itself after floods that occur during any part of the growing
season unlike cottonwoods and willows (Horton et al. 1960). Tamarisk forests have low habitat
value because they have low plant species diversity, low canopy height, and low vertical and
horizontal complexity (Rosenberg et al. 1991).

Large dense Prosopsis spp. (mesquite) forests or bosques are found along
abandoned lakes, lake edges and river flood plains (Jarrell and Virginia, 1990). Mesquite
bosques were once the most abundant riparian type in the Southwest (Klopatek ef al. 1979,
Brown, 1982) but are now reduced to remnant status. Most mesquite bosques are large (one mile
long and 600 feet wide), but these are small compared to pre-settlement bosques which spanned
widths of 5 to 10 miles and extended for hundreds of miles along reaches of
the Gila River (Minckley and Clark, 1984; Minckley and Rinne, 1985).

Mesquite bosques often occur with associations that include Populus Salix
(cottonwood-willow) forests, Tamarix supp. (exotic tamarisk) forests, shrub
associations, and emergent herbaceous associations (Brown, 1982). Within such
complexes, bosques often cover more area than any other types, as much as 56% on the
Gila River (Lacey ef al. 1975). Bosques usually are found on the drier habitat types within
the riparian continuum. The locations for this setting are flood plains or low terraces several
meters above the streambed, and up to 45 feet above the water table (Brown, 1982; Turner, 1983;
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Stromberg et al. 1992). Most bosques are made up of high densities (400-2000/acre) of young
or second growth multi-trunked trees (Minckley and Clark, 1984). The tallest trees are up
to 50 feet high, but most of the tree diameters are less than 1.5 feet (Minckley and Clark, 1981).

Prosopis pubescens Benth. (screwbean mesquite) is a distinct species that is found
along the Gila River. Less than 25% of the trees in bosques are composed of this species. Others
can include: Acacia gregii Gray (catclaw acacia), Celltis reticulata Torr. (netleaf hackberry),
Cercidium floridum Benth. (blue palo verde), Chilopsis linearis (Cav.) Sweet (desert
willow), Fraximus pennsylvanica Marsh. spp. velutina (Torr.) G.N. Miller (velvet ash),
Juglans major (Torr.) Heller (arizona walnut), Morus microphylla Buckl. (Texas mulberry),
Populus fremontis Wats. (Fremont cottonwood), Salix goodingii Ball (Gooding willow),
Sambucus mexicana Presl. (Mexican elder), and Sapindus saponaria L. var. drummondi (H.
& A.) Benson (soapberry) (Minckley and Clark, 1981, 1984; Szaro, 1989; Stromberg et al.
1992).

Mesquite basques go through cycles of formation and destruction on time scales that
range from decades to centuries (Minckley and Clark, 1984). Dynamic fluvial processes
are required to serve as recruitment sites for young mesquite, specifically flood plains.
These may be formed by sediment deposition on streamside areas by silt laden floodwaters,
lateral movement of the stream channel away from the floodplain, or entrenchment of the
channel and subsequent lowering of the water table (Lacey et al. 1975). Floods also
destroy basques. An example occurred on the Gila River when a bosque was destroyed in
1978 as a result of prolonged flooding. The flood waters undercut and collapsed the
flood plain, thus wiping out the mesquite located on the surfaces. Minckley and Clark
(1984) believe that most of the basques in Arizona are relatively young, less than 100 years old
based on observations that massive flooding around the turn of the century concurrently
destroyed existing basques and created habitats for new bosque development.

The native vegetation along the lower Gila River floodplain has changed dramatically over
the last century (Haas, 1972). In this area immediately downstream from the study area of the
present report, most of the changes occurred with the arrival of Anglo-American settlers.
Riparian forests of mesquite, cottonwoods, and willow were replaced with salt cedar or tamarisk.
Salt cedar is a phreatophyte native to Eurasia, and was probably introduced into the U.S. in the
19th century (Robinson, 1965). In 1846 cottonwoods along the lower Gila River were described
as 25 to 30 feet high and the bottom land was thickly overgrown with willow (Emory, 1848).
Emory also mentioned that many signs of waterfowl, deer, and beaver were present. The river
bottom also had areas covered with salt and had many salt lakes located within the flood plains.

The Gila River was a very popular route to California, and consequently had many miners
and farmers passing through the region. They removed riparian trees for fuel, buildings, fence
posts, and to clear the land for crops. This clearance provided conditions favoring the later
incursion of tamarisk by decreasing competition from native species (Harris, 1966). Tamarisk
spread through Southwestern river systems at a rate of almost 15 miles per year (Graf, 1978).
Tamarisk was also used for windbreaks and erosion control. This practice resulted in the tamarisk
seeds being widely distributed over the region (Robinson, 1965). An additional aid to tamarisk
establishment may have been construction of dams and the resulting new channel patterns and
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flow frequency. As a result the lower Gila River bottoms were described as desolate areas of
sand and silt with thickets of arrowweed in 1923. Over time various efforts have been directed
toward the elimination of tamarisk along the lower Gila River region. The largest clearing effort
took place between January 1958 and September 1959 when a swath 400 feet wide and 50 miles
long was cleared by bulldozers (Frost and Hamilton, 1960). Localized clearing efforts continue.

Within the study area, some reaches of the Lower Salt River between Granite Reef Dam
and the confluence with the Gila River were at one time nearly completely covered with tamarisk, |
but they are now almost completely without the plant. Dense forests once existed along the river |
in northeast Tempe, especially between Rural Road and McClintock Drive as revealed by
historical photography. As groundwater pumping accelerated during the 1950s and 1960s, the
water table was lowered along the river in this reach, and the depth to groundwater became too
great to support dense growth of phreatophytes (Table 6). Although there are records of
tamarisk roots extending to a depth of 55 feet, the critical depth to groundwater appears to be
between 15 and 30 feet. When water is deeper than this general threshold zone, phreatophytes do
not survive in this area, while water at shallower depths supports dense growth (Graf, 1980;
1982). Wastewater effluent supports a narrow strip of phreatophytes downstream from the 91st
Avenue Wastewater Treatment Plant, and relatively dense growth across much of the channel
thrives on high groundwater fed by the Gila River in the vicinity of its confluence with the Salt.

2.2 Environmental History
2.2.1 Photographic Environmental History

Analysis of the environmental history of the Salt River from Granite Reef Dam to
the confluence of the Agua Fria River is facilitated by the use of historical ground
photographs, aerial photographs and written accounts. The following pages will discuss the
environmental history through observations from historical ground photographs and aerial
photographs, focusing on reconstructing the history of the riparian vegetation as well as the
geomorphology of the area (see Appendix 8.4 for sources of historical photography and
descriptions of representative photos). Later pages explore the written accounts.

Prior to 1890 (pre-development), the riparian vegetation appeared to be dominated
by the cottonwood, willow and the various species of mesquite. This type of vegetation was
common in all of the pictures from this time period. This suite of vegetation is considered
to be representative of the natural 'climax’ species that would be found in undisturbed
riparian corridor along the Salt River. Cottonwoods occurred along the outer bank of the
river, at the extreme edge of the natural riparian vegetation. The willow and mesquite
basques were located inward of the cottonwood, adjacent to the low flow channel and
closer to where there was a more continuous flow of water. Some channel areas were
barren, while others had vegetation in strips along the low flow channels and abandoned
high flow channels (Figures 6 and 7).

In the 1920s tamarisk had become well established in the riparian corridor. The
earliest account of this exotic species was around 1900, but it did not really begin to
establish itself until the late 1910’s and early 1920’s. The coverage of tamarisk was
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Table 6. Historical Phreatophyte Cover of Individual Reaches. I
(Source: Unpublished data, W. L. Graf) '
Country Mill Ave. 7th St.to 59th Ave. l
Year Club to to 7th St. 59th Ave. to Mon. Total
Mill Ave. Hill I
1937 2,374 2,460 4,198 2,495 11,527 |
1957 1,315 1,783 1,993 2,259 7,350 k
1961 996 1,216 1,960 2,414 6,586 I
1971 1,536 841 246 911 3,534 ’
1973 396 363 456 749 1,964 ’
1979 315 560 575 1,016 2,466 I
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Figure 6. The McDowell Crossmg area of-the Jalt R‘ver in northeast Mesa, w1th

McDowell Peak or Red Mountain in the background. Above: view in 1905 (photo from

the Library of Congress). Below: view in 1981 (Graf photo 41-20). Note change in bed
material from sand to cobbles as a result of downcutting.
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Figure 7. The south branch of the Salt River Channel in Tempe in 1902, looking west
toward Tempe Butte, without tamarisk. The area shown in the left foreground of the photo I
is now the north end of Sun Devil Stadium, and the entire area of the foreground is now a
parking lot. l
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heaviest in period of the 1940’s. Pictures from the Mill Avenue Bridge showed the channel
almost entirely covered with this species. In the 1950's there was a reduction of vegetation
in general along the river. This was in response to vegetation removal programs and
fluctuations in the groundwater levels. Photographs of the vegetation removal programs
show removal of not only the exotic species, but also the removal of the native species. The
trend of decreasing coverage of riparian vegetation continued until the mid 1960’s. In the
late 1960’s the exotic species began to dominate the channel once again, increasing in
density and areal extent. This continued until the early 1980’s when vegetation clearing
programs were enacted again. At present the vegetation is restricted to certain reaches
where there is groundwater near the surface or where effluent flows in the channel. A
good example of this is the confluence of the Salt and Gila Rivers, where there is a
relatively dense cover of vegetation. The Salt and Gila River area has a high water table
and continuous flow of effluent throughout most of the year. This area is dominated by
tamarisk, but locally there are some sites where native species are present.

The historical photography shows that the geomorphologic history of the river is
very complex. It is characterized by scour and fill events, floods and channel shifts. The
ground photographs and aerial photographs document the impact on riparian systems
caused by the meandering nature of the river system. However, more recently urban
development in the region has altered the channel from meandering, to a straight channel
with high banks in several reaches. Comparative photos show the channel has shifted
within the flood plain several times from the 1880s to present, meandering on the north
side of the flood plain during some periods and on the south side during others. Channel
shifts have distributed alluvial material across the entire width of the floodplain. The
alluvium deposited by the river consists of cobbles, sands, silts and clays from numerous
tributary streams within the watershed. From well log data, it is evident that this
depositional history has been continuous over a long period of time.

Photos from the 1880s to the 1970s provide evidence that the river is dominated by
scour and fill events, which degrade the river in some areas and aggrade it in others. The
scour and fill transportation of sediment has produced numerous thick deposits within the
fluvial system: cobble lag surfaces, sand sheets (macro-forms), channel side bars,
mid-channel bars, point bars and overbank deposits (Figure 8). Many of these deposits
have recently been disturbed by intensive mining for sand and gravel. Mining of sediments
alters later transportation events, by reducing the amount of material that can be
transported by removal and compaction, loosening other sediments and sand pits serve as
depositional traps for fine sediments.

Sediment transported in a scour and fill setting tends to move in waves or pulses,
rather than at a constant rate through time. In essence there are slugs of sediment moving
downstream periodically during flow events. The historical photography confirms that
flood flows are probably the most important events in the transportation of sediment.
Flood flows have the highest potential to move material. During a flood event the bulk of
the sediment is moved as bedload, but there is also movement of sediment as washload, in
solution and suspension. Prior to damming of the river, smaller flow events moved
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Figure 8. Aerial view of the Salt River in Tempe, including the Mill Avenue Crossing,
taken in 1937 with north toward the top. Note the south channel branch near Tempe
Butte, similar to the configuration shown in the 1902 photo in Figure 7. The meander in
the upper right corner of the view is now completely urbanized. (Photo obtained by K.
Randall from the U.S. National Archives, Washington, D.C., Record Group 114).
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sediment (fine sands, silts and clays) by incising downward into the larger slugs of sediment
found in the channel. However, incision and movement of sediment by these smaller events do
not compare to the order of material move during a flood event.

In summation, the environmental history of the proposed study reach is a story of change.
There have been continual changes in the vegetation found in the riparian corridor, both by natural
and anthropogenic causes. The river has shifted its course on numerous occasions, creating new
depositional environments, new sediment sources and new mediums for plant establishment. At
present the environment should be considered degradational, with the river continuing to incise
downward. The sediment that is moved in this section of the river is carried downstream, with a
large portion of it stored behind downstream dams.

2.2.2 Pre-Development--Prior to About 1890

l Written accounts of the Lower Salt River before extensive development by
Anglo-Americans provide a view of the general hydrologic conditions and vegetation types that
naturally existed along the river. These descriptions of the river prior to 1890 come from a few
l . brief mentions (and one longer account) of the area in the letters and journals of missionaries,
trappers, and government agents. Major trails through Arizona followed by early settlers,
i trappers, and miners on their way to California did not pass through this area, making accounts

from this early period scarce. See Appendices 8.5 and 8.6 for sources and quotes from accounts.

Prior to development, the Lower Salt River was a perennial stream fed by snowmelt from
the mountains to the east and the highlands to the northeast. Its clear, streaming waters
contrasted greatly with the muddy, sluggish Gila River to the south and west. John Russell
Bartlett (1854, 243-4), who provides the most extensive accounts of the Salt River during this
period, notes that "the quantity of water passing down the Salinas is more than double that of the
Gila, which only becomes a respectable river after it receives the waters of the former." Flows in
the river had a distinct seasonal pattern, with highest flows occurring in December and January
and lowest flows in October (Halpenny and Greene, 1975). The high flows, estimated at several
hundred thousand cubic feet per second by Halpenny and Greene (1975), covered the flood plain
and low terraces with large amounts of sediment. Bartlett (1854, 240-1) states: "The margin of
the river on both sides, for a width of three hundred feet, consists of sand and gravel, brought
down by freshets when the stream overflows its banks; and from the appearance of the drift-wood
lodged in trees and bushes, it must at times be much swollen, and run with great rapidity."

The written accounts provide little information on the geomorphology of the river. The
main channel ranged in width from 80 to 120 feet near present-day downtown Phoenix to about
750 feet a few miles below Granite Reef Dam (Figure 9). Halpenny and Greene (1975), drawing
from various historical sources and personal experience, suggest that while the high flows in the
winter determined the width, depth, and capacity of the river bed, the steady snowmelt flows in
the spring established the dimensions of the main channel (or channels).

The bottom lands of the Salt River supported a variety of vegetation, including trees,

shrubs, marsh plants, and some grasses. Large cottonwood, willow, and alder tress grew along
- the margins of the river, and mesquite, greasewood, paloverde, and sagebrush covered the low
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Figure 9. Views of the Salt River lookin
the earliest readily available photograph of the river, taken about 1892 and included in the

g southwest near the site of Sky Harbor Airport. Above:

Arizona Governor's Report to Congress

in 1896 (Photo #10191, Arizona Historical Society,
Tucson, Hazard-Dyson Collection). Bel

ow: the same view in September 1980 (W. L. Graf
Photo 39-1,2).
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terraces. Dense mesquite and other shrubs made crossing the bottom land impossible in places,
while in other locations the vegetation was more scattered. Bartlett (1854) noted several species
of fish in the waters, similar to those he found in the Gila River.

Almost all accounts mention the agricultural potential of the soils in the valley. Several
writers note that the land appeared to have been cultivated and that canals once supplied water to
fields from the river. Surveyor William Pierce (1867, Book 1328, 29-31) called the area "some of
the best agricultural land I have seen in the Territory" (Figure 10). The surveyed plat maps by
Pierce and other early surveyors for the entire study area are in Appendix 8.7. Agriculture

returned to the Salt River Valley in the 1860s, as settlers excavated canals to carry water from the
river to fields.

2.2.3 Post-Development, Pre-Dam-—1890-1938

Most written accounts from the late 1800s and early 1900s provide a glimpse of the
perception of the Salt River rather than the river itself. Pamphlets published by various city and
county agencies and businesses during this period attempted to entice farmers and businesses to
settle in the Salt River Valley. Despite its importance to agriculture and to individual farmers (as
reflected in personal journals), the Salt River essentially ceased to exist in the eyes of the pamphlet
writers as anything other than the unlimited source of water for irrigation. When these
advertisements mention the river itself, the language of reclamation dominates the description:

"The river's flow has been measured and the water supply, for twenty years past, is
absolutely known. Engineering observation and research have demonstrated the fact that
at the head of a gorge, seventy miles east of Phoenix, there lies a dam site such as is rarely
offered by Nature to man, and above it a reservoir site, wherein can be stored the greatest
flood that ever tore down the river channel, possible to devastate and then idly to escape
useless to the sea. There is nothing experimental about the irrigation situation of the Salt
River Valley (McClintock, 1908, 9). This transformation of the desert has been
accomplished by the scientific conservation and control of the waters of one tiny, but
ever-flowing stream, the Salt River (Smith, 1927)."

Irrigation canals offered aesthetic or recreational values, and observers often commented
on their clear waters and shady, cottonwood-lined banks, while at the same time ignoring the
river. A few personal accounts of the river from this period also emphasize the importance of the
water of the river to agriculture, and hence life, in the valley. These statements highlight the
natural variabilities in the flow of the river and the growing competition for the limited resource of
water. In a personal narrative, Leonard R. Dykes (no date, 21) recalled that the family's irrigation
system was "very, very uncertain" and that the flow of the Salt River "varied from dangerous
floods during the rainy season [winter] to a trickle during the hot, dry summers. High flows
frequently disrupted daily life by flooding fields, damaging irrigation systems, and prohibiting
crossing the river. Thomas W. Jones (1952, 18-9), recalling the 1891 flood in Lehi, wrote: "by
the end of January the once clear, gently flowing river swept by in great waves of turbulent
muddy water laden with all kinds of debris."

The wide natural fluctuations in flow conditions, which impacted water availability,
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Figure 10. First surveyed map of the Salt River in northwest Mesa, made in 1870 from field
surveys in 1866 and 1868. Note the divided channel and the note southeast of the channel
indicating "river bottom land, soil 1st rate," apparently an area of high flow and not an isolated

terrace.
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became a matter of several legal disputes. The opinion of Judge Kibbey, rendered in 1892,
estimated the seasonal range in the flow of the Salt River to be "from thousands of cubic feet per
second to about, at a minimum, three hundred cubic feet per second" (Clark, 1936, 3). A
declining water table also impacted water disputes and flow in the river. Lee (1905) reported that
the water table lowered between six and 20 feet in the east valley in four years and attributed this
decline to prevailing drought conditions and increased ground water pumping. This decline may
explain Lee's observation that while the Salt River is perennial at Tempe, "the river bed to both
the east and west of Tempe is dry" (Lee, 1905, p. 122). All other accounts depict the river as
containing flow even during the driest months; thus, Lee's observation documents the increasing
impact of human activity on the hydrology of the Salt River. See Appendix 8.8 for the 1937 aerial
photography covering the entire study area.

