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EXECUTIVE SUMMARY

The El Rio Project Area

The Flood Control District of Maricopa County ( District) has embarked on an important project
to prepare a Watercourse Master Plan (WCMP) for a 17.5-mile stretch of the Gila River. This
WCMP is known as the El Rio project. The El Rio project area is a complex mosaic of
interconnected and interdependent resources. The area includes the river bottom, stream banks,
floodway, and portions of the adjacent flood plain, on both sides of the Gila River floodway.
The project area also includes the terrestrial and aquatic ecosystems and the communities that are

dependent on these hydrological resources.

The project area extends from the confluence of the Gila and the Agua Fria Rivers, downstream
to the State Route 85 Bridge. This 17.5-mile stretch of river bottom and the adjacent floodway
are currently free of major dams or diversion structures, although there are several important
water intakes and outfalls for irrigation water. Major bridges span the floodway at half a dozen
locations. Land ownership is mixed, with a majority of lands along the floodway managed by
county, state and federal agencies. Private parcels abut the public lands along the floodway.
Loose networks of unmaintained trails and off-road vehicle tracks provide access for hikers,
campers, boaters, fishermen, bird watchers, and other recreationists. A looser network of
wildlife trails and travel corridors connects various habitat types that provide food, cover,
nesting, rearing, migration, and hunting areas for important native and introduced aquatic and
terrestrial wildlife species. There are two federally protected species that are listed as threatened
or endangered; a third species is a candidate for listing, and must also be considered in the El Rio
project area. These protected species rely on the riparian area along the river bottom for habitat.

There are many user groups with vested interests in the fate of the El Rio project area.

There are currently no developed recreation amenities in the project area, although a regional
park is adjacent to the upstream end of the project area. There are no public facilities for water,
sanitation, telephone, parking, or trash services. There are no formal security or emergency

services dedicated to the project area.
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Periodic flooding has continued to define the project area in many ways. The Gila River
floodway is scoured by flood actions on a recurring cyclical basis. Significant floods occur
about once each decade. Upstream dams and diversions on the Salt River, Gila River, and on the
Agua Fria manage seasonal flooding on the major tributaries above the El Rio project area.
These dams have affected the hydrology and water quality of the project area by reducing peak
flood flows. These peak flows have been replaced by extended flow periods when irrigation
return water and treated effluent dominate the sources of water. The historically seasonal flows
have been modified by water management and flood control, but major floods such as occurred
in 1993, still define the stream channels, determine the river bottom vegetation, and affect
adjacent and downstream communities in the floodplain. It is these major flood events that drive

the need for a more effective flood management program for the El Rio project area.

This environmental resources report presents the results of field studies, archival research,
community studies, agency interviews, and interdisciplinary team discussions, as an introduction
to developing opportunities and identifying constraints for protection, maintenance,

enhancement, and management of the resources in the El Rio project area.

Background to El Rio Project
The Gila River has been the source of eight significant flood events since 1891. These floods

have severely damaged property and disrupted the local commerce. Recent flood management
efforts date to 1987, when advance planning efforts led by the District and involving more than
20 local, city, county, Native American Communities, and other user groups were underway on
an extensive 97-mile stretch of the Gila and Salt Rivers. This scale of planning effort proved to
be too complex and ambitious for available funding, and smaller units of floodway were

identified.

In 1999, community leaders and officials identified the 17.5-mile El Rio project area as a
candidate for development of a Watercourse Master Plan using innovative multiple use
management programs. At the same time, the realities of public and agency expectations for

flood control programs were integrating environmental resource protection, mitigation, and
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enhancement with the more traditional goals of floodwater management using confinement,
retention and diversion.
The scope and approach for the El Rio Watercourse Master Plan were developed by application

of the District vision and mission statements.

District Vision and Mission Statements
The mission statement of the District includes a statement regarding environmental resources.
This statement is presented here as it forms the charter and the basis of the El Rio Watercourse

Master Plan.

“The vision of the District is that the people of Maricopa County and future generations
will have the maximum amount of protection from the effects of flooding through fiscally
responsible flood control actions and multiple-use facilities that complement or enhance

the beauty of our desert environment.