2.2.4 Post-Dam--1938-1978

Post-dam accounts of the Lower Salt River depict further changes to both the hydrology
and geomorphology of the river channel (Figure 11). Closure of Bartlett Dam on the Verde River
in 1938 effectively stopped natural flows on the Lower Salt River. By 1957, dam releases, or
flood flows, and effluent were the only sources for flow in the Salt River; damming upstream and
pumping of ground water along the river had effectively ended perennial flow (Halpenny and
Greene, 1975). The river, in the words of Milton MacKaye (1947, 89), "isn't a river at all, but a
low-lying rugged basin, as empty of moisture as your living room."

Significant encroachment upon the flood plain by human activity in particular areas altered
the appearance of the channel. Clearly, the prevalent perception that dams and other works had
tamed the Salt River encouraged use of the river for a variety of activities that the threat of floods
would have precluded. Areas near Tempe and central Phoenix in particular experienced radical
changes by 1958: "Sand and gravel companies have operated in the river bottom; subdivisions
have encroached upon the old original flood channels; a large sanitary fill has been built; and other
types of work by man have tended to constrict or obliterate the original channel" (Flood
Protection Improvement Committee, 1958).

As the City of Phoenix and the surrounding communities exploded in size, aggregate
mining consumed an increasingly large portion of the river channel and flood plain. The
excavation of large gravel pits obliterated sections of the channel (Briggs and Werho, 1966).
Under the perception of the tamed river, mining operations erected expensive machinery in the
bed of the river as well as levees and dams of boulders to protect their investments. These objects
contributed to a potential problem greater than the gravel pits themselves. In 1959, obstructions
occupied 39 percent of the river bed between 40th Street and 19th Avenue in Phoenix: "by 1959
the river bed contained a hodge-podge of obstructions of various types, all of which tended to
impede or change the direction of flow of flood runoff" (Halpenny and Greene, 1975, p. 4-7).
The reports by the Flood Protection Improvement Committee (1958) and Halpenny and Greene
(1975) document a growing concern for the fate of these in-channel activities.

2.2.5 Metropolitan Era--Post 1978

The year 1978 marked a significant change for the Lower Salt River. After May 1941,
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Figure 11. Aerial photograph of the Salt River looking west in northwest Mesa and Tempe,

showing channel conditions on October 2, 1962. Note the lack of vegetation due to groundwater

pumping, construction and agriculture encroaching on the high flow channel in the foreground,

and the straightened channel near the airport in the background (Maddock Associates Aerial
Survey, Inc. Photo 31).
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there had been only a few relatively minor releases of water into the channel (particularly 1965-6
and 1973), and except for vegetation adjustments, channel conditions had been relatively
unchanging. The geomorphology of the channel had been static for more than a third of a
century. Landowners and resource managers had become accustomed to a river that was
effectively inactive, and the channel had come to be viewed as a stable portion of the landscape,

available for use with few restrictions. The year 1978 was when those conditions and perceptions
changed.

Two large floods, one beginning in March and peaking at 95,800 cubic feet per second
and the other beginning in December and peaking at 110,000 cubic feet per second, initiated
considerable geomorphologic adjustments in the channel. Those adjustments continued in 1980
when a February flood peaked at 137,725 cubic feet per second, and during a variety of much
smaller flows between 1980 and 1994 changes continued at a reduced rate and magnitude. The
period between 1978 and the present has therefore been radically different from the 1941-1978
period, and the resulting geomorphic changes have altered the channel to the degree that it is
unlikely that pre-1978 conditions will ever exist again.

During the post-1978 period, there were some vegetation changes, and a variety of
geomorphic modifications including changes in channel width, depth, gradient, and pattern, as
well as in bed materials that affected the entire river in the study area. Construction projects also
modified the geomorphic environment of the channel. The vegetation changes were significant
reductions in riparian communities through erosion, loss of substrate, and lowering of water
tables, so that during the 1941-1978 period, there was a steady decline of the area covered by
riparian vegetation (recall Table 6). A riparian forest on the north bank of the river immediately
downstream from Granite Reef Dam was almost totally destroyed by erosion (Figure 12), and
small pockets of phreatophytes throughout the system were removed. In the vicinity of the
confluence of the Salt and Gila Rivers, the phreatophyte forest (mostly of tamarisk) that extended
across the channel area was cleared by flows to create linear swaths through the dense growth. In
small patches throughout the system, the floods of 1978 and 1980 left accumulations of sand in
the form of midchannel bars, channel sidebars, and streamlined tail deposits behind obstructions
that subsequently became seed beds for new growth. By 1990, these new areas were covered
with vegetation, including tamarisk and some cottonwood and willow. This new growth was
dense only in those areas with water tables within about 15 feet of the surface as in the Salt and
Gila confluence area, but in other reaches the growth survived on sporadic runoff.

Channel widening during the high flows of 1978 and 1980 floods was prominent in the
reach of the river from 43rd Avenue to 67th Avenue (on the west side of the urban area),
especially where agricultural activities had encroached on the historically active channel area.
Some fields had been extended into the high-flow zone of the compound channel, and these fields
were partially destroyed. Some channel widening also occurred in the reach immediately east of
Gilbert Road (in northeast Mesa). In the reach between McClintock Drive and the Alma School
Road Crossing in Tempe and Mesa, the channel was more narrow than it had been previously
because sand and gravel mines concentrated the flow in mid-channel areas through pits several
tens of feet deep. This concentrated flow therefore did not spread laterally as it had done
previously under more natural conditions. Structures and resistant banks in the Phoenix area,
between the Interstate 10 bridge crossing and about 19th Avenue confined the flow to a path that
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Figure 12. Salt River channel 0.4 miles below Granite Reef Dam, from the north bank, looking

southwest, showing the loss of riparian habitat along the north bank of the channel. Above, view

in September, 1949 (copy of Corps of Engineers photograph, W. L. Graf Photo 33-21, center of a
panaramic view). Below, same view in January, 1981 (W. L. Graf Photo 41-13).
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Year

1868
1900
1903
1914
1915
1961
1965
1971
1973
1978
1979
1980
1980

Flow Country C.

Low
Low
Low
Low
Low
Low
Flood
Low
Low
Flood
Low
Flood
Low

Maximum Possible
Minimum Observed

Mean, Low Flow

St. Dev. Low Flow

250
690
320
1620
240
310
490
1510
420

1890
270

149

McClint.
370

420

320
1580
310

520
1320

1580
310
388

77

Rural
510
420
160

1500

310
880
310
1510

1510
160
342
118

(Source: Unpublished data, W. L. Graf)

Mill
1450
320
110
970

790
1230

1130

1230
110
618
471

48th St.
920

480

610

350
350
750
5280

542
212

40th St.
1060

210

610

180
2020
170
1700

3960
170
446
348

24th St.
1320

420
210

260
240
790
3170

492
385

16th St.
920

320
160

240

170
660

160
362
285

Tth St.
530

320
210

460
290

140
920

920
140
325
135

Table 7. Historical Channel Widths of the Lower Salt River.
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was more narrow than it would have been under completely natural circumstances. Overall,
considering the known history of channel changes in the river, there is no natural tendency to
widen or narrow the channel except where human interference plays a role (Table 7).

Channel depth increased dramatically during the post-1978 period in the Mesa and Tempe
area, and decreased in the reaches in the vicinity of the Salt and Gila confluence. These changes
were linked to each other because sediment evacuated from the upstream reaches was deposited
in the downstream areas. Repeat surveys of channel cross sections in the Tempe area near
Arizona State University showed that between 1969 when measurements were made by Ruff
(1972) and 1981 when measurements were made by Graf (1983), the channel floor was lowered
through erosion about 15 feet (Figure 13). Observations through repeat photography show that
this lowering occurred at the Southern Pacific Rail Road Bridge in Tempe, where progressively
greater amounts of the support piers were exposed during the post-1978 period. Repeat
photography and direct observations by one of the authors (Graf) showed that the deepening of
the channel also included areas upstream from Tempe, at least upstream beyond the McDowell
Crossing, located about 1.5 miles east of the Gilbert Road Crossing, and in lesser amounts all the
way to Granite Reef Dam, where historical photography showed downcutting extending to the
apron of the dam (Miller, 1988, p. 73).

The sediment produced from this downcutting was substantial: the volume was probably
about 645,480,000 cubic feet (15 feet deep, 500 feet wide, 16.3 miles long) or about 30.66
million tons (assuming sediment density of 95 pounds per cubic foot, an commonly used value).
Flows in the channel moved these materials downstream and deposited some of them in the
vicinity of the Salt and Gila confluence and in the reach between the confluence and the Agua Fria
River. Deposition occurred in this reach because the gradient of the system is less there than
farther upstream on the Salt River. Channel aggradation on the order of about 3 to 6 feet was
common through the entire portion of the Gila between the Salt River and at least the area near
Buckeye. Miller Road, immediately south of Buckeye, was buried to a depth of about 6 feet
throughout much of its traverse across the channel, with most of the deposition in the high flow
zone, outside the thalweg channel (Chin, 1988).

The floods during the post-1978 period appeared to change the pattern of the river
channel and did change its location in some cases. Because the 1941-1978 period was one of low
flows, the came to be viewed as a single thread channel, occasionally dividing into multiple
threads. With the advent of high discharges, however, the channel took on a more braided
appearance. In fact, this braided condition had existed often before 1941, so its reappearance was
not really a change, but rather a return to previous configurations. Because landuses had
encroached upon this high flow, braided channel in some areas, it appeared that the river was
changing drastically, but in fact it was merely behaving in a predictable fashion. Significant
changes did occur, however, in the location of the thalweg, or low flow channel as a result of
erosion and sedimentation during the flood events (Figure 14 and Appendix 8.13). In the reach
between Country Club Drive and McClintock Drive (Hayden Road) in Tempe and Mesa, the low
flow channel shifted southward half a mile. Upstream from the Interstate Bridge Crossing it
developed a temporary northward meander in 1978, but the feature later disappeared. West of
91st Avenue, the low flow channel shift northward, and the Gila River between the Salt and Agua
Fria rivers shifted southward half a mile. Although these changes appeared to be large, they did
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Figure 13. This page and the following two pages show the Southern Pacific Railroad Bridge
immediately downstream from the Mill Avenue Crossing in Tempe. The views are from the south
abutment (left bank) of the Ash Avenue Bridge, looking northwest. The sequence of photos
shows the loss of riparian vegetation and the entrenchment of the channel--as erosion lowers the
channel floor through the sequence, progressively greater amounts of the piers of the bridges are
revealed. The X-shaped cross supports between the piers provide useful markers. The
entrenchment was so great between 1949 and 1980 that the 1980 flood water surface elevation
was only slightly higher than the surface of the 1949 bed. Above, June, 1949 (Corps of Engineers
Photograph, W. L. Graf (copy photograph) Photo 32-30. Below, January 1980 (W. L. Graf
Photo 33-7).
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Figure 13 (continued). Above, February, 1980, with about.5,000 cubic feet per second discharge
in the channel (W. L. Graf Photo 33-10). Below, February, 1980, with about 120,000 cubic feet
per second in the channel (W. L. Graf Photo 35-3).
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Figure 13 (continued). View in October, 1980 (W. L. Graf Photo 39-20).
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Figure 14. Example of historic channel locations for the thalweg of the Salt River between
Country Club Crossing and Mill Avenue Crossing, 1868 - 1980 (from Graf, 1983).
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not result in movement of the channel outside areas it had occupied during the previous century.

Despite notable location changes from time to time, the thalweg or low flow channel of
the Lower Salt River has had a consistent sinuosity over the past century. Sinuosity is defined by
the along-channel distance divided by the straight-line distance between the beginning and ending
points of a segment. Thus, a sinuosity of 1.00 would denote a perfectly straight channel and a
sinuosity of 2.00 would be a highly sinuous channel wherein the along-channel distance is twice as
long as the straight-line distance between its beginning and ending points. Most natural channels
vary between 1.00 and 4.00 (Gordon et al., 1992, p. 313), though channels with sinuosity greater
than 2.00 are unusual. The sinuosity of the Lower Salt has had a mean sinuosity of 1.08 over the
past 125 years, and despite numerous changes in channel location, deviations from the mean have
been surprisingly small (Table 8). The channel may radically adjust its position, but overall it
generally preserves the mean sinuosity--a meander eliminated in one location is almost always
replaced by a meander in a different but nearby position.

The general gradient of the Lower Salt River between Granite Reef Dam and the Gila
confluence is about 0.0021, although there are numerous local variations. The gradient has
decreased to a minor degree because of erosion in the upper reaches and deposition in the lower
reaches. The gradient of the Gila River between the confluence with the Salt and the Agua Fria
River is about 0.0012, so that it is logical to expect deposition of materials from the Salt River in
the channel of the Gila as a result of reduced gradient and associated reduced transport capacity
for flows.

The channel degradation in Mesa and Tempe resulted in substantial changes in bed
sediments in the Salt River in that area (Figure 15). As the channel cut downward, it exposed a
series of well-defined strata. During the pre-1978 era, numerous historical photographs show that
the channel was sandy, except at a few locations where cobble bars were common such as
McDowell Crossing (about 2 miles east of Gilbert Road). Downcutting during the 1978 floods
removed this sandy layer and began exposing a cobble layer. The 1980 flood further excavated
the channel bed, in some places cutting completely through the cobble layer and extending into a
mixed sand and cobble zone beneath. Later, smaller flows continued the excavation, in some
places down to still another cobble layer. In deposition areas west of Phoenix, deposits also
brought about changes in bed sediments. In areas that were once sandy, cobbles from the Salt
River built bars, and sandy deposition outside the low flow channel created streamlined
depositional forms.

Part of the explanation of the downcutting of the channel in Tempe and Mesa is that
upstream dams are storing sediments once carried by flood flows, so the relatively clear water
entering the study area are capable of entraining sediments that are not replaced by materials from
upstream. The 1978-1980 flows may also have been so large that degradation would have
occurred in any case.

2.3 Hydrologic System
2.3.1 Surface Water Hydrology

The operations of seven dams have significantly impacted the natural hydrologic
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Table 8. Historical Sinuosity of the Channel of the Lower Salt River.
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Figure 15. Series of historical photographs showing the progressive changes in bed
material in the Salt River about 1.5 miles upstream from the Gilbert Road Crossing in
northeast Mesa, as the channel excavated downward through a series of different strata.
Note the progressive coarsening of the bed materials as the sand fraction has winnowed
away. View is looking east, upstream. A, September, 1949 (Corps of Engineers, W. L.
Graf (copy photograph) Photo . B, January, 1980, after major floods in 1979 (W. L. Graf
Photo ). C, December, 1980, after a major flood in early 1980 (W. L. Graf Photo ). D,
November, 1980, after a series of moderate floods.
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regime of the Lower Salt River, altering both the magnitude and timing of flows. Since the
closure of Bartlett Dam on the Verde River in 1938, the Lower Salt River has contained
water only as a result of controlled or uncontrolled releases from Granite Reef Dam.

Appendix 8.10 contains discharge data including annual peak flows, flood peaks and
durations, and mean monthly records. Salt River Project, the entity that manages the reservoirs
upstream of the study area, releases water only for flood-control purposes, either to lower
reservoir levels prior to winter rains or when the reservoirs are unexpectedly full. Most
importantly, the system of dams upstream has eliminated perennial flow and the steady high
winter flows. Climatically drier years, such as the period between 1942 and 1964 result in no
releases, leaving the Salt River dry except for storm water runoff, groundwater emergence, and
effluent. Since 1965, releases, about two per year, have lasted an average of 22.5 days with a
peak mean daily flow of 13,960 cfs. Prior to 1938, an average of 413,000 acre-feet of water
flowed through the channel annually. Since 1965, the channel has carried an average of only
293,000 acre-feet per year, with less than 10,000 acre-feet in almost three-fifths of the years.

Releases from the Granite Reef Dam mimic the natural seasonal variation in flows on the
Salt River, probably because reservoir water levels respond to the same climatic controlling
factors as pre-Bartlett Dam surface flows. Little data exist to document the seasonal fluctuations
in flows on the Salt River. Appendix 8.10.2 contains monthly mean discharge data for the Salt
River at McDowell for 1904-1910, but as this record covers only seven years, it does not give the
best picture of seasonal flow variations. Records of mean monthly discharge on the Verde River
below Bartlett Dam for the water years 1904-1938 serve as a surrogate for such records on the
Salt River (Figure 16). The headwaters of the two rivers lie in similar topographic positions, and
the rivers are otherwise hydrologicly similar. Under more natural conditions, flows peaked in late
winter (February and March), supplied by storms and snowmelt. Flows were lowest in June,
averaging only six percent of the mean high flows in February. Data for the years 1965-1993
show that flow occurs most frequently during the months of March and April and least frequently
in July and August, much like the natural pattern. The systems of dams upstream of the study
reach effectively delay the flows by one month. This delay becomes insignificant, however, in
light of the extended periods of no flow in a river that is perennial under natural conditions.

The magnitudes of peak annual discharges on the Salt River are comparable with peak
flows prior to the closure of Bartlett Dam, but high flows occur less frequently after 1938 (Figure
17). The mean peak annual discharge was 32,000 cfs before 1938 and 16,500 cfs from 1938 to
present. This apparent reduction in flood magnitude results from frequent low-flow years. Only
one-quarter of the years since 1938 experienced a peak discharge greater than 10,000 cfs,
whereas prior to 1938 two-thirds of the years experienced flows higher than 10,000 cfs.

Upstream dams have exacerbated high-flow conditions when they do occur. Prior to damming,
only one year on record experienced a peak annual discharge greater than 100,000 cfs, while three
such flows have occurred in the past 16 years.

Lack of gauging stations on the main river and on tributaries hinders detailed
understanding of the surface hydrology of the Lower Salt River, forcing reliance on hydrologic
data from releases from Granite Reef Dam. Water balance calculations show that the Salt River
loses water to infiltration as it travels through the study area. During the floods of 1965-1966, 29
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Figure 16. Mean monthly discharge for the Verde River below Bartlett Dam, 1904-1938,

showing the seasonal pattern for the Verde River prior to the closing of Bartlett Dam, a

reasonable surrogate for flows in the Salt River in the study area (data from the U.S. Geological
Survey).
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Figure 17. Annual peak flow of the Salt River for major releases from Granite Reef Dam, 1891-
1993 (data from the Salt River Project).
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percent of the 611,800 acre-feet of water released from Granite Reef Dam percolated into the bed
of the channel between Granite Reef Dam and Gillespie Dam (Aldridge, 1970). Surface flows
totaling 660,000 acre-feet were depleted by 17 percent during the February-March 1978 flows
(Aldridge and Eychaner, 1984). Corkhill et al. (1993) performed a similar analysis for the years
1978-1988, showing that an average of 12 percent of the flow from Granite Reef Dam enters the
ground water system through the bed of the channel (Table 9). The amount of infiltration is
loosely related to the volume and rate of water release rather than the duration of the release.

2.3.2 Ground Water Hydrology

This section provides an overview of the hydrogeology, depth to ground water, and
direction of ground water flow in the Salt River Valley with an emphasis on conditions near
the river itself. Appendix 8.12 and the works cited here present more extensive discussions
of ground water hydrology. The elevation of the water table and the direction of
subsurface flows have changed drastically since the early 1900s due to pumping of water for
agricultural, industrial, and other uses. For the purposes of this discussion, the study area
has been broken down into six reaches of the Salt River that have similar hydrologic
characteristics: reach one, Granite Reef Dam to McKellips Road; reach two, McKellips
Road to Mill Avenue; reach three, Mill Avenue to Interstate 10, including all of Sky
Harbor Airport; reach four, Interstate 10 to the 23rd Avenue Waste Water Treatment
Plant; reach five, the 23rd Avenue Waste Water Treatment Plant to the 91st Avenue Waste
Water Treatment Plant; and reach six, the 91st Avenue Waste Water Treatment Plant to
the confluence with the Agua Fria River.

Three hydrologic units underlie the Salt River Valley. The U. S. Bureau of
Reclamation, U. S. Geological Survey, and the Arizona Department of Water Resources
have independently identified these units, but their descriptions and nomenclature differ
slightly. This report uses the units described by Arizona Department of Water Resources
in Corkhill et al. (1993). The three hydrogeologic units are: (1) the Lower Alluvial Unit
(LAU), (2) the Middle Alluvial Unit (MAU), and (3) the Upper Alluvial Unit (UAU).
The Salt River flows over the UAU and was once the most important source of ground
water recharge for this unit (Wolcott, 1952). Composed predominantly of gravel and sand,
the UAU ranges from 100 feet to 400 feet in thickness under the Salt River. The unit is
thinnest near mountain fronts and bedrock outcrops, such as Tempe Butte and lower
Papago Park. Primarily accessed for surface use over the MAU and LAU, water within the
UAU is legally referred to as subflow to differentiate it from ground water in the MAU and
LAU (K. Randall, 1994, personal communication). This discussion will use the term
ground water to refer to water in the UAU. Historically, surface flows from streams and
washes provided most water to recharge the UAU. Presently the minor recharge sources
--such as seepage from canals and irrigated land, underflow along major streams, and
rainfall-- have become more important (Wolcott, 1952).

Ground water naturally flows toward the Salt River and along the river westward,

generally following the topography of the land surface. Near Tempe and Buckeye, bedrock
constrictions force water to the surface (Wolcott, 1952). Excessive pumping has led to
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Table 9. Groundwater Recharge from Historical Surface Flows.

l (Source: Corkhill ez al., 1993)
l Gila River Estimated Recharge as
Salt River Gila River Santa Cruz Agua Fria Inflow Gila River Potential Percentage of
Calender Inflow at Inflow at River Inflow River Inflow Estimated Outflow Maximum Granite Reef
' Year Granite Reefl Laveen at Laveen at Avondale Baseflow Gillespie Dam Recharge Discharge
1978 13,893,000 44,000 21,100 81,600 30,200 1,333,100 233,100 16.8%
' 1979 1,997,100 102,600 30,400 40,300 81,700 2,030,500 221,600 11.1%
1980 2,061,400 25,900 700 168,500 61,600 2,339,600 -21,500 -1.0%
l 1981 100 0 100 0 900 1,000 100 100.0%
' 1982 178,300 300 2,600 ND 16,800 97,900 100,100 56.1%
1983 1,744,400 178,700 135,900 ND 104,600 1,928,500 235,100 13.5%
' 1984 271,200 16,800 5,500 ND 31,900 236,400 89,000 32.8%
. 1985 773,400 191,400 7,900 ND 84,300 956,200 100,800 13.0%
1986 8,400 0 0 ND 8,100 9,000 7,500 89.3%
l 1987 29,800 0 700 ND 25,000 41,800 13,700 46.0%
1988 20,400 0 700 ND 14,600 15,400 20,300 99.5%
' 1978-1988 8,473,800 559,700 205,600 290,365 459,700 8,989,400 999,800 11.8%
Totals
I ND = No data, Agua Fria gage discontinued in 1982
1980 data contains probable extreme gaging inaccuracies
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drawdown of the water table in some well fields. These human-created lows deflect the
flow of ground water, reversing the flow in some cases. Drawdown in the Deer Valley and
Queen Creek areas in the 1940s and 1950s caused flow to move away from the Salt River
rather than toward it (Wolcott, 1952). The Deer Valley low has persisted into the 1980s and a
new low has developed west of Luke Air Force Base in the west valley (Brown and Pool, 1989).
Naturally, the movement of water toward the river channel and flow within the channel created a
mound of ground water under the channel, accessed by a variety of riparian plants. Deflecting
flow away from the river contributes to the water table decline near the river by destroying the
ground water mound.

Depth to ground water has fluctuated greatly since development of the Salt River Valley
began in the late 1890s. Initially, diversion of water from the river for irrigation led to a rise in the
water table. Canal seepage locally raised the water table as much as 20 feet above the natural
water table (Thomsen and Miller, 1991). As development preceded, ground water became an
important water source for agriculture. Over 75 percent of the pumped ground water in the Salt
River Valley is used for agriculture (Wilson,1991). Drought conditions and pumping between
1895 and 1905 caused a decline the well levels of 8 - 20 feet in the Mesa/Tempe area (Lee,
1905). The water table declined steadily from the 1930s into the 1960s due to increased
pumping. The magnitude of these declines varied spatially, from a few feet in some places to a
few hundred feet in others (Wolcott, 1952; Bureau of Reclamation, 1976). Reaches one and two
(Granite Reef Dam to Mill Avenue) have experienced the greatest increases in depth to ground
water (Table 10). Reaches three and six, where shallow bedrock forces water to the surface,
depth to ground water is only 10 to 30 feet greater than in the early 1900s. Reach six historically
has the shallowest ground water, as indicated by data in Table 10 and by phreatophyte vegetation.
This area also receives substantial underflow from the Gila River. Corkhill ef al. (1993) estimate
that underflow from the Gila provided approximately 32,000 acre-feet per year prior to
development, but contributes only 2,000 acre-feet per year presently.

During the 1980s, pumping of ground water has declined in the Salt River Valley
(Wilson, 1991). Data for seven wells along the Salt River for the years 1987-1992 indicate that
while ground water levels do not exhibit a distinct upward or downward trend, the levels fluctuate
considerably (Table 11). Depth to ground water decreases downstream, from an average of
approximately 260 feet near Granite Reef Dam to less than 10 feet near Buckeye. Water levels
upstream (i.e., in reaches one and two) fluctuate the most from year to year, on average seven to
19 feet, and exhibit the greatest range in levels for the years 1987-1992. Wells further
downstream show less change and a small range in levels. These areas receive some ground

water recharge from waste water treatment plants, irrigation seepage, and underflow from the
Gila River.

2.3.3 Water Quality

Contaminants of surface water and ground water include naturally occurring and artificial
(human-made) substances introduced into a system by a variety of means. Technically, to be
considered contaminants, these substances must be present in concentrations greater than some
established level which varies by substance. Federal (primarily the Environmental Protection
Agency (EPA)) and State agencies establish these standards, but do not necessarily explain the
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Table 10. General Depths to Groundwater near the Lower Salt River.

Year Granite Reef Dam McKellips Rd. Mill Ave. Interstate 10 23rd Ave. 91st Ave.
to McKellips Rd. to Mill Ave. to Interstate 10 to 23rd Ave. to 91st Ave. to Agua Fria Source
Thomsen and Miller,
c. 1900 0 -40 feet 0-10 feet 0-40 feet ND ND ND 1991
1913 10 - 50 feet 0-10 feet 0- 10 feet 0- 10 feet 0-10 feet 0-10 feet McDonald et al., 1947
1945 50 - 150 feet 0 - 50 feet 0-10 feet 10 - 50 feet 10 - 50 feet 0- 10 feet McDonald et al., 1947
1952 100 - 140+ feet 20 - 80 feet 40 - 60 feet 40 - 60 feet 20 - 40 feet <20 - 40 feer Wolcou, 1952
Bureau of Reclamation,
1964 ND ND ND 80 - 100 feet 60 - 80 feet 40 - 60 feet 1976
Bureau of Reclamation,
1972 ND ND ND 60 - 80 feet 40 - 60 feet <20 - 40 feet 1976
Thomsen and Miller,
c. 1986 190- 250 feet 90 - 140 feet 10 - 60 feet ND ND ND 1991
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Table 11. Depths to Groundwater at Specific Wells.

(U.S. Geological Survey Data)

U.S.G.S. Period of Depth to Groundwater - Extremes of Record

Well # Well # Location Record Highest (ft) Year Lowest (ft) Year
A A-02-06 32ACD Val Vista Dr. & Lehi Rd. 1959-present 282 1985 402.7 1979
B A-01-05 06BDD Pima Rd. & McDowell Rd. 1957-present 771 1983 165.4 1979
C A-01-04 18DAD University Dr. & SR 143 ° 1951-present 18.93 1983 61.8 1976
D A-01-02 26AAA Broadway Dr. & 27th Ave. 1948-present 211 1979 74.42 1959
E A-01-02 19BAA Lower Buckeye Rd. & 67th Ave. 1957-present 4.3.4 1984 113.12 1962
F A-01-01 19DCD1 Broadway Dr. & 107th Ave. 1952-present 24.8 1985 59.7 1964
G B-01-02 36 BBC Southern Ave. & Cotton Lane 1951-present 6.0 1983 70.53 1965
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Table 11. Depths to Groundwater at Specific Wells (continued).

(U.S. Geological Survey Data)

Depth to Groundwater for Exact Well

Well # 1987 1988 1989 1990 1991 1992
A 289.20 282.60 286.20 ND 313 314.2
B 138.30 136.80 135.90 148.1 165.4 100.4
C 36.10 36.20 37.70 48.8 49.9 50.9
D 41.00 42.90 ND ND 484 499
E 5240 51.00 52.20 60.0 61.9 595
F 26.50 27.10 26.40 28.8 314 29.4
G 11.40 11.08 11.90 10.6 10.9 18.1

ND = no data available
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(U.S. Geological Survey Data)

Table 11. Depths to Groundwater at Specific Wells (continued).

Range in Average
Elevation of Average DTGW amount of
Elevation of river channel DTGWin during period fluctuation in
Well # well (ft) near well (ft) well (ft) (ft) DTGW (ft/yr)
A 1298 1250-1260 297.04 31.6 7.64
B 1201 1180-1190 137.48 65.0 19.38
C 1130 1120-1130 43.27 14.8 2.96
D 1042 1020-1030 45.55 8.9 1.78
E 1025 980-990 56.17 10.9 2.94
F 965 935-945 28.27 5.0 1.66
G 891 880-890 12.33 7.5 1.99
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basis for the hazard levels. Standards also vary by water use, for example, drinking water,
irrigation, or recreation. Appendix 8.11 provides some of the standards for various contaminants
by water use. Contaminants in the surface and ground waters of Arizona fall into seven
categories: volatile organic compounds (VOCs), pesticides, metals, nutrients, ions,
micro-organisms, and radiological substances (Table 12). Similar quality issues exist for all water
sources in the Lower Salt River, namely contamination by volatile organic compounds (VOCs)
and various metals, ions, nutrients, and herbicides. As previously discussed, surface water
naturally provides the main source of recharge for ground water. Shallow ground water in other
reaches of the river often emerges in the channel, creating surface flows. Effluent from water
treatment plants and other industries contributes to both surface and subsurface flows. Thus,
contaminants do not remain in one part of the system, but endanger all water sources.

This section gives a broad overview of water quality in the Lower Salt River hydrologic
system and discusses each of the major contaminant types, including occurrences and sources.
Table 13 presents violations of water quality regulations in 1989-1991 for water sources in or
near the Lower Salt River, as published in the Arizona Department of Water Quality (ADEQ)
1992 Annual report. These violations are listed by reach of the Salt River, using the same
subdivisions employed in the discussion of ground water: reach 1, Granite Reef Dam to McKellips
Road; reach 2, McKellips Road to Mill Avenue; reach 3, Mill Avenue to Interstate 10; reach 4,
Interstate 10 to 23rd Avenue Wastewater Treatment Plant; reach 5, 23rd Avenue Wastewater
Treatment Plant to 91st Avenue Wastewater Treatment Plant; and reach 6, 91st Avenue
Wastewater Treatment Plant to the confluence with the Agua Fria River. ADEQ provides the
most spatially extensive and reliable water quality information. Additionally, Table 14 shows the
1989 range in water quality parameters for Salt River Project (SRP) wells near the Salt River by
reach, using the six previously defined reaches. Notably, Salt River Project did not test some of
the wells for metals or VOCs, the most prevalent contaminants in the region.

The most prevalent water contaminants in the Lower Salt River area are volatile organic
compounds (VOCs), organic solvents widely used by both small and large industries and airports,
and often found in landfills (Table 12). VOCs are the primary contaminants associated with
Federal Superfund sites and State of Arizona Water Quality Revolving Assurance Fund sites and
are most frequently the result of improper disposal of industrial solvents, degreasers, and other
compounds (Arizona Department of Water Quality, 1990). Major disposal practices which have
led to ground water contamination include injection of waste into dry wells, disposal in surface
impoundments which leak, dumping into dry washes, unregulated landfilling, and leaking
underground storage tanks. Water quality violations cited by ADEQ show the presence of VOCs
in ground water in areas near every reach of the Lower Salt River, especially common in the
Central Phoenix area (Table 13). VOCs appeared in ground water in two of the four areas near
the Salt River where SRP tested for these substances, between Granite Reef Dam and McKellips
Road and between Mill Avenue and Interstate 10 (Table 14). Comparison of the two sources
suggests that in reach 3, VOCs in ground water relate directly to Sky Harbor Airport and the
Estes/Bradley Landfill, both located on the Salt River. In a Water Quality Revolving Assurance
Fund (WQAREF) study commissioned by ADEQ, VOC:s in the ground water in the east central
Phoenix area came from several sources and their occurrence in the ground water was spatially
discontinuous. Major VOC sources, such as the Motorola 52nd Street Superfund Site, did not
release plumes of contaminants, but rather created localized contamination around multiple source
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Table 12. Types of Water Contaminants in the Lower Salt River.

(Source: 1988 and 1989 Annual Reports, Arizona Department of Environmental Quality)

Contaminant Category Principal Contaminants Typical Sources Potential Health Impacts
Volatile Organic Compounds |Organic Solvents Landfills Carcinogen
(VOCs) Trichloroethene (TCE) Underground Storage Tanks

Tetrachloroethylene (PCE) Airports
1,1,1 Trichloroethane (TCA) High Technology Industry
Chloroform
1,1 Dichloroethylene (DCE)
1,1 Dichloroethane (DCA)
Benzene
Pesticides Dibromochloropropane (DBCP) |Agriculture (soil fumigants) |Toxics
Ethylene dibromide (EDB) Urban Runoff Carcinogen
Metals Arsenic Landfills Toxics
Barium Mines Carcinogen
Boron Metal Finishing
Chromium Natural Origin
Copper Landfills
Iron
Lead
Mangenese
Selenium
Zinc
Nutrients Nitrate Agriculture (fertilizers) Methemoglobinemia
Wastewater Treatment (blue-baby disease)
Septic Tanks
Industrial Manufacturing
Ions Total Dissolved Solids (TDS) Mines Taste, Hardness
Sulfate Agriculture Laxative Effect
Chloride Natural Origin Toxics
Fluoride
Micro-organisms Fecal Coliform Septic Tanks Infectious Disease
Wastewater Treatment
Radiological Mines Carcinogen
Natural Origin
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' Table 13. Water Quality Violations in the Phoenix Area.
I (Source: Arizona Department of Environmental Quality, 1992)
Reach  |Water Source Location Comments
Entire Surface water Salt River Non-support due to mercury
study Granite Reef Dam to Gila River |low pH, TDS 1050-1450
area Several toxics exceeding standards
' 1 Groundwater Mesa (Northeast Mesa) VOCs in groundwater: TCE; PCE; and 1,1-DCE
l 1,2 Groundwater Mesa (South Mesa area) VOCs in groundwater: TCE; PCE; and 1,1,1-DCE
2 Groundwater Mesa (Mesa Motorola) VOCs in groundwater: TCE; PCE; and 1,1,1-DCE
' 2 Groundwater Scottsdale VOCs
TEC, PCE, DCE, TCA, and DCA in groundwater
. due to electronics and metal plating industries
2 Surface water McKellips Park Lake, Indian Contaminated by TCE from Superfund Site
Bend Wash, Scottsdale Algae blooms, fish kill in 1987
l Sources: urban runoff and land disposal
3 Groundwater Phoenix (Motorola 56th Street) |VOCs: TCE; PCE; 1,1-DCE; Chloroform; and
' freon 113 in groundwater
3 Groundwater Phoenix (Motorola 52nd Street) |VOCs: Twenty-seven compounds including TCE;
PCE; TCA; 1,1-DCE; TRANS1,2-DCE; and freon
l 113 in groundwater due to electronics and semi-
conductor industry
3 Groundwater Phoenix (East Washington area) [VOCs
TCE; PCE,; 1,1-DCE; 1,1,2-TCA; chloroform;
freon 11; 1,1-DCA; TRANS1,2-DCE; and vinyl
' chloride in groundwater
3 Groundwater Phoenix (east central Phoenix) |VOCs
TCE; 1,1,1-TCA; and PCE in groundwater due to
. improper disposal of dry-cleaning chemicals
3 Groundwater Phoenix (Estes/Bradley Landfill) |[VOCs
TCE; 1,1-DCE, TRANSI,2-DCE; vinyl chloride
l in groundwater due to landfill
3 Groundwater Phoenix (Sky Harbor Airport)  |VOCs: TCE; PCE; 1,1-DCE; TRANS1,2-DCE;
1,1,1-TCA; 1,1-DCA; benzene; and toluene in
groundwater
l 4 Groundwater Phoenix 19th Avenue Contamination by metals
4 Groundwater Phoenix (19th Avenue) VOCs: 1,1-DCE in groundwater
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Table 13. Water Quality Violations in the Phoenix Area (continued).