The mission of the District is to provide flood control hazard programs benefiting
Maricopa County that prevent loss of life or injury to residents and the elimination or
reduction of damages to real and personal property from flooding while enjoying the

natural and beneficial values served by floodplains.”

In carrying out these vision and mission statements, the District has committed planning efforts

to the Gila River through the El Rio Watercourse Master Plan.

El Rio Vision Statement, Mission Statement, Goals and Objectives

Large floods in 1978, 1980, and 1993 kept the public and the District focused on the El Rio
project area as a critical part of public asset and resource protection. The 1993 floods in
particular, affected public and private assets. Entire stretches of mature, native riparian habitat,
as well as stream channels themselves, were overwhelmed, eliminated, or relocated by high
floodwaters. Community costs were such that local officials and the District addressed the area
with renewed planning attention. One result of these advance planning efforts was the document

entitled: The EL RIO Vision, Multi-Agency Review and Response to Planning and Policy
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Opportunities on the Gila River. This El Rio Vision guides the present environmental studies.

As stated in an initial letter to the US Army Corps of Engineers:

“The Gila River has the potential to be restored, enhanced, and to provide multiple uses
such as ecosystem restoration, water quality improvements, flood control, natural

environmental recreation experiences, and other recreational opportunities”

In 1999, a Mission Statement was derived from the El Rio Vision.

“Restore the river,

Retain heritage landscape character,

Focusing on multiple use,

Linked to the surrounding communities, through public-private partnerships

While enhancing public safety with flood control measures.”

During a three-month process of workshops, this Mission statement was restated in October 1999

as a series of five objectives that should shape any future planning efforts:

Restore And Maintain The Natural Functions Within The River Corridor (As A) Riparian
Habitat

Focus On Multi-Use Facilities And Functions

Maintain Or Enhance Flood Control Elements Or Mitigate

Focus On Public/Private Partnerships

Link Functional Compatibility Outside The Riparian Habitat Limits

Each of the five El Rio Vision objectives has been broken down into more detailed lists of goals.

Some, but not all, of the goals are environmental in nature. The fieldwork and research reported

in the Environmental Resources Report is meant to provide the technical basis and background to

help achieve these goals. It is expected that the El Rio Watercourse Master Plan will be

developed, evaluated, and implemented to restore, enhance, or protect these environmental

values and goals. These environmental values and goals are revisited at the end of the Executive

Summary. The next step in the process will be to determine how the conclusions and

recommendations can be integrated with the El Rio Vision goals and objectives.
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TECHNICAL ENVIRONMENTAL CONSIDERATIONS

The technical sections that follow are developed to allow both qualitative and quantitative
evaluation of resource values within the El Rio project area. To aid in this evaluation, the project
area ecosystem has been approached as having three separate major functional components:
physical, biological, and anthropogenic resources. Clearly these are interconnected and

interdependent in the mosaic of habitat types and ecosystem functions.

Each of these major resource categories contains both opportunities and constraints for
development of flood management plans, practices and activities. The environmental resources
report presents the most significant elements of these three major resource areas, so that the
development of flood management alternatives can achieve a suitable balance between what are
sometimes seen as competing issues and values. Each of the three sections of the environmental
resource report is derived from a combination of archival information and field data collected by

the EL Rio project team during the fall of 2002 and spring of 2003.

PHYSICAL AND WETLAND RESOURCES SECTION

Surface Water Quantity

Existing and potential riparian resources in the desert environment are totally dependent on
water. Sustainable riparian areas require a dependable water supply with adequate water quality.
Fluctuations in both amount and quality are tolerable within limits, and the desert riparian plant
species are more tolerant than most. Seasonal and cyclical drought and flooding are facts of life
for the native cottonwood and willow plant community. In the El Rio project area these cycles
have changed due to land and water resource development in every major tributary. The
remaining riparian community within the project area proves the tenacity of desert species to
survive even in the face of change. Water quantity and quality affect riparian vegetation habitat
types and the potential for restoration and enhancement of these valuable resources; these are

discussed in the sections following.