Reach  |Water Source Location Comments
4 Groundwater Phoenix (West central Phoenix) |VOCs: TCE; PCE; and 1,1-DCE in groundwater
4 Groundwater Phoenix (Honeywell Deer Valley] VOCs: TCE in groundwater
4 Effluent Ameron Inc., Phoenix Non-support due to soluable solids, pH
Salt River
5 Effluent Anderson Clayton & Co., Non-support due to soluable solids, pH
Salt River Phoenix
5 Effluent 23rd Avenue Wastewater Partial support due to soluable solids and pH
Salt River Treatment Plant, Phoenix
5,6 Groundwater Phoenix (West Van Buren) VOCs in groundwater: TCE; PCE; 1,1-DCE; and
1,1,1-TCA
5,6 Surface water Salt River below 59th Avenue  |Fish advisory, chemicals of concem: chlordane,
Gila River DDT, dieldrin, toxaphene, methymercury
Salt River to Painted Rock Dam
6 Surface water Gila River Non-support due to mercury
Salt River to Agua Fria River  |TDS 1400-2280
Occassional dissolved oxygen and pH violations
6 Effluent 91st Avenue Wastewater Threat due to TDS
Salt River Treatment Plant, Phoenix
6 Effluent Tolleson Wastewater Non-support due to metals (chromium, copper,
Salt River Treatment Plant mercury, arsenic), flow, chlorine, pH,
biological oxygen demand, and phenols
6 Effluent Loral Corporation, Litchfield Non-support due to toluene, metals,
Agua Fria River methal-chloride, pH
Outside  |Groundwater Luke Air Force Base VOCs in groundwater
study area Trace levels of PCE and TCE in groundwater
Outside  |Effluent Luke Air Force Base Exceeded NPDES permit requirements for:
study Agua Fria River boron, phenol, ammonia, mercury, biological
area oxygen demand, soluable solids, sulfide, fecal
coliform
Outside  |Groundwater Buckeye Nitrate contamination, most likely due to
study agriculture
area Contamination by metals
Outside  (Groundwater Liberty (Gila River) Contamination by major cations and anions
study area TDS 3,000 - 5,000 mg/1
area
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Table 14. Water Quality in Wells near the Lower Salt River.

(Source: Salt River Project, 1990)

Granite Reef Dam McKellips Rd. Mill Ave. Interstate 10 23rd Ave. WWTP | 91st Ave WWTP

Substance to McKellips Rd. to Mill Ave. to Interstate 10 | to 23rd Ave. WWTP| to 91st Ave. WWTP to Agua Fria
Ions and Nutrients (mg/l)
Total Dissolved Solids 398-765* 584-798* 1154-1463* 1161-1440* 873-1083* 1520*
Boron 0.1-0.19 0.18-0.4 0.39-1.89* 0.64-1.24* 0.55-0.71* 0.94*
Sodium 110-169 138-188 285481 318-347 200-288 416
Potassium 234.7 4.1-53 4264 48382 44-5.0 49
Calcium 22-58 49-67 29-82 66-81 48-68 82
Magnesiam 8.6-2 18-32 12.0-37 24-39 22-27 36
Carbonate ND ND . ND ND ND ND
Bicarbonate 207-323* 195-378* 470-488* 342-549** 336-421* 451*
Nitrate as NO3 7.4-57* 8.243* 42-55* 50-55* 26-39 56+
Chloride 94-255* 168-282* 320-325* 365-485** 247-310* 471**
Fluoride 028-0.61 0.19-0.40 0.384.36 0.45-0.67 0.34-0.73 0.68
Sulfate 40-120 44-83 125-345 160 104-145 233
Phosphate ND ND ND ND ND ND
Metals (ug/l)
Arsenic 6.0-13 4.0-6 <15 ND NT 11
Barium 18-63 38-66 40-107 31 NT 31
Cadmium ND ND ND ND NT ND
Chromium 1827 14-17 <19 15 NT ND
Lead 2.0-6 < <14 ND NT ND
Mercury ND ND ND ND NT ND
Selenium <2 ND 2.03 ND NT ND
Silver <1 ND ND 1 NT 1
Other Contanimants (ug/1)
Volatile Compounds (VOCs) |1,1 DCA 1.9 NT 1,1 DCE 24* ND ND NT

METHCHL 0.7 CHLORO 0.8

PCE 0.6

1,1,L1TCA 0.6

TCE3.3
Herbicides NT/ND ND ND DBCP 0.35* NT NT
Chlorinated herbicides NI/ND ND ND ND NT NT
Pesticides NT/ND ND ND ND NT NT
Number of wells included 6 6 2 2 3 1
ND = Not Detected
NT = Not Tested
*=h ing probl d of EPA or Arizona Action maximum levels
** = Severe problems
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areas (Earth Technology Corporation (Western), 1990). While VOCs are a major water quality
concern throughout the study area, the variety of sources and their spotty distribution makes them
extremely difficult to isolate and remove from the hydrologic system.

Metals as contaminants do not occur to the same spatial extent as VOCs. Possible sources
of metal contamination include landfills, mines, metal finishing, and natural origins (ADEN, 1988,
1989). The surface waters of both the Salt and Gila Rivers in the study area exceed the maximum
allowable limit for mercury. ADEN (1993) states that mercury contamination is commonly
associated with mining operations and effluent-dominated waters, such as the Salt River below
91st Avenue, and that water quality violations frequently appear to be linked with the
remobilization of contaminated sediments during higher than normal flows. Effluent from three
sources near or on reach 6 of the Salt River contained unacceptable concentrations of mercury
and/or other metals in 1989-1991 (ADEN, 1992). While metals appeared in some of the SRP
ground water wells, their concentrations did not exceed the maximum allowable limits. The exact
sources and extent of contamination of surface waters by mercury and other metals remains
unclear, though sediments play an important role in understanding the distribution.

Several ions and nutrients also exceed maximum allowable levels in ground water, surface
water, and effluent in the study reach. Nitrates, added to the hydrologic system as fertilizer or
from feed lots, ranged from 2 - 172 mg/l in Salt River Project wells throughout the valley in 1989
(SRP, 1990). Near the Salt River, wells in five out of six reaches exceeded the Environmental
Protection Agency standard of 45 mg/1 for Nitrate. Historically, nitrate levels have increased due
to leaching of irrigated soils and sewage seepage (Brown and Pool, 1989). Wells in all reaches of
the river exceeded recommended concentrations of bicarbonate and chloride, 90 mg/l and 250
mg/] respectively. Boron presents another potential danger to plants, occurring in problematic
levels in wells in the lower four reaches of the river. While boron naturally occurs in the Salt
River waters, waste water treatment plants also contribute to high levels of boron. Boric acid is
heavily used in some areas to control cockroaches in municipal sewer systems (ADEN, 1993),
and boron may also leach into the ground water from irrigated fields which receive waste water or
sludge.

Total dissolved solids (TDS) likely warrant the least concern among all contaminants.
Historically, TDS concentrations in surface and ground waters exceed the recommended
standards for irrigation waters (500 mg/l), ranging between 500 to 5,000 mg/l (Table 15). The
long history of irrigation in the valley has produced little long-term change in the chemical quality
of the ground water since 1900 (Thomsen and Miller, 1991). TDS in both the ground water and
surface water of the Salt River increased during the first half of this century, peaking around 1950
at 3,500 - 4,000 mg/l (Halpenny and Greene, 1975). More recent data show that TDS has
declined since then, probably due to ground water recharge (Brown and Pool, 1989). SRP wells
data suggest that TDS pose the greatest danger to plants in the lower four reaches of the river
(Table 15). In 1989, SRP wells ranged in TDS concentration from 230 -3,670 mg/l, with a
median of 910 mg/l (SRP, 1990). Surface waters of the Salt and Verde Rivers generally contain
lower TDS concentrations, averaging 552 mg/l and 282 mg/l respectively in 1989 above Granite
Reef Dam (SRP, 1990). These concentrations are significantly lower than historic
measurements: Halpenny and Greene (1975) report TDS levels in the Salt River at low flow as
1,850 mg/l in 1900, 2,490 mg/l in 1912, 2,900 mg/l in 1930 and 3,500 mg/l in 1943. TDS
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Table 15. Total Dissolved Solids in Salt River Water.

(Source: Salt River Project, 1990)

l Year Granite Reef Dam McKellips Rd. Mill Ave. Interstate 10 23rd Ave. WWTP 91st Ave. WWTP
to McKelllps Rd. to Mill Ave. to Interstate 10 10 23rd Ave. WWTP 1o 91st Ave. WWTP 1o Agua Fria Source
1945 500 - 1,000 mg/l 500 - 1,500 mg/l 1,000 - 1,500 mgA 1,000 - 1,500 mg/t 1,500 - 3,000 mgA 2,000 - 4,000+ mg/l McDaonald et al., 1947
l 1980 < 1,000 mg/l 1,000 - 3,000 mg/A 1,000 - 3,000 mgA 1,000 - 3,000 mg/ 1,000 - 5,000 mgA 3,000-5,000mgA Daniecl, 1981
1985 ND ND ND 479 - 919 mg/ 560 - 3600 mgA 1700-2100mg/l  Brown and Poal, 1989
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concentrations on average vary with the amount of flow. For example, during the 1978-80
floods, the Salt and Verde Rivers ranged between 100 and 900 mg/l TDS for lower flows and
between 200 and 500 mg/l TDS for higher flows (Brown and Pool, 1989). While TDS in surface
and ground waters may cause problems for salt-sensitive crops and other plants, the present
concentrations do not significantly differ from more natural conditions along the Salt River.

2.4 Geomorphic System

2.4.1 Channel Types and Forms

The channel of the Lower Salt River and the Gila River between the Salt and Agua Fria
rivers a variety of geomorphologically defined segments, with each segment having distinctive
characteristics. Taken together, all the channel reaches fall into two broadly defined categories:
braided and compound. Those segments that are braided channels have more than one low flow
channel, usually one that is clearly the thalweg plus additional channels that are occupied only at
moderate or high flows. This condition was recognized by early surveyors who mapped multiple
channels in some cases (Figure 18), and high flow channels in others (Figure 19). These channels
are separated from each other by sand bars, sand sheets, or "mid-channel" bars (Wolman and
Leopold, 1957). In general, the braided configuration is the natural product of four controlling
factors, all of which occur in the study area channels. First, braided channels typically carry large
amounts of sediment compared to the capacity of the stream, and the Lower Salt River appears to
be "overloaded" with sediment in its lowest reaches. Second, such streams also have gradients
that are relatively steep or they generate high amounts of stream power. The Lower Salt River
has a relatively shallow gradient, but during flood flows, those discharges that shape the channel
and accomplish sediment transport on a large scale, stream power is likely to be high. Third,
braided channels have erodible banks, a condition common along parts of the Lower Salt River,
especially in the north Mesa area. Finally, braiding usually results from highly variable discharges
such as those found in glacial or dryland rivers such as the Salt. For these reasons, braiding of at
least parts of the Lower Salt River channel is the natural tendency of the system, a tendency that
may be viewed by river engineers as undesirable.

The second general channel type found in the Lower Salt River is the compound form
(also referred to as "channel in channel," Gregory and Park, 1974). Compound channels function
with two modes of operation: one at low flow when water occupies a single, meandering channel,
and the other at high flow when water occupies a much broader "braided" channel (Graf, 1988, p.
202-203). Compound channels are common in dryland settings downstream from dams, irrigation
areas, and urban areas because waste water (and occasional natural low flows) maintain the low
flow meandering channel. If this low flow channel has sufficient discharge, it becomes unstable
and is an erosion hazard. When meanders are abandoned, they are known locally as sloughs or
oxbows. They are the sites of standing water for a period, and eventually they fill with sediment
during moderate floods. Upstream dams prevent moderate flows, but occasional catastrophic
floods (perhaps accompanied by spills from the dam) make the broad, braided part of the channel
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functional. Natural channels of this type occur downstream from desert mountain areas that
generate some low flow and large floods, but few moderate flows. The Lower Salt River has
compound channels in several segments.

The channel between Granite Reef Dam on the Salt River and the Agua Fria confluence on
the Gila River has 8 naturally defined geomorphic divisions. Within each division, channel width,
depth, pattern, and gradient are relatively similar, and are different from adjacent divisions. Refer
to Appendix 8.2 for topographic maps that include mile marks.

1. Miles 0 to 4.3, Granite Reef Dam to Val Vista Road. Channel constricted by bedrock
associated with Mount McDowell (also known as Red Mountain) and Schlects Butte, and by
impinging terrace edges; channel is relatively straight and only half as wide as the next division
downstream; one low flow channel.

2. Miles 4.3 to 13.2, Val Vista Road to Pima Road. Very wide channel, not restricted,
especially on the north bank, some erosion into the south bank where the channel is eroding a
low-level terrace; braided channel with multiple threads; considerable locational instability for low
flow channel; portion of the channel from Country Club Drive to Pima Road is extensively mined
for sand and gravel.

3. Miles 13.2 to 16.4, Pima Road to Mill Avenue. A more narrow channel division than the
one immediately upstream, partly constricted by Tempe Butte and the Papago Hills; a compound
channel division, with a single low flow channel (occasionally in the past, two such channels) that
have had radical meanders, probably as a result of reduced gradient immediately upstream from
the Mill Avenue narrows. Major changes to the channel as a result of channelization by the
Arizona Department of Transportation and the Flood Control District of Maricopa County in
association with the Tempe Rio Salado Project have erased most of this natural channel
configuration.

4. Miles 16.4 to 21.5, Mill Avenue to 24th Street. A wide, unstable portion of the channel in
its original, natural condition, with several threads formed by low and moderate flows set within a
wider braided configuration. Four channels once existed at the 48th Street Crossing, but engineer
projects associated with the Tempe Rio Salado Project, Phoenix Sky Harbor Airport, and the
Interstate 10 Bridge have produced a new, artificial channel configuration.

5. Miles 21.5 to 26.8, 24th Street to 27th Avenue. A more narrow channel than the division
immediately upstream, generally with a single-thread low flow channel with low sinuosity and
substantial stability. The division is strongly affected by sand and gravel mining operations, urban
engineering, and bank stabilization.

6. Miles 26.8 to 31.7, 27th Avenue to 75th Avenue. A wide, unstable division with a single
thread low flow channel, different from the division above because of its width, and different from

the division below because of its single thread. This division has been moderately affected by
sand and gravel mining.

7. Miles 31.7 to 37.5, 75th Avenue to the Gila River Confluence. A wide, unstable division
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with multiple low flow channels and numerous mid-channel islands and bars that in some cases
approach half a mile in length and a quarter of a mile in width (Figure 20).

8. Miles 37.5 to 41.0, Gila River Confluence to the Agua Fia River Confluence. A wide,
multiple thread portion of the Gila River, different from the upstream divisions because of its
reduced gradient, dense vegetation, and substantial deposition (Figure 21).

At what discharge do bed materials begin to move, resulting in channel changes, erosion,
and sedimentation? The exact threshold discharge for any particular cross section can be
calculated using standard engineering and geomorphic functions related to the Equation of
Continuity, Manning Equation, shear stress or tractive force, and critical values based on the
characteristics of the sediment. For the Salt River in the vicinity of Tempe, calculations estimated
that the bed materials were likely to move when discharge exceeded about 25,000 cubic feet per
second (Graf, 1983). Observations during several discharges above and below this value confirm
that 25,000 cubic feet per second is useful threshold value for this particular reach of the river, but
other reaches, with different hydraulic conditions and sediments, are likely to have different
thresholds of instability. The Tempe Rio Salado Project has altered the conditions in the Tempe
reach, so its threshold of instability may now be different. Sensitivity analysis of the mathematical
relationships shows that the threshold is not likely to deviate by more than about 30 percent from
the stated figure, however, so that as a rule of thumb, discharges in the range of about 15,000 to
40,000 cubic feet per second are likely to result in sediment transport and channel instability
throughout most of the study area.

The boundaries of the high flow channel, the braided portion of the river occupied by
water only during major floods, have remained fairly stable over the last 125 years. Erosion
damage has occurred to properties developed within this zone because of erosion and
sedimentation that is expectable in braided streams, and to a lesser degree along its edges as minor
expansions have occurred. The truly mobile portion of the channel system is the low flow
channel, usually a single thread, occasionally a multiple thread. The exact location of the thalweg,
or lowest flow channel, change with almost every flood of even moderate proportions. Therefore,
its position on a long-term basis is a question of probability. Investigation of the position of the
thalweg channel over the period 1868-1980 shows that in some reaches, the thalweg channel is
located in the same position more than half the time, but in other reaches, it location might be
anywhere within the high-flow boundaries (Graf, 1981; 1983).

In order to construct maps depicting the locational probability, it is necessary to begin
with maps showing the locations of the thalweg channel at various times, as shown in Figure 14
and Appendix 8.15 A grid of squares superimposed on the thalweg channel maps provides a
sampling scheme, and the number of years each square was occupied by the thalweg channel can
be tallied. This tally, divided by the total number of years of record, provides a number
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Figure 20. Oblique aerial photograph made on October 2, 1962, looking west along the Salt
River from near 75th Street alignment to the vicinity of the Salt and Gila confluence area
(Maddock Associates Aerial Survey, Inc. Photo 42).
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Salt rivers from near 115th Street alignment. The large dark field in the right foreground is the
present site of the Phoenix International Raceway (Maddock Associates Aerial Survey, Inc.
Photo 19).
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Figure 21. Oblique aerial photograph made on October 2, 1962, looking east along the Gila and




representing the percent of years in the record when a channel was located in each square--that is,
the probability of finding a channel in each square throughout the past record. The values in each
square can be mapped, and contoured to provide a more easily interpreted representation of a
locational probability map.

Figure 22 shows an example locational probability map for the thalweg channel near the
Interstate 10 Bridge. Appendix 8.16 provides similar maps for the study area (except for the
reaches upstream from Country Club Crossing due to incomplete data). In the vicinity of Hayden
Road, the channel has been in one location only 25 percent of the time, and at other individual
points along the cross section, it has been present for less than 25 percent of the time, a fairly
unstable situation. In a reach downstream from the Mill Avenue Crossing, the channel occupied
one area for 58 percent of the time, a reasonably stable situation for dryland, braided or
compound river. The Interstate 10 Bridge Crossing is in a precarious position, because the
channel has been located in a variety of positions across the high flow zone, with no real preferred
location. When the original Interstate Bridge was built, the piers were sunk into the alluvium to
depth reflecting the surface configuration, with deeper piers under the low flow channel. True to
story told in the locational probability maps, the 1980 flood produced a locational change for the
thalweg channel, and it undermined a shallow pier set on a pad about 24 feet below the surface.
The shift in location for the low flow channel was entirely expectable given the nature of the
record of the channel in that reach.

Whether the past is a reliable predictor of the future for channel locations is questionable
for those portions of the channel that are heavily engineered. The Tempe Rio Salado Project has
created an entirely artificial arrangement that may or may not obey the established probability
maps. Elsewhere, except for radical changes brought about by sand and gravel mining, the maps
may be more reliable as estimates for future probable locations for the thalweg channel.
Constructed channels, constructed wetlands, and bank stabilization efforts are most likely to be
successful if channels are arranged into their most probable configuration based on their natural
behavior. Hesperger (1994) has suggested using the probability maps as a basis for environmental
restoration on the Gila River in the vicinity of Buckeye.

2.4.2 Terraces

The channel of the Lower Salt River lies at the foot of a series of relatively flat
surfaces that rise, stair step fashion, on either side. These terraces are graded to previous
elevations of the river channel, and along the Lower Salt there are usually two or three terraces
above channel level (Figure 23). They are high above the channel in mountain areas, but as the
streams issue on the alluvial surfaces of the Salt River Valley, they converge vertically toward
modern river level. Although they are obvious landscape features in agricultural areas because
landuse outlines their extent, their topographic expression is sometimes subtle, with only a couple
of feet in vertical separation. In some cases, drains for irrigation tail waters are located at the
downslope (toward the river) edge of terraces, and sometimes laterals or main delivery canals
occupy the upslope edge. Work by Péwé and his associates has defined and named three
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Figure 22. Locational probability map for the Salt River in the vicinity of the Interstate 10

Bridge. The thalweg is often in a single particular location at the right (east) margin, but in the

vicinity of the bridge, the probability of its occupying one particular alignment is relatively low
and the location is unstable.
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Figure 23. Schematic diagram, not to scale, of a partial cross section of the Lower Salt River

showing an active channel area with a low flow and high flow component. A series of terraces

rise to the right of the channel, to a desert slope. Each part of the sequence has distinctive
vegetation.
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commonly found terraces that flank the Agua Fria River (Péwé, 1976), Verde River (Pope and
Péwé, 1973), Salt River (Péwe, 1978), Queen Creek (Péwé, 1978), and Gila River (Péwée, 1978).
The terraces, from lowest to highest, have the names Lehi, Blue Point, Mesa, and Sawik, derived
from locations where they are well defined.

The lowest terrace, the Lehi Terrace, is subject to flooding in extreme events, and usually
has some fine-grained soils that reflect minor deposition during floods. It is named after the
settlement of Lehi (near northeast Mesa) which is built on the terrace. This lowest terrace does
not function as a flood plain, however, because the bulk of its materials are not part of the modern
active river regime. The earliest surveyors in the region understood and platted the channel and
terrace forms, sometimes correctly labeling surfaces that were in the high flow active channel as
"river bottom land," separate from terraces (Figure 10). The Blue Point Terrace is discontinuous
in the study area, and occurs as relatively small wedges between the Lehi Terrace below and the
Mesa Terrace above. An example of the Blue Point Terrace lies along the south bank of the Salt
River in northeast Mesa at the Val Vista Road alignment. The Mesa Terrace, upon which the
cities of Mesa and Tempe are constructed, is extensive, while the older and higher Sawik Terrace
occurs in remnants well away from the river. All the terraces contain sediments dominated by
cobbles with a matrix of gravel and sand that is moderately well sorted. The sediments in the
terraces are highly similar to the sediments on the floor of the modern channel (Kokalis, 1971), so
it is likely that they were moved in an energy regime similar to the modern one. The terraces are
therefore not likely to be the product of hydroclimatic change, but their genesis remains to be
investigated.

The ages of the terraces are related to their elevation above the modern channel, ranging
from the youngest close to the channel and the oldest lying at the greatest elevation. The oldest of
the four terraces is the Sawick Terrace which varies in elevation from 120 to 180 above the
present river channel. The age of the Sawik Terrace is about 2 million years old. The next oldest
terrace is the Mesa Terrace, which varies from 80 to 160 feet above the present day channel. The
age o fthe Mesa Terrace is not known, but it is older than the Blue Point Terrace and younger
than the Sawik Terrace. The Blue Point Terrace is next terrace below the Mesa Terrace. It's
elevation varies from 20 to 40 feet above the present channel. Like the Mesa Terrace the age of
this terrace is not known. The youngest paired terrace is the Lehi Terrace, which began its
formation during the late Pleistocene. The Lehi Terrace is in the Salt River floodplain and is only
5 to 10 feet above the present channel in the study area (Drosendahl, 1989), and it continues to
receive deposition during flood events.

Thus, in moving from the channel center outward the following sequence of landforms is
common along the Lower Salt River (Figure 23): low flow channel (often meandering, sometimes
multiple threads), high flow channel (often braided), first terrace (occasionally flooded), second
terrace (usually not flooded in the present hydrologic regime), third terrace (not flooded in the
present hydrologic regime), piedmont slopes (unrelated to river processes in the channel). There
is no flood plain in the sense of the term as it is applied to humid region streams.

2.4.3 Sediment Transport and Deposits

The Lower Salt River is a conduit for the movement of sediment as well as water, and the

78



sediments in the system determine in part the behavior of the system. Sediments form the
substrate for riparian ecosystems, and transport contaminants adsorbed onto sedimentary surfaces.
An understanding of the geomorphic systems therefore relies partly on knowledge about the
sediments of the system, but this is probably the most poorly known aspect of the river. There are
no sediment measuring stations on the Salt River, and conclusions about sediment dynamics rest
on empirical evidence and estimates made from use of mathematical models.

The amount of sediment transported in various discharge events has not been accurately
measured. Simulations using engineering models (reviewed by Simons and Sentiirk, 1992) can

provide general estimates, though such estimates should be viewed with caution and large error

envelops should be employed with using the estimates for planning and management. The models

cannot provide highly accurate results because the Salt River does not meet assumptions built into

the models as a result of unstable beds and banks, poor discharge data, impacts on the processes

by built structures and mining pits in the channel, and sediments that are highly variable from

place to place as well as vertically through the bed material. Imperfect as they are, model

predictions with their error envelops are the preferred approach to estimation because direct

measurement of the sediment transport process is not feasible.

The main channel of the Lower Salt River is rich in cobbles and boulders. The river has a
gradient that is steeper than that of the Gila River, so that the Salt appears capable of transporting
these large sedimentary particles readily during flood events. The cobbles and boulders are
deposited in sheets and long, narrow bars aligned along the length of the channel in zones of
deposition, particularly in reaches near northeast Mesa and near the confluence with the Gila
River. The bed and banks also contain considerable quantities of sand which is transported in
moderate flows. The sand is deposited in midchannel and channel sidebars throughout the system,
but especially in the Salt and Gila confluence area. In some cases, these channel sand
accumulations may be large, up to a third of a mile in length. They are ephemeral, however, and
subject to remobilization quickly in subsequent flow events. Indian Bend Wash is a sand supplier
for the river, and floods which issue from the wash into the dry Salt River bed often leave sand
deposits in the main channel as a result of reduced gradients. In the late 1980s, a large sand
accumulation developed upstream from the Rural Road Crossing as a result of several discharges
from Indian Bend Wash.

2.4.4 Sediment Quality

Within the study area the issue of sediment transport and storage are important factors in a
discussion on the issue of sediment quality. Sediment in the Salt River is brought by numerous
tributary washes and streams as well as from bank erosion. The sediment ranges from cobbles to
clay-size particles, all of which are transported during flow events. On a geologic time-scale, the
river has been a meandering system, with numerous cut and fill sequences and many channel
shifts. Sedimentation has taken place over the entire flood plain in response to the channel shifts.
Observations from historical ground photographs and aerial photographs have shown several
depositional features: cobble lag surfaces, sand sheets (macro-forms), channel side bars,
mid-channel bars, pointbars and overbank deposits. The bulk of the sediment transport has
historically taken place during flood events, when the river has it's greatest capacity and
competence. The largest quantity of material is moved as bedload, but finer material is also
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carried in suspension. As will be discussed later in this section, fines are critical to any assessment
of sediment quality. Movement of sediment does not have a fixed rate, instead it tends to move in
pulses or waves. Within the stretch from Granite Reef Dam to confluence of the Agua Fria the
sedimentation history can be characterized as a scour and fill system. However, over the last
century, this section of the river has been dominated more by degradational processes. The best
evidence to support this idea is the downstream storage of large amounts of sediment behind
dams and as channel macro-forms.

The issue of sediment quality is one of adsorption of contaminants to the surface of the
sediment. Warren and Zimmerman (1994), are the most recent to analyze the importance of that
surface coatings (i.e. Fe and Mn oxides and organic particulate matter) as sorbents of
contaminants in a natural fluvial system. In a dryland river setting iron, manganese, and calcium
carbonate surface coatings are more important to the adsorption of contaminants to the surface of
sediments than organic matter. In the study area, the lack of organic material is in direct response
to the ephemeral nature of the stream. Under a more consistent water flow regime, organic
material would be present and act as a chelating agent, sequestering contaminants to the surface
of the sediment. Along with the surface coatings, the surface area of the sediment plays an vital
role in the adsorption of contaminants. Finer particles have a larger surface area to volume ratio
(higher specific area) and are more likely to adsorb contaminants on their surfaces than coarser
sediments (Forstner and Wittmann, 1979, Forstner, 1980, Levinson, 1980, Salomons and
Forstner, 1984, Ratha and Sahu, 1993, Mogollon and Bifano, 1994). Any assessment of sediment
quality should address how and where the fine sediments are transported and deposited.

A list of known contaminants in the reach of the river from Granite Reef Dam to the
confluence of the Agua Fria can be found in Table 12, section 2.3.3. The degree of contamination
varied, and the major contaminates cited were: DDT, DDE, chlordane, dieldrin, toxaphene,
methymercury, chlorine, methal-chloride, soluble solids, total dissolved solids, phenols, metals
and pesticides (ADEQ, 1993). The sources of contaminants can be derived from a number of
point source and non point source sites. Some point sources of contaminants can be naturally
occurring. In most cases natural point sources are bedrock. Bedrock can create high levels of a
contaminants, but these high levels should be considered the natural levels for this particular
region. The weathering and subsequent erosion of the weathered material is what releases the
contaminants into the system. In the case of bedrock, heavy metals and heavy minerals are the
most important contaminants released during these processes. A 1994 paper by Baker and others
shows the Verde Formation (a soft, white alluvial deposit located along the Verde River) is
responsible for arsenic levels from 25 g/L to 200 g/L just above Granite Reef Dam. In 1992 the
Maximum Contaminant Level for arsenic was 50 g/L. Other major anthropogenic point sources
of contaminants from Granite Reef Dam to the Agua Fria River are: (1) Avondale POTW, (2)
23rd Ave POTW, (3) 91st Ave POTW, (4) Tolleson POTW, (5) USAF Luke Air Force Base, and
(6) Loral Corp. For more details the reader is directed to the ADEQ Surface Water Quality
Division's database and the National Pollutant Discharge Elimination Program also at ADEQ.

Non-point source pollutants are from storm water runoff, dewatering operations, sand and
gravel operations, wildcat dumping, agriculture and landfills. The stormwater runoffin the

" Phoenix metropolitan area releases volatile organic compounds, trace metals and pesticides.

Wildcat dumping is ubiquitous along the banks and in the bed of the river. The major
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contaminants released from wildcat dumping are volatile organic compounds. Agriculture within
the watershed contributes large quantities of pollutants into the fluvial sediments. The major
pollutants identified from the agricultural non point sources were: DDT, DDE, DDD chlordane,

dieldrin, and toxaphene (ADEQ, 1993). The landfills provide many of the heavy metals that are
present within the system.

Although a complete system wide assessment of the sediment quality is not possible at this
time, concentrations from previous studies below the present study area can provide some insights
into the issue of sediment quality. Two studies from the Middle Gila River in the vicinity of
Gillespie Dam north to the Hassayampa River and south to the Barrow Pit Lake (Painted Rock
Dam) will be relied upon for discussion of sediment quality (Earth Technology Corp., 1993 and

Draft, 1994). The metals and pesticides discovered in this reach of the stream are compiled in
Table 16. '

With regard to the heavy metals antimony was the only one higher than the Arizona
Ingestion Health-Based Guidance levels. However, upstream of this area ADEQ has concerns
about level of mercury, released by several point sources (ADEQ, 1993). In almost all cases the
concentrations of heavy metals in this reach of the stream were above average concentrations
found in other southwestern Arizona sediments. A second untitled draft study of organochlorine
pesticides in the same area found that only DDT, DDE, DDD and toxaphene were detectable in
the sediment and soil samples. These pesticides were detected at relatively low concentrations.

DDE was found to be more predominant of the three species of DDT ranging from 0.01-0.79
ppm (Draft, 1994).

In summary, there are several types of contaminants found throughout the study area.
Based upon other researchers reports it would seem that the sediment quality is worse than in
other parts of southwestern Arizona, but is still not at a level where it could be considered harmful
by the Arizona Ingestion Health-Based Guidance levels. A more detailed study of the entire reach

is needed to fully understand the transport and depositional history of contaminants within this
reach of the Salt River.
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Table 16. Metal Contaminant Concentrations (mg/kg) in the Middle Gila River Sediments.

(Source: Earth Technology Corp., 1993)

Heavy Metal Painted Rock Dam (1981-1989) Painted Rock Dam (1992) Gillespie Dam (1980-1989) Lower/Middle Gila River (1992) Average Concentrations in SW. AZ. Soils Az, IHBGLS*

Antimony 36 not detected 137 not detected 1 60
Arsenic 25.8 27 55 not detected 12.7 1000
Beryllium 1.7 not detected 1.3 not detected 2.5 0.14
Cadmium 0.5 1.3 0.4 0.9 0.4 100
Chromium 44.5 25.2 61 22 85.2 2000
Copper 83.1 122 65.9 65.2 34.4 26000
Lead 40.5 49 31 33 30 400
Mercury 0.34 not detected 0.2 0.3 0.12 40
Nickel 43.3 39.9 34 44 40.5 2000
Selenium 0.4 not detected 3 not detected 0.3 900
Silver not analyzed not detected 73.1 not detected 0.5 1000
Thallium 35.2 not detected not detected not detected - 0.7 10
Zinc 115 110 103 82 72.8 100000

* Ingestion Health-Based Guidance Levels for Soil
Source: Earth Technology Corp. 1993
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2.5 Engineered Features of the Lower Salt River
2.5.1 Granite Reef Dam

The modern version of Granite Reef Dam originated after drought struck the Salt River
Valley from 1898 to 1904. Valley farmers called for further investigation of a storage dam site on
the upper Salt River. During this time the National Irrigation Act (1902) had been passed to help
finance reclamation activities. The federal government through this act, was willing to financially
support the construction of an upstream reservoir on the Salt River. However, funding for the
project could not commence until the farmers had organized themselves into some type of water
district, because federal law prohibited the National Reclamation Association from dealing with
individuals. After convincing many of the skeptical farmers in the region, the Salt River Valley
Water Users Association was established in 1903 and construction on Roosevelt Dam was
initiated (Smith, 1972). At the same time the federal government also realized that the water
distribution system in the Salt River Valley needed to be improved. The improvements included
buying all of the canals in the Salt River Valley in 1905 as well as the construction of Granite Reef
Dam. Construction of Granite Reef Dam began in 1906 and was completed in 1908.

Granite Reef Dam is located 22 miles east of Phoenix. It is a concrete gravity structure
anchored to Precambrian granite that runs the width of the channel at this point. The concrete for
the dam was mostly made with natural gravel and sand from the local area, into which boulders
and other broken rocks were added. The dam consists of a weir with 166 flashboards and 128
feet of embankment wings. The structural height of the dam is 29 feet, with a weir crest elevation
of 1310 feet. Granite Reef Dam was constructed for and still operates as a diversion structure. It
is the principle take-out point for all of the Salt River irrigation water used in metropolitan
Phoenix. The present diversion capacity was unavailable, but the dam diverts water from the Salt
River via two main sluiceways and headworks (Figure 24). The south abutment has a sluiceway
with two 15'X 9' slide gates and headworks that consist of nine 7'X 5' slide gates. The north
abutment has a sluiceway made-up of four 15X 9' slide gates and a headwork that consists of
eighteen 7' X 5' slides gates, five of which do not work. The headworks are the intake structures
at each end of the dam through which water is drawn into the canals. The intakes at the north end
of the dam have the capacity to take in 2,000 cfs and the south end has the capacity to intake
1,500 cfs. The north abutment diverts water into the Arizona Canal and the south abutment
diverts water into the Southern Canal. These two main canals then carry water throughout the
Valley to other canals on both sides of the river.

There have not been any significant changes to Granite Reef Dam since it was been built.
The sluice gates and the diversion gate were changed in 1958 under the Rehabilitation and
Betterment program. The most recent report for the structure is from the Water Resources
Department at the Salt River Project. The 1986 Safety of Dams investigation reported that the
are no notable changes in the conditions of dam from the 1958 investigation. The general
condition of the dam concrete was fair to poor, with extensive cracking and minor spalling. The
condition of the apron was generally good, but minor repairs are needed on the sluice gates,
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Figure 24. Sketch plans for Granite Reef Dam (provided by Salt River Project).
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and the diversion gates are corroded.
2.5.2 Indian Bend Wash

Indian Bend Wash project, a flood control project designed by the U. S. Army Corps of
Engineers, impacts both the geomorphology and water and sediment quality of the Salt River.
The project, intended to protect the cities of Scottsdale and Tempe from floodwaters,
incorporates a greenbelt which allows for recreational use the floodplain. Indian Bend Wash Park
contains parks, golf courses, playgrounds, lakes, and walking and bike paths. Originally presented
in 1961, the plan for the project was authorized by Congress in the Flood Control Act of 1965.
The floodway conducts waters from the McDowell and Phoenix Mountains and the Arizona
Canal to the Salt River. It also receives surface runoff from several major streets and will receive
run off from the Pima Freeway after it is completed in Scottsdale. Lee (1988) provides a detailed
description of the dimensions of the floodway and the recreational facilities it contains.

Indian Bend Wash impacts the geomorphology of the Salt River by contributing water and
sediment to the main channel. Gage records of annual peak discharges from the wash for 1961 to
1984 varied from 0 to 4380 cfs, with a mean of 555 cfs (Figure 25). Notably, the highest flows
do not occur in the same years as floods in the Salt River, suggesting that flows in Indian Bend
Wash result from localized precipitation events in the Scottsdale area. Although no
measurements of sediment discharge have been made, the amount of sediment entering the Salt |
River from Indian Bend Wash can alter bed morphology near the confluence. For example, |
construction of the floodway made large amounts fine sediment available for transport in the
wash. Flows moved this sediment down into the Salt River, depositing the material near the
Scottsdale Road bridge as the flow spread out and was unable to transport the sediment further. \
No flows occurred on the Salt River which were large enough to transport this material through
the system. A large bar formed just downstream of the bridge and this bed feature continued to
grow with each flood event (Clark, 1991). This bar was removed after the 1992-93 floods
because it presented a large obstruction in the channel. Protection and energy-dissipation
structures along the mouth of the wash will likely increase sedimentation near the confluence.