Upstream development has altered the perennial character of the Gila River. Peak spring flood
flows have been retained behind upstream dams, distributed to municipalities, and diverted onto

agricultural fields. Low fall and summer flows have been sustained by recycled and reused
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wastewater. Groundwater levels have changed due to pumping and recharge. However, the El
Rio project area still contains substantial surface water. Even in seasons of drought years, open
water is found along most of the El Rio project area. These water bodies provide an adequate
water supply to effect sustainable economical restoration of the three classes of riparian
vegetation habitats in the El Rio project area: xero-riparian (includes drought tolerant plants),
hydro-riparian (water dependent plants) and wetland ecosystem (saturation dependent plant

species).

Surface water sources for the area are precipitation, treated effluent, agricultural irrigation drains,
and canal discharges. Also important is the geological setting, which is characterized by
relatively shallow depth to groundwater. The shallow groundwater tables and multiple surface
water inputs mentioned above, provide flexibility in approaching ecosystem restoration in the El

Rio project area.

The amount of surface water and depth to groundwater affects the restoration potential and
methodologies that can be used the project area. Shallow groundwater tables allow use of
economical pole planting techniques for establishing dominant riparian species. Shallow
groundwater combined with the surface water inputs should also reduce the cost of establishing
or enhancing wetland and aquatic habitat features. Vegetation management achieved through the
replacement of terrestrial species with wetland plants or open water aquatic areas via excavation

will also be more cost effective because of the reduced amount of material to be removed.

Because annual precipitation is low (approximately 7 inches/yr) and its occurrence is variable,
restoration efforts should not rely upon runoff as a primary water source. Runoff could however
be used to augment wetland irrigation systems in appropriate locations. Treated effluent is likely
the most consistent and reliable year around contributor of surface water to the El Rio project
area. Agricultural irrigation and dewatering discharges are secondary. Combined with the
presence of shallow groundwater, existing surface water sources appear sufficient to support

restoration efforts in some areas.
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Conclusions and recommendations made on the basis of water quantity within the project area:

e Surface water flows are adequate to restore and sustain diverse riparian communities

e Maintenance of surface water flows will be required to sustain desirable riparian
communities

e Groundwater is currently shallow enough to allow economical pole planting techniques
e Stormwater runoff is not adequate, by itself, to allow sustainable riparian communities in

the project area, and irrigation would be required outside of the shallow groundwater
areas

Surface Water Quality

Riparian and aquatic communities that are desirable and diverse are dependent on adequate water
quality. Although short-term fluctuations can be tolerated during a flood event, consistent
quality of water is required for regeneration of plants and for reproduction of aquatic species.
The species of plants and animals found in the El Rio project area have become adapted or
selected to tolerate the seasonal water quality variations found in this low humidity and high
evaporation desert environment. The less tolerant plant and animal species have been eliminated

or become less abundant within the project area.

The surface water quality of the El Rio project area is also influenced by local and regional
drainage. Regional surface flows occur in response to releases from upstream dams. The flows
can mobilize and transport contaminants to the project area from throughout the contributing
watershed. Locally, the major surface water sources in the project area are treated effluent,
dewatering wells, agricultural return flows, and stormwater runoff. There is a close interaction
between the soils and the water quality in some areas along the fringe of the riparian area. Here
is where salts accumulate in the soil as water is evaporated in summer, and water quality is

affected as salts leach out when soils are saturated during runoff events.

The Gila River in the El Rio project area is designated as an effluent dominated stream by the
Arizona Department of Environmental Quality (ADEQ). It is fed primarily from 91% Avenue
Wastewater Treatment Plant (WWTP) effluent and agricultural return flows. Historical quality
of water in the river has been poor. High residual pesticide and trace metal concentrations have

resulted in contaminated fish; a human health advisory is in place warning against consumption
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‘ ‘ of fish and shellfish. Because of these issues, planning and conceptual design restoration
alternatives should include a complete characterization of proposed water sources. The
? characterization would assess the need for pretreatment and or to identify water quality issues
that may not meet guidelines for protection of human health or wildlife. A summary of water

quality concerns from the various sources is shown on the table below.

Summary of Water Quality Concerns from Sources in the EI Rio Project Area

T = 8 ”
> = =1 o ]
Z o b3 o0 R =
¥e) =) 7 & = o

WWTP "

Effluent X = X L £

Agricultural X @ X X X X

return flows

Dewatering X X

flows

Anirual X X X X X

operations

. Stormwater X X X X X X

* pH may become an issue in cases where nutrients are excessive.