Indian Bend Wash also presents a potential water and sediment quality hazard to the Salt
River. The floodway lies in the Indian Bend Wash Superfund Site, where volatile organic
compounds (VOCs), cyanide, acids, and heavy metals from several industries have contaminated
the soil (ADEQ, 1993). Arizona Department of Environmental Quality (1993) reports that
surface water in one of the lakes in the floodway, McKellips Park Lake, experienced algae blooms
and fish kills in 1987 and contains tetrachloroethylene (TCE) from the Superfund Site. Urban
runoff and disposal of substances in landfills are specifically cited as the sources of the
contaminants in the lake. During higher flow events, this contaminated water, lake sediments, and
soil moves down Indian Bend Wash and into the Salt River system. The extent of surface water
contamination in Indian Bend Wash and the rate at which these materials are moved to the Salt
River is unknown. Contaminated sediment could accumulate near the confluence of Indian Bend
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Wash and the Salt River, much as the large sand bar formed near the Scottsdale Road bridge
during the 1980s.

2.5.3 The Rio Salado Project

The Rio Salado Project was conceived by a student in the College of Architecture at
Arizona State University in 1966. The project design was for a linear park and greenbelt along a
flowing Salt River. The original concept also linked the metropolitan Phoenix area with the Gulf
of California in order to increase international commerce. A series of locks, similar to the Panama
Canal, were to be constructed to allow ships to transport goods to and from the Valley. The link
to the Gulf of California never came to fruition, but the linear greenbelt was met with a great deal
of public and private support. Official backing of the project began in 1969, when the Valley
Forward Association and the Maricopa Association of Governments accepted the original concept
of a linear greenbelt (RSDP, 1994).

The Rio Salado Design Study (1977) was generated for a five mile stretch of river in
Tempe. The study provided three alternatives along which the Rio Salado Project could be
developed: a desert-oriented landscape with limited water features; a water intensive
development; or a moderate water-use plan. In the same year the Department of Health,
Education and Welfare provided for a further in-depth study on the same five miles of the river in
Tempe. As public and private interest continued to increase, the Tempe Rio Salado Advisory
Commission (1979) was established to get broad citizen input, explore all avenues to improve the
project and to advise the City Council. The Arizona House and Senate then created the
valley-wide Rio Salado Development District in 1980. The Rio Salado Development District was
formed to devise a plan that would extend the greenbelt over the entire length of the metropolitan
area. In 1986, the State legislature approved a referendum for financing a Valley-wide Rio Salado
Project, which was voted down on November 3, 1987. The negative vote canceled a Valley-wide
greenbelt, but the Tempe City council decided that it would continue with the project on the
section of the river passing through Tempe (RSDP, 1994).

The Rio Salado Project covers the stretch of the river from 48th Street to Price Road
(Figure 3). The project is comprised of lands owned by the State of Arizona, Maricopa County
Flood Control District, Bureau of Land Management, Arizona State University, City of Tempe,
and a single private property owner. Project funding is through the Maricopa County Flood
Control District, the Arizona Department of Transportation and locally generated revenues.
Construction of the project will progress from west to east in conjunction with the construction of
the East Papago Freeway. The Tempe Rio Salado project was created with the idea of
development of land along the Salt River, recreation facilities and flood control through
channelization of the river (City of Tempe, 1990).

The channel is designed to support the "worst case" scenario, the 100 year flood (215,000
cfs). Channelization of the river will occur through the construction of a 900-1000 foot wide
stabilized bank floodway channel. The channel is aligned, such that the south channel bank will be
offset 100 feet to the north at Rural Road, while keeping the channel bend radius at a minimum.

A compound channel with both north and south terraces was found to best accommodate the idea
of flood abatement and future human constructed environs (CRS Sirrine, Inc, 1989). The
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southside terrace will be 150 feet wide on the westside of the project and will taper eastward to
the Mill Avenue Bridge to an 80 foot terrace. The 80 foot terrace will continue to a point east of
Rural Road, where a trapezoidal channel cross-section will continue for the remainder of the
reach. The north bank terrace begins at a width of 100 feet in the west and narrows to 24 feet
when it reaches the tri-city sewer line. The 24 foot terrace continues throughout the remainder of
the reach. Bank stabilization will occur at two levels: soil cement will be used to the height of the
ten year flood event and above that, a combination of wire-tied rock mattresses and rip-rap will be
applied. A system of earth covering over the two areas will permit the introduction of vegetation
(City of Tempe, 1990).

A low flow channel will also be installed throughout the human-made floodway. The low
flow channel ranges from 300-500 feet wide and five feet deep. It is large enough to
accommodate standard SRP releases of up to 5000 cfs from the upstream dams without damaging
the established human-made environments in the floodway. A series of grade control structures
will be established upstream and downstream of the channel limits as well as the confluence of
Indian Bend Wash, to prevent channel profile erosion. The grade control structures are designed
to limit scouring, lateral migration of the stream channel and degradation of the stream bed up to
a 250,000 cfs flood event. The design also plans for some natural aggradation to occur within the

system, which would provide a substrate for riparian vegetation to become established (City of
Tempe, 1990).

The city of Tempe has developed a water plan for over 300 surface acres of lakes and
streams within the human-made floodway. Artificial conservation lakes have existed in the reach
in the past, sometimes associated with Tempe Beach Park (Figure 26). The plan calls for the use
of effluent water, treated to full body contact standards, for recreational, park irrigation, freeway
landscaping and for sale to private users. The reclaimed water will be produced at two Tempe
water reclamation facilities, capable of producing millions of gallons of water a day. The effluent
will be pumped to the head of the lake system at McClintock Drive and allowed to flow free
downstream at roughly 1 to 2 cfs. Once downstream the water will be allowed to recharge the
aquifer or there is also the chance that it may be pumped back to the head of the system. Another
alternative in the water plan is to use water from the Central Arizona Project, which would be
delivered through the Salt River Project canal system. A large portion of the water will be used
for an artificial lake between Hardy Drive and Indian Bend Wash. The lake will cover 165 surface
acres and water for the lake will be held back by an inflatable dams at each end of the lake. The
dams will be constructed of rubber material and built in four spans of 200 feet each.

The Rio Salado Plan also calls for the construction of two native riparian habitats, that

have already been established. The first site is located between 52nd Street and the Hohokam
Expressway. It consists of the following species: desert hackberry (Celfis pellida), native
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Figure 26. Above: conservation lake at Tempe immediately above the Mill Avenue Crossing (the

Mill Avenue Bridge and the Southern Pacific Railroad Bridge are barely visible beyond the fishing

boat) as seen from the north bank looking west in September, 1949 (Corps of Engineers Photo,

W. L. Graf (copy photograph) Photo 43-9). Below, the same view in October, 1980, showing a
very different situation.
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Arizona ash (Fraxinus velutina), Fremont cottonwood (Populus fremontii), velvet mesquite
(Prosopis velutinia), Gooding willow (Salix goodingii), Mexican elder (Sambucus mexicana). At
the center of this site are two small pond areas. The major site is located north of the East
Papago Freeway between College and Mill Avenues. The species that were established include
desert hackberry, catclaw acacia (Acacia greggii), Fremont cottonwood, velvet mesquite,
Gooding willow, and Mexican elder. Both sites were established in consultation with members of
the Center for Environmental Studies at Arizona State University. There was an attempt at both
sites to remove the exotic plant species and continued removal is planned.

A series of other development activities are planned over the next several years. These
combined with developments already completed will be located on or adjacent to the human-made
floodway. Without going into great detail, a brief list of proposed developments is presented: (1)
a recreation site west of Priest Dr., (2) ice arena site, (3) water reclamation facility, (4) Rio
Beach, (5) East Papago Freeway, (6) Papago Park Center, (7) Tempe Beach Park, (8)Southwest
Center for Education and Natural Environment, (9) Hayden's Ferry, (10) The Boardwalk East,
(11) The Boardwalk West, and (12) Private Development Site on Rural and Rio Salado Parkway.
For an in depth explanation of each of these developments, the reader is directed to the City of
Tempe Community Development Department.

2.5.4 SKky Harbor Airport

Sky Harbor International Airport, the major airport for Phoenix and the surrounding
communities, is located between 44th and 24th Streets along the Salt River in Phoenix. The City
of Phoenix obtained the property and the original airport in 1935, and by 1946 it was one of the
busiest airports in the United States (City of Phoenix, 1986). Terminal 1 opened in 1952. When
Terminal 2 opened in 1962, the City hoped to close Terminal 1, but could not because use of the
airport continually exceeded the expectations of planners. After the opening of Terminal 3 in
1979, officials again planned but were unable to close Terminal 1. Terminal 4 was added in 1992.

Activities at Sky Harbor began to directly impact the geomorphology of the Salt River in
the early 1960s when the channel was realigned to accommodate the expansion of the airport's
south runway. The runway extended into the channel at the east end of the airport. When high
flows in 1965-66 damaged the runway, it was quickly rebuilt with protection (City of Tempe,
1993). Restoration of the south runway after significant damage by the 1978-80 floods further
impacted the Salt River channel. The river was rechannelized and diked near the airport for a cost
of nearly $14 million (City of Phoenix, 1986). Recently, the Federal Aviation Administration has
proposed the addition of the third runway at Sky Harbor, south of the present south runway. This
third runway further encroaches on the channel of the Salt River; when it is in place with its
accompanying embankments and bank protection, it will constrict and reorient the channel. The
City of Tempe (1993), strongly opposed to the position of the third runway, points out that "as a
result of repeated encroachments upon the Salt River channel, and notwithstanding a system of
levees and bank protection, Sky Harbor has not withstood a major flood without suffering
extensive disruption."

Sky Harbor Airport also contributes contaminants to the sediment and water of the Salt
River. Volatile organic compounds and petroleum products accumulate on the runways and other
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surfaces and are washed into the river during storm events. A drain to the east of the airport
conducts runoff and waste water to the Salt River channel. The quantity and quality of this water
is unknown, but this drain did at one time support dense riparian vegetation (K. Randall, 1994,
personal communication). This vegetation has been removed, possibly because of the hazard to
air traffic posed by birds attracted to the area.

2.5.5 Bridges

Bridges over the Salt River represent loci of intense conflict between floods and the
every-day lives of the inhabitants of the Salt River Valley. Eighteen bridges, 17 of which support
automobiles, cross the Salt River in the study area (Table 17). The responsibility for the
structures falls on five entities: the State of Arizona, Maricopa County, the City of Tempe, the
City of Phoenix, and the Southern Pacific Railroad. These structures range from 505 feet to 1602
feet in length.

While all but two of the present bridges that have been completed are less than 15 years
old, bridge building has a long history in the Salt River Valley. Many early bridges located near
old Hayden's Ferry and new Mill Avenue were destroyed in floods in the late 1800s and early
1900s. The first Southern Pacific Railroad bridge experienced a common cycle: originally built in
1887, destroyed by floods in 1891, rebuilt and destroyed by a flood again in 1905, rebuilt and
damaged by a flood in 1912, and then repaired (Nagel, 1988). The Ash Avenue Bridge, built in
1911 and dismantled in 19927, was the first non-railroad bridge to survive any number of years.
The oldest bridge on the Lower Salt River is the southbound Mill Avenue bridge, completed in
1931.

Bridges experienced build-destroy-rebuild cycles into the late 1970s and early 1980s as
three major flood events hit the Salt River Valley. Floods in February 1978 and again in
December 1978 closed ten of the 13 bridges crossing the Salt River (U. S. Army Corps of
Engineers, 1979a, 1979b). During both events, only the Mill Avenue and Central Avenue bridges
remained open, although neither structure escaped damage. Floods during February 1980 again
closed 19 crossings (including bridges and dip crossings), excluding the Mill Avenue and Central
Avenue structures (U. S. Army Corps of Engineers, 1980). Of the ten damaged bridges, only
three reopened within a month of the flood event. The U. S. Army Corps of Engineers (1981)
estimates that during a period of 17 days a minimum of $8.4 million was lost due to transportation
difficulties without the bridges.

Bridges impact the geomorphology of the river channel in three ways. First, they constrict

the flow of water because they limit the width of the channel. This constriction reduces channel
capacity, especially immediately upstream from the bridge, causing water to pile up behind the
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Table 17. Bridges Across the Salt River in the Study Area.

(Data from Arizona Department of Transportation and City of Tempe)

Year Structure Max. Span AZDOT
Route Completed Length (ft) Length (ft) Custodian Structure #
FAS 229 Gilbert Road 1990 1302 65 Maricopa County 7780
State Route 87, mile 177.22 1982 1348 135 State of Arizona 1812
(Country Club Drive)
Alma School Road .
north channel 1980 936 59 Maricopa County 8853
south channel 1980 410 59 Maricopa County 8853
State Route Loop 202
eastbound 1994 5287 140 State of Arizona 2268
westbound 1994 5165 140 State of Arizona 2269
Hayden Road 1984 1184 115 City of Tempe 9694
(McClintock Drive)
Scottsdale Road (Rural Road) 1981 1333 121 City of Tempe 9693
Mill Avenue 9954
northbound 1994 1510 150 City of Tempe
southbound 1931 1577 150 City of Tempe 9954
Southern Pacific Railroad 1912
Priest Drive 19927 City of Tempe ND
State Route 143, mile 1.37 1990 1161 129 State of Arizona 2182
(Hohokam Expressway)
Interstate 10, mile 150.72 1986 1083 134 State of Arizona 2003
24th Street 1980 864 72 City of Phoenix 9701
16th Street 1982 1110 120 City of Phoenix 9784
7th Street 1983 678 135 City of Phoenix 9742
Central Avenue 1975 900 98 City of Phoenix 9324
7th Avenue 1987 753 125 City of Phoenix 9898
19th Avenue 1982 1007 125 City of Phoenix 9741
35th Avenue 1983 505 125 City of Phoenix 9743
51st Avenue 1981 1602 100 Maricopa County 9692
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structure. The increase in depth of flow upstream of the bridge may lead to overbank flows,
exacerbating flooding of areas near the river channel and inducing sedimentation. Also, the
increase in depth of flow causes flow to accelerate through the bridge area, leading to local
degradation of the channel bed. This scour can undermine the bridge supports, leading to failure
of the structure. The constriction of the channel may also lead to deposition downstream of the
bridge where the channel suddenly widens to its preferred width. The sudden decrease in depth of
flow decreases the amount of energy available for sediment transport, leading to sedimentation.

Second, bank protection, such as riprap or soil cement, frequently accompanies bridges.
This protection may increase turbulence in the flow, dissipating the amount of energy available for
sediment transport and causing deposition of bars near the protected features. Deposition may
also occur downstream of the bridge supports: flow diverges around the pilings, creating an area
of flow separation, or dead water, on the lee side of the support.

Third, the bridges serve as anchor points for the location of the main channel of the river,
much as the Salt River is constrained by the bedrock of Tempe Butte and Papago Park. When
planners decide to construct a bridge and its accompanying protection, they essentially fix the
position of the channel at a certain point along the river. If the channel's position at that point has
been relatively stable over a few decades, this fixing of its position may not have a large impact on
the river. However, if the position of the channel is fixed at a point where, historically, the
channel frequently shifts in order to adjust to variations in water and sediment discharge, this
fixing limits the river's ability to adjust to those variations. Adjustments may then occur in a
different location where historically change has been minimal. Thus, bridges may reduce shifting
of the channel locally, but may induce change in the position of the channel upstream or
downstream of the bridge.

In addition to bridges, roads cross the Salt River at dip crossings, locations where the
paved road dips down the bank of the river and crossed on the channel floor. Presently, there are
five main dip crossings on the Salt River: Staley Avenue, McKellips Avenue, 67th Avenue, 91st
Avenue, and 115th Avenue. Historically, dip crossings occurred in numerous places, an
economical and quick alternative to bridges. While less common and less important than bridges,
dip crossings do locally impact the geomorphology of the channel. The road material renders a
portion of the bed of the channel immobile during flow events, increasing scour locally both
upstream and downstream of the crossing. Eventually, this degradation can undermine the
crossing, allowing pieces of the road material to be transported a short distance downstream.
Generally, however, the impact of crossings on the geomorphology of the river is less significant
than that of bridges.

2.5.6 Channelization

Channelization of approximately seven miles of the Salt River between McClintock Drive
(Hayden Road) and 24th Street has radically altered the geomorphology of the river, creating an
artificial landscape. In the early 1960s, the river was straightened and embankments constructed
to protect the first south runway at Sky Harbor Airport (see section 2.5.4). The county Flood
Control District extended these modifications through the Tempe area as protection for the
Papago Freeway in the 1980s. The freeway, encroaching on the natural floodplain of the river,
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follows the north bank of the channelization for four miles. Earth-filled embankments protected
with soil cement create a trapezoidal channel designed to contain the 100-year flow (250,000 cfs).
Originally, the channel contained an inset, low-flow channel which meandered across the bottom
of the floodway over loose cobbles. High flows in 1992-1993 removed these artificial low
terraces or channel side-bars, redistributing the material across the floodway and moving some
downstream.

Channelization has altered the width, pattern, and bedforms of the channel, as well as
removing any natural vegetation. All of these changes have created a more hydraulically efficient
channel, decreasing the possibility of flooding in the area while increasing the potential for erosion
within the channel and for downstream flooding (Keller, 1976). The artificial channel is wide
enough to accommodate high flows, such as the 1992-1993 floods. The river now follows a path
determined by human activity rather than natural processes. Once a meandering stream, with a
particularly large bend upstream of Tempe Butte, the river is straight from McClintock Drive to
48th Street where the channel abruptly curves to the south to avoid Sky Harbor Airport. The
addition of the third runway at Sky Harbor Airport will exacerbate this sudden change in
direction. Evaluating the geomorphic processes operating in this reach becomes extremely
difficult given that the channelized river contains few natural elements.

Other embankments and protection structures employed by landfills and aggregate mines
in the Phoenix, Tempe, and Mesa areas impose constraints similar to channelization on the river.
The upper and lower portions of the study reach do not contain significant levees, with the
exception of bridge crossings and the Holly Acres Bank Stabilization Project. Constructed in
1983-1984, the Holly Acres Levee is an earthen dike extending for approximately one mile on the
north side of the Gila River near 115th Avenue (Flood Control District of Maricopa County,
1994). It was designed to protect the community of Holly Acres from flows up to 125,000 cfs.
Extended by sand bags, the levee was not overtopped by flows up to 137,300 cfs during the
1992-1993 floods.