Conclusions and recommendations made on the basis of water quality within the project area:

e Water quality concerns are based on levels of pathogens, trace metals, pesticides,
nutrients, and organic compounds

e Due to the nature of effluent dominated waters, full body contact recreation and potable
water uses are not advisable

e Consumption of aquatic fish and wildlife is not advisable at this time

e Development of recreational opportunities that encourage consumption of fish is not
advisable

e Movement of water through the system is recommended to maintain dissolved oxygen
and to prevent stagnation

e Dissolved solids levels will require occasional leaching or flushing of soils to prevent salt

buildup
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Revegetation Potential

The wetland and riparian habitat types currently in place within the project area are modified
from historical conditions. The current conditions support twelve vegetative cover types in the
El Rio project area. These cover types are typified by plant communities with varying salinity
and moisture tolerance. Historical plant communities were probably similar in nature, but
significantly different in distribution. Salt cedar, now the dominant species in the project area,
was not present in historical times, and there were no salt cedar dominated community types.
This aggressive species has little habitat value for wildlife, impedes flood flows, consumes
enormous volumes of water, degrades soil with salt accumulations, and can lead to extreme fire
hazard conditions. On the positive side, salt cedar is recognized by land management agencies
for its cover values because there are few other species so able to produce thick impenetrable

shelter for wildlife.

An opportunity exists to preserve the remaining high quality habitat and to enhance marginal
habitat in the El Rio project area. This can ultimately be achieved through selective removal and
replacement of exotic species with open water, wetland marsh, native-riparian and upland
vegetative communities, where appropriate. Creation of additional high quality native habitat,
where none 1s present, is also possible within some areas of the El Rio project area. The

selection of type and location will be subject to appropriate soil conditions and available water.

Conclusions and recommendations made on the basis of wetland communities within the project
area:
e Protect highest quality habitat types such as wetland marsh, cottonwood, willow, and
other plant communities dominated by native species

¢ Restore and enhance higher quality habitat types such as native cottonwood and willow,
through conversion of poor quality types such as salt cedar, where conditions are
favorable

¢ Remove exotic species, replacing them with open water, wetland marsh, and native
riparian in areas where conditions are favorable

e Enhance and upgrade lower quality upland habitat types where soil and water quality
allow
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Soil

Salinity and potential contamination are the two primary concerns with respect to soils and the
establishment and maintenance of native riparian and wetland plant species in the El Rio reach of
the Gila River. Soil forms the fundamental base for vegetation productivity, diversity, and
sustainability. Soil types in an area are generally derived from a combination of weathered
products of underlying bedrock geology, sediments left by wind or water, and organic material
derived from plant growth. Soil types are described by parameters such as mineral content,
structure, grain size, porosity, permeability, fertility, depth, source, trace metal content, salinity

levels, and many others.

Specific soil data are lacking in the project area, but the vegetation type and the appearance of
salt deposits on the soil surface indicates that soil salinity increases in the direction of river flow.
This is reasonable because the El Rio reach of the Gila River is historically an area of increased
salinity resulting from its location near the downstream end of a large contributing watershed and
arid climate conditions. The dominance of salt tolerant vegetation indicates that existing soil
conditions in the El Rio project area have elevated salinity. Native riparian species such as

cottonwood and willow have lower salt tolerance than salt cedar and other species.

Select contaminants such as heavy metals and hydrophobic pesticides and herbicides may adhere
to the surfaces of soil particles. Contaminated particles are then transported via runoff to the
receiving water bodies where they can influence water quality and impact both flora and faunal

fitness.

Sediment sampling and quality analysis have been conducted in the El Rio project area but the
data are dated and considered insufficient for formulation of prudent restoration decisions. The
existing data indicates a potential for extreme soil salinity values and soil contamination from

organic compounds and heavy metals.