2.5.7 Sand and Gravel Mining

Sand and gravel mining operations, commonly located in dry river beds in Maricopa
County, impact both the geomorphology and water and sediment quality of the Salt River.
Because these operations are poorly regulated, only incomplete information on past locations of
mines is available. The Arizona Department of Mines and Mineral Resources (1993) has mapped
82 aggregate pits in Maricopa County since 1917, 28 of which were located on the Salt River
flood plain (Table 18). Seventeen privately owned operations and the Arizona Department of
Transportation actively mine aggregate in the Phoenix metropolitan area (Phillips et al., 1993).
Operations in the floodplain must obtain a permit from the Maricopa County Flood Control
District, and several other agencies including the Corps of Engineers, but details of the mining
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Table 18. Active Sand and Gravel Mines Along the Lower Salt River

(Data from Arizona Department of Mines and Mineral Resources, 1994 Commodities Listing;
listing incomplete)

Pit Name Location (Township and Range)
Grand State Sand and Gravel T.2N, R.6E, Sec. 21, S2
Sand and gravel pit T.2N, R.6E, Sec. 30, S2
Johnson Stewart Pit #1 ~ |T.IN, R.5E, Sec. 4
Mesa Pit and Plant T.2N, R.5E, Sec. 34, S2
Mesa Pit and Plant T.2N, R.5E, Sec. 33
Mesa Sand and Rock Pit #1 T.IN, R.5SE, Sec. 3, NW
Screening plant and shop T.IN, R.5E, Sec. 5, NE
Mesa Sand and Gravel Pit T.IN, R.5E, Sec. 8
Arizona Sand and Rock Plant #3  |T.IN, R.5E, Sec. 20, NE
Nesbitt Plant and Pit T.IN, R 4E, Sec. 13, N2
Hayden Road Pit T.IN, R4E, Sec. 11, NE
United Metro Plant #6 T.IN, R.3E, Sec. 13, S2
Valley Redi-Mix Plant T.IN, R.3E, Sec. 13, E2
Gravel pits 1 T.IN, R.3E, Sec. 22, NW
Arizona Sand and Rock Main Plant |T.IN, R.3E, Sec. 16, C
Union Rock and Materials T.IN, R.3E, Sec. 20
United Metro Pit T.IN, R.2E, Sec. 23, E2
Reeves Pit #1 T.IN, R.2E, Sec. 23, S2
Gravel pit 9 T.1N, R.2E, Sec. 29, NE
Union Rock T.IN, R.2E, Sec. 20, W2
Gravel pit 10 T.IN, R.2E, Sec. 30, SW
Sand and Gravel Operation T.IN, R.1E, Sec. 25, W2
Sun Materials T.IN, R.1E, Sec. 26, SW
Gravel pit 5 T.IN, R.1E, Sec. 32, SW
Gravel pit 4 T.IN, R.1E, Sec. 30, NE
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sites are not regulated. Along the Salt River, mining has concentrated in two areas: near Mesa,
particularly in the vicinity of McClintock and McKellips Roads, and in Phoenix, between 24th
Street and 83rd Avenue. Simons, Li & Associates (1989) provides detailed discussion of impact
of gravel mining on river hydraulics and summaries of legal conflicts over flood damages and
gravel mining in Arizona. Three aspects of sand and gravel mining impact the Salt River: removal
of materials, creation of pits, and erection of protective structures.

Sand and gravel mining essentially remove sediment stored in the channel, on the
floodplain, and in terraces along the river, disrupting the sediment budget of the river. In rivers
where upstream materials do not move downstream to replace sediment, the mining creates a
deficit in the budget. Without sufficient sediment to move, the river may scour the bed of the
river or become highly unstable, changing position and eroding its banks (Chang, 1988). Such
local changes can impact areas both upstream and downstream, particularly if the river lowers its
bed. Aggregate mining also reduces the amount of fine material available for transport: extensive
mining can lead to the formation of an amour layer, a layer of coarser materials (cobbles) in the
channel (Rundquist, 1980).

Removal of sand and gravel creates pits which impact both the geomorphology and the
water and sediment quality of the river. Unprotected pits can deflect flow and thus alter the
pattern of the channel. Studies on the gravel mining in arctic and subarctic rivers show that
mining increases the number of flow channels in both braided and meandering streams
(Rundquist, 1980). Pits also serve as fine sediment traps: some gravel pits along the Salt River
have been repeated excavated, filled with new sediments by floods, and then reexcavated.
However, refilling of some pits is becoming less common because there is less sand on the channel
floor than prior to the 1978-1980 floods. Figure 27 shows a multi-year sequence of events at one
sand and gravel mine in the channel of the Salt River in north Mesa.

While pit refilling adds to the notion that sand and gravel are renewable resources, it poses
a potential hazard to water and sediment quality. Contaminants, particularly heavy metals, are
often transported on or with fine sediments. When fine materials accumulate in gravel pits,
contaminants may accumulate there also. These concentrations may then leach into the high
ground water along the channel during flow events. Abandoned or finished pits may be used as
landfills. Carreiro (1975) discusses uses of reclaimed pits in southern California, including uses as
recreation and wildlife sites. Left alone, the pits tend to accumulate standing water and become a
public safety hazard.

Recently in the study area, the protective structures erected by sand and gravel operations
have had the greatest impact on the Salt River. After significant damages to equipment by floods
in the 1960s and 1970s, operations have built extensive embankments to protect both their
machinery and pits. These embankments often extend into the main channel of the river,
deflecting flow and potentially causing problems with overbank flows and scour in other
locations. Maps of the 100-year floodplain highlight the impact of these structures: the irregular
shape of the 100-year flow area, with angular edges, of the channel in areas of mining follows the
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Figure 27. The photos on this the following three pages show the same sand and gravel mine
from essentially the same viewpoint over a period of several years and through several floods.
The view is from the south bank of the Salt River looking north about two miles east of the
Gilbert Road Crossing. Above, the active mine in January, 1980 (W. L. Graf Photo 30-18).
Below, February, 1980, with discharge about 30,000 cfs (W. L. Graf

Photo 33-17)
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Figure 27 (continued). Above: February, 1980, with discharge of 120,000 cfs (W. L. Graf Photo
34-20). Below: the completely refilled mine in April, 1980, with two shallow

prospects excavated (W. L. Graf Photo 38-6).
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Figure 27 (continued). Above: the mine redeveloped in October, 1980, with the two prospects
still in evidence as markers for comparison with the previous photograph (W. L. Graf Photo 40-
2). Below: the mine inundated by a flow in October, 1983, shown with the

discharge at about 40,000 cfs (W. L. Graf Photo 42-0).
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Figure 27 (continued). The same sand and gravel mine as in previous views, shown in December,

1983, after the flood waters had dissipated. Note that the pit had not refilled with sediment, with

only the construction of a sand delta at the upstream entry point in the right portion of the view.
Some sandy beaches developed on the sides of the pit (W. L. Graf Photo 45-0.
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lines of these embankments.
2.5.8 23rd Avenue Wastewater Treatment Plant

The 23rd Avenue Wastewater Treatment Plant (WWTP) is currently going through a series of
upgrades and modifications, which will allow the plant to meet state water standards. It is not
beneficial to discuss the present operating conditions of the plant, because they will change when
the upgrades and the modifications are completed. In place of the operating conditions, a brief
overview of changes to the plant is provided. All material for this overview was supplied by the
Phoenix Water and Wastewater Department, Planning and Engineering Division. The upgrades
and modifications have been divided into two contracts. Work on contract No. 1 has been
completed. Contract No. 1 involved upgrading and expanding the odor control facilities,
non-hazardous waste disposal facilities, screening and grit handling building and installation of
chlorination and dechlorination equipment. There were also additional treatment facilities
constructed: primary influent parshall flume, new engine driven blower for No. 3 in Blower
building No. 1, modifications to Blower No. 2, new primary sedimentation basin, new digester
and modification to the existing digester building.

The second contract is currently underway, with a proposed finishing date of January
1995. Modifications to take place under Contract No. 2 are: changes to two existing aeration
basins, construction of two new aeration basins, four secondary clarifiers, a return activated
sludge pumping station, chlorination and dechlorination, chlorine and sulfur dioxide storage
buildings, modifications to existing chlorination and dechlorination buildings, digester
modifications, tertiary treatment facilities, modification of existing return activated sludge
pumping station and clarifier, new blower building and storm drain facilities. Completion of these
two contracts will significantly reduce contaminants presently found in the effluent. The City of
Phoenix maintains a complete set of monitoring data of the present conditions.

Upon completion of the construction planned in contract No. 2, the 23rd Avenue The
plant will have the potential to handle an annual flow of 57 mgd. The present service area can not
provide this level of water, so additional water will be pumped via the Salt River Outfall Pump
Station. The Salt River Outfall Pump Station is currently under construction and is expected to
be completed by January 1995. The most recent effluent flows (July 1993 to June 1994) have
been plotted in Figure 28. The highest daily maximum effluent flow during this time period was
36.9 mgd in June of 1994.

The future distributions of effluent from the 23rd Avenue Plant is based upon the
completion of all of the modifications in January of 1995. There are presently two stakeholders
involved in the consumption of the effluent from the 23rd Avenue plant. The first is the :
Roosevelt Irrigation District (RID)/SRP. The City of Phoenix has entered an agreement with the
RID to provide between 30 and 57 mgd via canals, while in return, an equal amount of
groundwater would be pumped from wells located on the RID lands and diverted
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into the SRP distribution system. The groundwater would be used by SRP customers for
irrigation. SRP would then deliver to Phoenix's water treatment facilities, SRP surface waters at
0.91 acre-feet per acre-foot delivered by the city to RID. It is anticipated that RID will use 57
mgd during the summer months (March through October) and 25-30 mgd for the rest of the year.
The second stakeholder is Peterson Farms, which has no written agreement with the City of
Phoenix. Historically, Peterson Farms has diverted effluent directly from the effluent channel. It
is expected that this use will continue and that Peterson Farms will utilize 1-10 mgd throughout
the year.

2.5.9 91st Avenue Wastewater Treatment Plant

Like the 23rd Avenue plant, the 91st Avenue Wastewater Treatment Plant is currently
going through a series of upgrades and modifications. It is not beneficial to discuss the present
operating conditions of the plant, because they will change when the upgrades and the
modifications have been completed. In place of the operating conditions, a brief overview of
changes to the plant is provided. All material for this overview was supplied by the Phoenix
Water and Wastewater Department, Planning and Engineering Division. A new design for the
91st Avenue plant is currently underway to convert the existing high rate activated sludge process
to a nitrification and denitrification process. The change is an attempt to comply with a future
Aquifer Protection Permit and ensure continued compliance with the National Pollutant Discharge
Elimination System Permit. The design is planned to be completed by December 1994 and
construction is planned to begin in April 1995. Construction is anticipated to be completed by
April 1997.

The design will consist of upgrading the plants 1,2 and 3 primary sedimentation basins,
addition of new chemical handling facilities, modification of the flow splitting structures, sludge
pumping and piping, upgrading the aeration facilities, replacing plant 3 IMLR pumps and
Nocardia Sprays, modifying the plant air header, adding a new digester, upgrading and expanding
the electrical and instrumentation systems for the new process, upgrading the chlorination
facilities, reuse water system and dewatering wells, and providing a plant-wide security system.
Simultaneously, a second design is underway to provide sludge dewatering and thickening
facilities. This design will develop an entirely new sludge processing facility. Construction of this
facility is anticipated to begin in April 1995 and be completed in October 1996.

The calculated monthly flows for the 91st Avenue plant over the last two years are
displayed in Figure 29. The flows are calculated daily rather than measured. The calculation is
done by measuring the influent and then subtracting the usage and the measured amount sent to
Palo Verde Nuclear Generating Station. It is done to monitor the effluent released for
consumption by the Buckeye Irrigation District. In 1994 the peak discharge from the plant
reached 156.13 mgd. The effluent has also been monitored for contaminants. The city of Phoenix
maintains the most recent monitoring for the period from July 1, 1993 to June 30, 1994. During
this time period several contaminants were high enough to eclipse the detection limits used in the
analysis. The following are a list of the contaminants that appear above the detection limits:
ammonia (as N), arsenic, boron, cadmium, copper, cyanide, and selenium. When the design for
1997 is complete, it is expected that the water quality should become better.
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Present agreements for use of effluent from the 91st Avenue plant are with the Buckeye
Irrigation Company (BIC) and the Arizona Nuclear Power Project (ANPP). BIC negotiated a
contract in 1971 with the City of Phoenix to acquire effluent until the year 2011. The contract
calls for the BIC to receive 26.7 mgd on average (30, 000 acre-feet a year). The irrigation
demand of the Buckeye District is highly variable with the season. All of the allotted water is
continuously diverted from the river into the BIC canal (9 miles south of the 91st Avenue plant),
whether the water is needed or not. The excess tailwater is returned to the Hassayampa River
downstream of the Buckeye District. A new contract is currently being negotiated between BIC
and the Multi-Cities Subregional Operating Group (SROG) [Glendale, Mesa, Phoenix, Scottsdale,
Tempe, and Youngtown] to acquire 40,000 acre-feet per year through the year 2030. The ANPP
negotiated a contract in 1973 with the SROG for 125 mgd (140,000 acre-feet per year). The
water is diverted prior to chlorine contact and conveyed via a pipeline to the Palo Verde Nuclear
Generating Station for cooling the reactors.

The future distribution of reclaimed waters from the 91st Avenue Plant is still not decided.
At present there are four proposed alternatives: (1) No Project Alternative; (2) Tres Rios
Demonstration Wetlands; (3) Recharge/Storage/Recovery (Reclaimed Water Study) and (4) Gila
River Indian Community. Under the no Project Alternative the discharge of effluent would
remain as it has been historically. However, with more stringent water quality standards expected
in the future, additional plant upgrades and costs will become necessary. The Tres Rios
Demonstration Wetlands will be discussed in more detail in the next section. With the Tres Rios
alternative, water would be further cleaned by allowing the water to pass through a series of
wetland environments and then into the Salt River. The Reclaimed Water Study is an alternative
where all the reclaimed water from the treatment plant is conveyed to a recharge, storage and
recovery facility located at the confluence of the Agua Fria and the New Rivers. Under this
alternative the BIC and ANPP agreement would be fulfilled by conveying the reclaimed water to
BIC via the ANPP pipeline. Direct Discharge to the Salt River would be eliminated. The final
alternative is to provide an additional 50-100 mgd of reclaimed water to the Gila River Indian
Community for irrigation of agricultural and non-agricultural land, groundwater recharge, storage
and recovery. In this alternative the direct discharge to the Salt River would be eliminated.

2.5.10 The Tres Rios Project

The Tres Rios project is situated on a seven mile reach of the Salt River between 91st
Avenue and the Buckeye Diversion site. It is located at the confluence of the Salt, Gila and Agua
Fria Rivers. The U.S. Army Corps of Engineers was initially in charge of assessing the viability of
the Tres Rios site. In its original plan, Tres Rios was designed to manage runoff and waste water
that was generated in this area. During the project assessment, the U.S. Army Corps of Engineers
lost funding support, and the project was inherited by the U.S. Bureau of Reclamation. In
conjunction with the city of Phoenix, the Bureau of Reclamation slightly altered the end product
of the project, with an emphasis on water reclamation and reuse. At present Tres Rios is an
attempt to plant riparian vegetation and establish areas of open water within the channel, for the
sole purpose of cleaning the effluent discharged from the 91st Avenue waste water treatment
plant.

At the heart of the Tres Rios project is the issue of water quality and its downstream
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effects. The 91st Avenue waste water treatment plant releases effluent into the bed of the Salt
River. Except for minor contributions from the Gila River, this is the only source of flowing
water in this section of the river. For all practical purposes the waste water effluent released from
the 91st Avenue plant is the river along this reach. At present the 91st Avenue plant releases
denitrified water from the plant into the effluent channels and leaching ponds and this water is
then carried into the Salt River.

At the broadest level the Bureau of Reclamation is attempting to take effluent water and
clean it so that it meets navigable water standards. In order to do this, they have proposed to
create a constructed wetlands along the north bank of the Salt River extending up to the edge of
the 1000 foot cleared floodway. The vegetation would be protected from flood discharges by
artificially constructed dikes. The effluent from the 91st Avenue plant would provide a moisture
source for the vegetation along the north bank. By providing the reestablished plant communities
with effluent water, the Bureau of Reclamation is confident that the vegetation would remove
some of the impurities in the water. In an attempt to further removed unwanted chemicals the
Bureau of Reclamation will also construct a series of wetland areas (ponded areas) in the 1000
foot cleared floodway. The wetlands will provide areas of standing water where the effluent can
be aerated and certain chemicals will be removed.

In an attempt to determine the cost of this project, the U.S. Bureau of Reclamation is
currently assessing the Tres Rios project, such that: (a) all of the effluent will be allowed to flow
into the river channel, or (b) the effluent will be completely diverted so that no water will be
released to the channel. The Bureau of Reclamation hopes that by examining these two extremes
an idea of the overall cost of the project will emerge. Bureau of Reclamation has established two
sites at which they are trying to determine what if anything can be done with the effluent. The
first site is just to the west of the plant on the west side of 91st Avenue and has been labeled the
Cobble Site by the Bureau. The second site lies just to the east of the plant and is refereed to as
the Hayfield Site. The sites were established to analyze what type of purification can be attained
by establishing vegetation and providing areas of standing water.

2.5.11 Landfills

Landfills, commonly located in dry river beds in Maricopa County, impact both the
geomorphology and water and sediment quality of the Salt River. Maricopa County Flood
Control District reported 24 active landfills and dump sites in or near flood plains in Maricopa
County in 1989, eight of which were located along the Salt River. Such extensive use of rivers as
solid waste disposal sites reflects the public perception of dry channels as essentially dead rivers,
offering no aesthetic, recreational, or other benefits to the surrounding communities. Landfills
contain industrial waste products, household garbage, tires, and vegetative waste (Flood Control
District of Maricopa County, 1994). Various county, city, and private interests operate the sites,
making identification of active and inactive landfills difficult. A set of land use maps recently
compiled by the Flood Control District of Maricopa County provides the best single source of
locational information for all active and notable inactive landfills, but these maps do not include all
inactive landfills along the Salt River. These landuse maps provided the landfill data reported in
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Table 19.

Landfills and particularly their protective structures impact the geomorphology of the
channel because they form artificial landforms on the floodplain. Waste disposal builds up low
terraces along the main channel of the river constrain the width of the main channel, as do natural
terraces. Landfills encroaching onto the floodplain constrict the channel, posing potential
flooding and erosion problems for the opposite side of the channel. Landfills also erode like
natural terraces, contributing their contents as sediment in the river. The exact impact of the
landfills on the river depends on the location of the landfill relative to the pattern of geomorphic
processes in the river. For example, a landfill located on the outside of a meander activated
during floods will likely experience erosion because scour naturally occurs there. Embankments
commonly protect landfills from flows in the channel. However, the composition, size, and
arrangement of the embankments affects their effectiveness in preventing erosion or inundation of
the landfill. During the 1992-93 floods, portions of the Tri-City Landfill on the Salt River eroded
because the high flows quickly undermined the silt-fill levees.