Specific soil recommendations are:

¢ Conduct agronomic testing on soils at proposed sites for active restoration of native
vegetation

o Identify soil conditions that pose limitations for project facilities using site assessments
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e (Consider leachability of contaminants for soils in areas that may be developed as
permanent open water areas.

e Consider soil banking or stockpiling from sand and gravel operations to provide high
quality sources of fine materials for restoration and mitigation

Nuisance Insect and Vector Populations
The water resources within the El Rio project area provide aesthetic, recreational, and wildlife
habitat opportunities. Water resources include streams, large and small ponds, side pools, and
marsh wetlands. The nature of the lentic systems also provides opportunities for development of
nuisance and vector insects, particularly midgeflies and mosquitoes. Historical data collected
within and near the project boundaries document the presence of these organisms, sometimes in
very high numbers. Midgeflies are associated with disruption of work and recreational activities,
and possibly allergic reactions. Mosquitoes can carry a number of disabling diseases that impact
humans, wildlife, and domestic animals. Establishing an ecological balance through an integrated
pest management plan that incorporates vegetation and water resource management,
enhancement of natural predator habitat, and judicious use of target-specific larvicides can

minimize the development of midge and mosquito populations and help achieve project goals.

Specific vector control recommendations for the project area:

¢ Nuisance and vector species exist, sometimes in high numbers, and will require control
e Locate, design, and manage facilities with consideration of vectors

e Encourage biological control of vectors by optimizing conditions such as water depths
and water levels for natural predators

e Larvicides and pesticides may be required elements of integrated management plans

BIOLOGICAL RESOURCES SECTION

Plant community types are the basic building blocks of an ecosystem the size of the El Rio
project area. The plant community defines the types and diversity of animals that depend on the
plants for primary productivity and food. Animals also may depend on the plants for ambush
cover, nesting materials, perches, shade, moisture, territory demarcation, and shelter from
predators. Plant communities in turn are defined by soil type, ground water level, seasonal

variation, slope aspect, soil depth, and other variables. Soil types and other parameters are

difficult to define and more difficult to map. However, plant community types can be readily
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identified in the field and from aerial photography. By identifying the types and extent of plant
communities, and correlating these with other beneficial resource values, ecologists and planners
can gauge the success, health, and rates of change of ecosystems. For this report, the terms plant
community, vegetation community type, plant cover type, and vegetation habitat type can be
considered synonymous. Each of these interchangeable terms describes a collection of plant

species that can be recognized by the primary dominant species.

Plant Communities within the Study Corridor

Twelve distinct plant communities were identified by ground-truthing both aerial photos and
infrared photographs of vegetation communities within the El Rio project area. Vegetative
communities classified in the project area have been adapted from Anderson and Ohmart (1984),
with changes and additions based on local conditions. Based on a review of aerial photos,
combined with known vegetation cover characterizations, and photos taken in the field,

vegetative communities and cover types were mapped.

The distribution of vegetation cover types shown below is a snapshot of the El Rio project area
in 2002/2003. Salt cedar dominates the area at 54.5% of the riparian vegetation within the
project area. This monotypic vegetation type, when combined with 38.2 % cobble strand (barren

sand and gravel bars), makes up over 90 % of the habitat types.

El Rio Vegetative Cover Types

Cover Type Acreage % of Total
Salt Cedar 4,349 54.5 %
Cobble Strand 3,048 38.2 %
Saltbush/Quail brush 179 22%
Willow/Salt Cedar 168 2.1%
Cottonwood/Willow 100 1.3 %
Arrow-weed/Willow/Salt Cedar 49 0.6 %
Salt Cedar/Cottonwood/Willow 33 0.4 %
Arrow-weed/Willow 32 0.4 %
Marsh 1 and Marsh 2 (combined) 17 0.2 %
Sonoran Desert scrub na na
Agricultural na na
Total 7,975 100.0 %
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Note to table: agricultural lands and Sonoran desert scrub are not included in the acreage figures,

because they are considered to be outside of the floodway.

Specific vegetation community recommendations are:
e The salt cedar/cottonwood/willow community presents the best opportunity for
enhancement
e Restoration and enhancement projects must be self-sustaining
e Preserve the existing marsh habitat wherever possible
e Increase marsh habitat wherever possible
e Protect or enhance existing habitat types with willow as a component
e Increase all habitat types with cottonwood or willow as a component
e Reduce or eliminate salt cedar habitat in favor of all habitat types except cobble / strand

e Evaluate replacement of monotypic salt cedar habitat with native mesquite bosque

Endangered Species Habitat within the Study Corridor

Most species are adaptable to several different vegetation communities and habitat types. Some
species are adaptable to almost any type. Others are obligated and dependent on only specific
types or even specific types within specific climatic or elevation limitations. As is often the case,
more specific habitat requirements serve to limit the species distribution. And where very
specific habitat requirements are coupled with limited connectivity between like habitat types,
marginal suitability of habitat, and disruption of breeding cycles or disease, some species cannot
maintain sustainable numbers. These are the species that become protected through federal
designation as threatened or endangered. Failure to reestablish an endangered species can result
in regional elimination from an area of suitable habitat, extirpation, or even extinction. For these
reasons, special attention has been made to identify species, habitat requirements, and areas of
suitable or restorable habitat, which meets the specific needs of threatened and endangered
species in the El Rio project area. For this study, habitat type is seen as a subset of vegetation

community type or types.

Two endangered species and one candidate species potentially inhabit the El Rio project area.
The two endangered species are: the Yuma clapper rail (YCR), one of seven North American

bird subspecies of clapper rail, and the southwestern willow flycatcher (WIFL), a riparian
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obligate bird species restricted to dense stands of vegetation along perennial waters. The
candidate species is the yellow-billed cuckoo (YBC), a relatively rare bird species that occurs in

mature native riparian stands of cottonwood and willow and large mesquite bosques.

Important Wildlife Habitat

Some habitat types are more diverse than others, some are more productive, and some are more
rare. It is not always the case that rare habitat is more valuable to the ecosystem, but it is
common that the more rare is home to the more restricted, less adaptable species. The more
uncommon a habitat type, the more difficult it becomes for the species dependent on that habitat
to move or increase its range. For these reasons the El Rio study has focused on the

identification and location of the less common habitat types and features.

Certain vegetation cover types have been associated with the protected species, and are given
special planning status. Other plant and wildlife species benefit as well from habitat
improvements that are undertaken for special status and protected species. Marsh habitat in the
project area should be preserved and if possible enhanced to benefit the YCR. The plant
communities of salt cedar/cottonwood, arrow-weed/willow/salt cedar, arrow-weed/willow, salt
cedar/cottonwood/willow, cottonwood/willow and willow/salt cedar should be considered
potentially suitable habitat for the WIFL when they occur adjacent to perennial water, and given
the appropriate level of protection. Although the YBC populations have declined in this area of
the Gila River, their continued presence on the eastern and western ends adjacent to the project
area indicates the species’ willingness to occupy similar habitats as are found in the El Rio
project areas. All the larger native deciduous galleries and mixed native/non-native stands
adjacent to perennial water should be preserved. In addition, since the study area includes dense
stands of exotic and native plant communities and perennial water, the entire study area could be

considered a travel corridor for this species.

The larger deciduous stands should be preserved, and overspray from insecticide spraying in the
agricultural areas should be kept away from the riparian areas of the river corridor. Surveys for
the affected species may be warranted in suitable habitat areas if they are to be impacted by any

project activities.
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Field survey crews have identified other important wildlife habitat types. Numerous beaver
lodges and dams were encountered in the project area. These structural modifications to the
open water and marsh systems are often constructed at the expense of adjacent stands of willow
and cottonwood. In the short term this harvest of mature trees can be a setback to restoration and
management efforts. In the long term a balance of beaver populations and cottonwood willow

habitat goals will be required.

Heron rookeries were found at two locations in the project area. These rookeries are dependent
on standing dead cottonwood trees, and other large mature trees to support the large nests. These

sites have been located on the appropriate maps to allow for avoidance and protection.

Opportunity Areas for Wildlife Habitat Enhancement

The field survey data were compiled onto vegetation cover type maps that delineate the plant
communities within the corridor. The team identified and evaluated endangered species habitat
during these field surveys. Areas that presented opportunity for possible restoration or
enhancement, and areas that contain important or unique wildlife habitat, were mapped. Each of
these components from the field reconnaissance is presented within the report. The components
are presented with a narrative description, supplemented with references to the appendices which
contain a Geographic Information Systems (GIS) overlay map and representative photographs.
Collectively, the field survey data maps include specific recommended areas for protection and

enhancement of wildlife habitat.