More critically, landfills contribute significant amounts of various contaminants to ground
and surface waters and sediment. Elevated ground water during flood events leads to leaching of
contaminants from the landfill into both the groundwater and soil (Maricopa Association of
Governments, 1980b). Flows may inundate disposal pits, picking up contaminants before
returning to the river channel or percolating into the groundwater system. Erosion of the landfill
entrains debris in the flood waters which carries the contaminants downstream both in the water
and as sediment.

Events at the 19th Street landfill, a Superfund Site, illustrate the hazards that landfills pose
to water and sediment quality. Some portions of the landfill fall within the 100-year floodplain.
In 1979, flooding raised the water table, filled several disposal pits, breached levees surrounding
the area, and washed debris into the river (ADEQ, 1993). Refuse in the landfill contained volatile
organic compounds (VOCs) and pesticides, which contaminated soils in the area. Groundwater at
the site contained VOC:s, pesticides, heavy metals and beta radiation. State of Arizona Health
Services determined the site was a environmental and health hazard and closed it in 1980. The
closed Estes/Bradley (40th Street) landfills pose a similar threat to water and sediment quality
along the river. This site is currently under a Water Quality Assurance Revolving Fund
(WQAREF) study.
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|
' Table 19. Active and Inactive Landfills Along the Lower Salt River.
I (Data from the Flood Control District of Maricopa County)
l Pit Name or Street Location Township and Range Location
Tri-Cities Landfill, Salt River Indian Reservation |T.2N, R.5E, Secs.26, 27, & 34
I First Street and Price Road, Tempe T.1N, R.5E, Sec. 13, N2
Estes/Bradley/40th Street Landfills (WQAREF site) | T.IN, R.4E, Sec. 18
Interstate 10 to 16th Street, Phoenix T.1IN, R.3E, Secs. 22, 23
l Del-Rio Landfill (16th Street) ' T.1N, R.3E, Sec. 21, N2
19th Avenue Landfill (Superfund Site) T.1N, R.3E, Sec. 19, W2
l 27th Avenue Landfill (City of Phoenix) T.IN, R.2E, Sec. 23
Abandoned Salt River Project Landfill T.IN, R.2E, Sec. 30, NW
l Possible Abandoned Landfill T.IN, R.1W, Sec. 36, S2
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2.6 Naturalness of the Lower Salt River

2.6.1 Scale for Naturalness

The engineered structures reviewed in the previous sections, along with altered
flows of water and sediment discussed earlier, have changed the general condition of the Lower
Salt River. If environmental restoration has as its goal the recreation of a pre-disturbance, natural
condition, how does one define that natural condition? More importantly, how does one define
the most common systems, those that are partly natural and partly artificial? If a continuum of
natural-to-artificial systems were to be constructed, the first necessary ingredient is the definition
of the end points; the second task is to define the intermediate states between the extremes. The
following paragraphs briefly consider these tasks with respect to ecosystems in their entirety, and
then from a specifically geomorphological perspective for rivers.

The Wilderness Act and the Wild and Scenic Rivers Act define their classifications based
on holistic ecosystems. The classification of the subdivisions of ecosystems, the physical,
chemical, and biological components, on a naturalness scale is also possible, and perhaps more
useful from a management and policy standpoint than very general approaches. In the case of
fauna, for example, estimates might be made of the species and their populations prior to human
disturbance, and those numbers might then be compared to post-disturbance species and
populations in a quantitative fashion. Such assessments also have spatial dimensions, and the
mapping of ecosystems or their subcomponents showing the distribution of naturalness would
provide useful input to environmental management. Since the purpose of this report is a
geomorphic assessment, the following paragraphs outline only a geomorphic scale for naturalness,
with a few remarks related to a hydrologic scale.

The geomorphic scale of naturalness for river channels presented here was designed with
the following criteria and objectives (Table 20 outlines the scale and provides illustrative
examples).

1. The scale applies only to geomorphology and sedimentology of the channel. It does
not pertain to the flood plain or other near-channel forms, and it does not account for directly for
hydrology, flora, fauna, or other subsystems.

2. The scale is general enough to apply to the full range of rivers found in the earth
environment, but detailed enough to provide specific information about dryland rivers on a reach-
by-reach basis.

3. The geographic unit of application of the scale is about one mile or one kilometer of
channel length. Thus, one mile of channel might be completely natural, while the next mile
downstream might be partly natural and partly artificial. The scale does not apply directly to river
networks or basins.

4. The various parts of the scale are useful for planning and management purposes, but
they are couched in terms understandable to the educated lay person.

108



Table 20. Geomorphic "naturalness" classification for river channels.

Channel Type 1. Completely 2. Essentially 3. Partly Modified | 4. Substantially 5. Mostly Modified | 6. Essentially 7. Completely
Natural Natural Modifled Artificial Artificial J
Pattern, X-Section No obvious cvi.dfmee Altered channel Altered channel Altered channel
O V) =
Sors il puenerrssion! | patrnsor x| pattrmsonx
processes as existed human activities sectional shapes sectional shapes
prior to human as a result of as a result of
occupation human activities | human activities
Minor Same forms and | Altered by Altered by Altered by Altered by Altered by
Landforms processes as | human activities | human activities | human activities | human activities | human activities
those found prior 1 or changes in or changes in or changes in or changes in or changes in
to human sediment supply | sediment supply | sediment supply | sediment supply | sediment supply
occupation
% Channel 0% <10% <10% 100%
= Area
<) Engineered or
Disturbed
Descriptive Completely Minor Obvious Major Major Largely artificial | Channel
Notes undisturbed modifications by | modifications by | modificationsto | modificationsto | channel due to completely
channel, could be | human, through flow regulation channel forms channel forms engineered bed determined by
a "wild river" in flow regulation or altered and processes, and processes, and/or banks; in | design and
the Wild and or by scattered sediment supply | with up to half with most of the some cases manipulation
Scenic River structures on an resulting in the channel area | channel area including with no natural
System otherwise channel disturbed by disturbed by dredging; a few forms or
undisturbed metamorphosis, mining, mining, natural forms or | processes
channel scattered development, or | development, or | processes remain
structures structures structures
Example Middle Verde Colorado River Platte River in Potomac River Santa Cruz River | Illinois Riverin | Los Angeles
River, Arizona in Grand Canyon, | Western near near Santa Cruz, | Central Illinois River in Los
Arizona Nebraska Georgetown, California Angeles, or
Maryland Indian Bend
Wash, Arizona

Note: Shaded cells indicate the most important diagnostic characteristic for each channel type.



5. The scale as used in this report is both qualitative and in some respects quantitative to
facilitate unbiased application.

6. The scale is to be used with aerial photography as a primary data source, with field
checks as a secondary data source; application of the scale does not require detailed field

mapping.

7. The classification is straight forward and objective, using objective reality as its base.
The scale does not have social or other values attached to its various designations, and it does not
purport to identify good or bad geomorphic environments.

The geomorphic condition of the river and its degree of naturalness from a geomorphic
perspective are largely the products of the hydrology of the stream. The controlling position of
hydrology in the system comes about because the water in the channel represents the energy
available for geomorphic work. If that energy is delivered at rates, in amounts, or at times
different from the natural conditions, changes are bound to occur in the physical channel. In
many respects, although the physical form of the channel is obviously disrupted by engineering
works and other mechanical means, the geomorphology of the channel system is natural only to
the degree that the hydrologic regime is natural. The installation and management of dams
represent the most direct disruption of the hydrologic regime, though land management also may
have pervasive, far-reaching effects that alter channel geomorphology downstream.

Through their storage capacity, outlet works, spillway capacity, and operating rules dams
alter four fundamental discharge properties, listed here in increasing order of their temporal scale
(Petts, 1984, p. 26): short-term fluctuations; magnitude of high, low, or mean flows; timing of
extreme events; and mean annual water yield. The operating rules for a given dam depend on the
ultimate purpose of the structure. For instance, hydroelectric produce daily fluctuations in
releases, for example, in response to demands for discharges to produce electricity, demands
which typically have a daily cycle. Taken together, the four general flow characteristics permit
the construction of a naturalness classification for river hydrology similar to the geomorphic
classification described above. In such a classification scheme (Table 21), the flow of the Lower
Salt River below Granite Reef Dam would be defined as completely artificial.

2.6.2 Application of the Scale to the Lower Salt River

Application of the naturalness scale for geomorphology to the Lower Salt River from
Granite Reef Dam to the Agua Fria confluence shows that there is considerable geographic
variation within the system with reference to its naturalness. The most natural geomorphologic
conditions exist at the downstream end of the system, west of the 91st Avenue Wastewater
Treatment Plant. The channel through Tempe and east Phoenix is completely artificial because of
the Tempe Rio Salado Project and channelization associated with Phoenix Sky Harbor Airport.
Other scattered reaches that are completely artificial have been modified by sand and gravel
mining. West of 27th Avenue, the channel is partly artificial and partly natural, while in the
Phoenix area, only a few natural charactertistics remain after extensive bank stabilization,
engineering modifications, and structures. Appendix 8.2 contains complete map coverage of the
study area with segments and their naturalness scale values plotted on U.S. Geological Survey
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Table 21.Hydrologic naturalness classification for river discharges.

Hydrologic Type 1. Completely 2. Partly Modified 3. Mostly 4. Completely
Natural Modified Artificial
Short-term Unchanged Increased, usually | Increased, usually | No flow in the
Fluctuations due to due to channel most of
hydroelectric hydroelectric the time due to
power production power production diversions
at an upstream at an upstream
dam dam
Magnitude of Unchanged Modest changes, Substantial No flow in the
High, Low, and/or usually increased changes, channel most of
Mean Flows low flows and particularly in the time, flood
decreased high mean flows: peaks higher than
flows decreases due to previous annual
withdrawals or maximum
increases due to
injection of
pumped waste
water
Timing of Extreme | Unchanged Unchanged Some extreme All but most
Events events added or extreme flood
subtracted from flows eliminated
the annual
hydrograph
Annual Water Unchanged Unchanged Substantial Annual flow from
Yield changes, decreases | local tributary and
due to withdrawals | waste water
or increases due to | sources only
injection of
pumped waste
water
Example Rouge River, Elwha River, Gunnison River, Salt River, central
Oregon, a "wild" Washington, Colorado, Arizona, below
river without dams | downstream from downstream from Salt River Project
hydroelectric plant | Blue Mesa Dam dams
at Glines Canyon
Dam
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Table 22. Geomorphic Naturalness Classification Applied to the Lower Salt River.

Mile Marks
Landmark Within Segment Naturalness Class
From To

0.0 1.2 Granite Reef Dam . Partly Modified

12 2.2 Higley Road Alignment . Essentially Natural
22 3.0 Near Sunshine Acres . Substantially Modified
3.0 4.1 West of Greenfield Road Alignment . Essentially Natural

4.1 49 West of Val Vista Road Alignment . Substantially Modified
4.9 7.2 Gilbert Road Crossing . Partly Modified

72 8.8 North of Lehi . Mostly Modified

8.8 9.6 Center Road Alignment . Essentially Artificial
9.6 11.7 McKelleps Road Crossing . Mostly Modified

11.7 12.7 Dobson Road Alignment . Essentially Artificial
12.7 223 Tempe and East Phoenix . Completely Artificial
223 26.6 Phoenix . Essentially Artificial
26.6 274 27th Avenue Alignment . Completely Artificial
27.4 28.7 35th Avenue Crossing . Essentially Artificial
28.7 29.9 51st Avenue Crossing . Mostly Modified
29.9 30.9 59th Avenue Alignment . Essentially Artificial
30.9 32.8 67th Avenue Crossing . Substantially Modified
328 33.7 East of 83rd Avenue Alignment . Essentially Artificial
33.7 352 91st Avenue . Mostly Modified
35.2 36.7 99th Avenue Alignment . Substantially Modified
36.7 379 Salt and Gila Confluence . Partly Modified
379 41.5 Dysart Road Crossing . Essentially Natural
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topographic base maps.
2.7 Values in the Without Project Condition

In the without project condition, most of the benefits of the Lower Salt River channel are
indirect--that is, the benefits accrue to many people who do not come into direct contact with the
river but who none-the-less obtain some benefit from its existence. These indirect benefits include
wastewater disposal, materials, transportation, groundwater recharge, and water quality
considerations.

Many people derive benefit from the river channel indirectly, because the channel serves as
a wastewater disposal area, a source for building material, and a transportation route. All users of
the urban wastewater treatment system benefit from the presence and use of the channel as a
conduit for effluent from the 91st Avenue Wastewater Treatment Plant. Without the channel,
injection wells or pipelines would have to be maintained to handle effluent. Any use of the
channel area by the City of Phoenix to conduct wastewater should have some dollar value
attached to it in economic analysis of the system. The channel also serves as the dumping area for
stormwater runoff, a benefit that accrues to several municipalities along the river length.
Evaluation of this benefit is obvious if alternatives are considered. For example, on-site retention
pools for stormwater would occupy valuable urban lands and pose temporary hazards that are
avoided by using the channel.

The channel is also the source of almost all the sand and gravel used in construction in
Maricopa County. Mining for these materials poses challenges for environmental restoration
because of the geomorphologic disruption it causes, but mining may also provide opportunities
for the development of lakes, recreation areas, and constructed ecosystems. The benefits from
mining therefore must include the market value of the materials removed, as well as the use values
that occur after mining.

The channel of the Salt River from east Phoenix through west Mesa is also an air
transportation route. As part of a multi-city noise abatement agreement, aircraft leaving Phoenix
Sky Harbor Airport to the east are required by local operating rules to follow the river at least to
the Price Road Alignment before turning. If the river were in a different location or arrangement,
property values east of the airport would be substantially reduced because there would be no exit
route for aircraft that could avoid residential areas. The empty spaces on the other side of the
airport show the likely effects on land use of such an arrangement. The river channel therefore
benefits land users and air travelers in a real, though difficult to evaluate, fashion.

The river channel is a major groundwater recharge mechanism. One-third or more of the
water flowing into the Salt River Valley during flood events seeps into the groundwater system,
and during many flood events the water levels in wells near the river respond by rising several tens
of feet. The channel is an efficient recharge mechanism because of its porous sediments, and any
engineering or restoration efforts that reduce this role would also reduce the recharge benefits.

The channel also performs a filtering effect on water that passes over or through it. Many
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metals and organic contaminants adsorb onto the sedimentary particles, and in most cases the
concentrations of contaminants is one to several orders of magnitude greater in the sediments than
it is in the water. The sediments become contaminated by this process, but they are less mobile
than the water, and are perhaps less valuable than the water. This benefit might be evaluated by

calculating the worth of the water if the contaminants were to remain in the water, resulting in
degraded quality.
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3 FUTURE WITHOUT PROJECT CONDITIONS
3.1 General Nature of the Future Without Project Conditions

The near future is likely to be an extension of the recent past for the partly natural
hydrologic and geomorphic processes operating in the Lower Salt River System. Occasional
releases of water over Granite Reef Dam from the upper watershed of the Salt and Verde systems
is likely, because the present climatological circulation system that produces the discharges seems
well established. The Office of Climatology at Arizona State University and the Arizona State
Climatologist agree that a return to the 1941-1978 conditions seems unlikely in the near future.
Predictability of the discharge events may improve if a clearer understanding of the El Nifio
connections emerges from ongoing research.

The channel of the Lower Salt River between Granite Reef Dam and McClintock Drive is
continuing to degrade and erode deeper into its bed sediments. A headcut of several feet is now
(mid-1994) eroding upstream in the vicinity of the Alma School Road and Country Club Drive,
indicating that the channel is not in equilibrium. Recent discharges have caused some
downcutting in the north and northeast Mesa portions of the channel, where the bed is now 20
feet below its pre-1941 position. Channel locational instability, especially in reaches west of 19th
Avenue, will continue, with the low flow channel changing its position with each moderate or
large flow event. Some bank erosion should be expected as when the low flow alignment
impinges on the edge of the high flow zone or on terrace edges. Channel instability downstream
from 91st Avenue to the Agua Fria River will be likely to be greater than in other parts of the
Lower Salt River. |

With regard to human activities, the future without project conditions will not be an
unchanged extension of the conditions prevailing in 1994. Public statements by civil and private
authorities provide an informal glimpse of what is likely to happen with river management over
the next decade. Sand and gravel mining will continue to be a feature of the geomorphology of
the river, but there will probably not be an expansion of mining between Granite Reef Dam and
Gilbert Road because rich alternative sources of material are available on lands of the Salt River
Pima Tribe, north of the river. These alternative sources will be used instead of the more heavily
regulated channel sites. After about ten years, the Maricopa Association of Governments (MAG)
group anticipates more rapid urban growth in the west valley, so that an increase in number and
intensity of sand and gravel mining operations downstream from 27th Avenue is likely. In all
cases, transportation costs are a major consideration in locating mines, so that mining expansion
will occur near economic development and freeway construction

The Tempe Rio Salado Project will transform about 5 miles of the Salt River from about
McClintock Crossing to the Hohokam Expressway (48th Street alignment) into a completely
engineered and landscaped river with a 250,000 cubic feet per second flood channel.
Construction associated with Phoenix Sky Harbor Airport will be likely to produce a constricted,
hardened channel with an alignment unlike the natural arrangement. Bank stabilization and
channelization will be likely to occur in the reach of the river through Phoenix where there will be
no project on the scale of the Tempe Rio Salado Project, but where more limited developments
including parks and constructed riparian ecosystems are likely.
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Downstream from the 91st Avenue Wastewater Treatment Plant, the installation of
constructed wetlands for partial removal of contaminants from wastewater is likely, with
attending changes in vegetation and contamination of sediments. While the city of Phoenix
envisions increasing vegetation cover in the area, the Flood Control District of Maricopa County
contemplates reducing vegetation cover. The Flood Control District has a decade-old program of
clearing a floodway through the phreatophytes downstream from 91st Avenue, and the agency
would prefer to maintain a clear path for flood waters. However, the cost of maintenance under
the present slash and burn process is becoming unacceptable, and the Flood Control District is
actively exploring alternatives to maintain the clearing. Irrigation tail waters into the Gila River
above its confluence with the Salt are likely to continue to promote high water tables and dense
growth of phreatophytes in and near the channel of the rivers in the vicinity of their confluence
and downstream to the Agua Fria River confluence.

Water quality in the Lower Salt River will continue to be an issue in environmental
management. Stormwater runoff with associated pollutants will be likely to increase as the
freeway system expands, especially along the Red Mountain Freeway alignment on the north bank
of the river in the Tempe area. Construction improvemen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>