Specific recommendations for endangered species and unique wildlife habitat types:
e Surveys for Yuma clapper rail, southwestern willow flycatcher, and yellow billed cuckoo
should be conducted in areas of suitable habitat that may be impacted by project activity
e Restore or enhance all marsh habitat types to benefit the Yuma clapper rail

e Protect and enhance dense stands of vegetation along water where possible to benefit
southwestern willow flycatcher

e Protect and enhance mature cottonwood and willow habitat type to benefit yellow billed
cuckoo

¢ Temporal losses of habitat need to be considered when removing large expanses of any
plant community
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¢ Avoid the two known heron rookeries
e Avoid the known egret roosts
e Protect and avoid known nesting locations for all protected species

e Opverspray from insecticide spraying in the agricultural areas should be kept away from
the riparian areas of the river corridor

e Create or enhance suitable habitat types for protected species wherever possible

¢ Remove or reduce exotic species where encroachment into suitable habitat lessens its
habitat value to protected species of wildlife

e Design flood control facilities to be compatible with beaver populations
e Develop a beaver management protocol

e Public access needs to be controlled and limited to non-motorized travel in sensitive areas
or during sensitive breeding seasons

e Project activities should result in a net increase in either habitat values or total acreage;
those activities not meeting this criterion must be mitigated

ANTHROPOGENIC ISSUES AND RESOURCES

This portion of the environmental resources report characterizes the features on the El Rio
project area landscape that have been influenced by human activities. In many cases these
features can represent both opportunities and constraints for flood control project planners and
designers. These features include sources of surface water, cultural resource sites from historical
and pre-historical civilizations, hazardous waste sites, solid waste sites, and current land
ownership as it relates to rules and regulations governing potential flood control projects. Each
of these issues becomes important in the analysis of what can be done and where it can be done

in the El Rio project area.

The anthropogenic features of the El Rio project area are described in five sections of Volume II1
of the Environmental Resources Report. Each topical area was reviewed or researched to allow
the preparation of a mapping overlay using GIS layers so that project planning and design, as
well as interested groups and stakeholders, could consider these important resource opportunities

and constraints as they relate to the flood control project goals.
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Open Water

The areas of open water are included in this section of the report because surface water in the
project area is completely dependent on water management for commercial, municipal, and
agricultural purposes. Historical aerial photos and field survey techniques were used to identify
the extent of surface water in the El Rio project area during the winter period (December-
March). Historic photos from wet years that showed high flood flows during the winter were not
evaluated. The analysis determined that over 200 acres of surface water are present in the 17.5-
mile reach of the project area. This surface water is the result of discharges of treated municipal
effluent, agricultural drain waters, unused irrigation canal tailwater, as well as natural

groundwater expression at the downstream end of the project area.

These discharges of surface water support habitat for aquatic plants and animals. The quality of
the surface water is determined by the discharge water source as well as interactions with soil

substrate and biogeochemical processes within the water column.

The analysis of aerial photographs from the last half-century determined that surface water area
in El Rio appears to have increased. There was roughly twice the surface water habitat during the
fall 2002-spring 2003, as compared to the surface water showing on aerial photos from the 1940-
1960 period. Although the sources of the water may have changed from previous times, the
aerial photographs indicate that the amount of open water habitat has not diminished over the last

half century.
Recommendations for open surface water:

e Maintain or increase the amount of surface water available as aquatic habitat

e Restore or maintain adequate water quality for diverse fish and wildlife resources

e Maintain connections between surface water bodies to allow wildlife and fish migration
e Reduce active waterfowl habitat near operating airports

e Maintain continuous flows through the corridor to maintain dissolved oxygen levels

e Avoid stagnation and isolation of surface water

e Develop access for recreational fishing, while acknowledging challenges of health
advisories for consumption of fish from the project area

e Improve water quality to allow removal of health advisories for consumption of fish

e Plan for beaver management and water level manipulation at selected open-water bodies
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Hazardous Materials

The presence of hazardous materials in the project area would limit flood control options for
areas that could be sources of contamination. Various environmental records from federal, state,
county, and local agencies were reviewed by the District to identify whether hazardous material
sites or potential hazardous material sites are located within or adjacent to the El Rio project

area. The sites that are located in or near the project area are listed below.

¢ A hazardous waste generator site is located at the Gila River and the Tuthill Road Bridge.
The type of hazardous material is not listed.

e The Arizona Superfund Program List contains one potential site for management under
the Water Quality Revolving Fund program (WQARF); the site is known as the Middle
Gila site and may be located in or within one mile of the project area. The location
description for the Middle Gila site is not listed and additional research is being done to
identify the location of the site. The status of the site as of April 1997 is listed as
“pending preliminary investigation™.

¢ A leaking aboveground storage tank was identified in the Gila River Floodway between the
Sarival Road and Cotton Lane alignments. The tank owner and leaking substance are
unknown. The leaking substance appears to be oil or diesel fuel. This site has potential
for soil and groundwater contamination.

e A closed solid waste landfill is located at Miller Road and the Gila River. The former
operator is listed as the Town of Buckeye.

e The ADEQ lists eleven hazardous material incident sites that may be located in the
project area. One site, located at the Tuthill Bridge and the Gila River, is definitely in the
project area. The other sites do not have clear location information.

When these types of hazardous material incidents are reported, the ADEQ or the identified

responsible party removes the hazardous materials and mitigates resulting contamination.

If any of the El Rio project alternatives include land near the sites listed above in the summary,
then more research will be conducted to find out information such as the type and extent of
contamination or environmental hazards associated with these sites. Likewise, more research
will be conducted if the District determines that the potential WQARF site, known as the Middle
Gila River site, is within the project area and project alternatives are in the vicinity of this site.
Otherwise, based on a search of the environmental regulatory records, the El Rio team should not
be concerned with other hazardous material sites within or near the project area for planning

purposes at this time.
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As a final point, this report discusses known sites recognized by local, state, and federal
environmental agencies; however, unknown hazardous sites potentially exist anywhere in the
project area. Thus, a Phase I Environmental Site Assessment, which includes site inspections,
will be done by the District for the final selected project alternatives and alignments prior to any

property acquisition and project implementation.

Recommendation for management of hazardous materials:

e Avoid all sites with known history of hazardous materials

e Conduct site assessments to identify problem areas early in the planning process

Solid Waste Sites

Planning for the El Rio project includes consideration of unauthorized present and past solid
waste disposal activity. The effort included compilation of an inventory of solid waste
dumpsites in the El Rio project area. The dumpsites were identified during field reconnaissance.
A GIS-compatible map showing areas of low, medium, and high solid waste densities was

prepared from the inventory. A copy of the map is contained in Appendix D of this report.

Solid Waste appears to be ubiquitous in the El Rio project area. However, significant
concentrations are limited to areas of easy and frequent public access. The areas of significant
solid waste accumulation are west of the north end of the Estrella Parkway bridge crossing of the
Gila River; within an abandoned sand and gravel mine located at the end of Miller Road adjacent
to the Gila River floodway, south of the Town of Buckeye, and along a dirt road on the north
bank of the Gila River between Miller Road and SR 85. An abandoned municipal solid waste
landfill, formerly utilized by the Town of Buckeye, is located at the end of Miller Road. This
landfill 1s considered to be significant because the waste was buried in-place when the facility

was closed in the 1970s. The facility could be susceptible to exhumation by flooding.

Recommendations for solid waste considerations:

e Avoid sites with known history of solid waste disposal
e Remove and relocate solid wastes to legitimate landfill sites
e Conduct site assessments to identify problem areas early in the planning process

e Initiate a public education or enforcement program to eliminate illegal dumping
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Cultural Resources

The El Rio project area contains numerous known significant cultural resources, as well as an
unknown number of potentially significant cultural resources. If a flood control project will
potentially impact any cultural resources, then measures would be taken to record and mitigate
adverse effects to the cultural resources in the area. While well over 100 cultural resource sites
are known to exist, only 10% of the project area has been surveyed. This limited cultural
resources assessment identifies sites that should be protected, and also identifies numerous

options for education, visitation and recreation as a means to achieve this protection.

Cultural resources recommendations:

e Avoid known cultural sites wherever possible
e Survey all potential disturbance areas for cultural resources
e Mitigate cultural resources where necessary

o Establish an interpretive center for educational purposes to show the rich cultural history
of the area

Opportunities and Constraints

Certain types of land use and development may be constrained by the management goals of
public agencies. Use and development of land within the project area for the purposes of the El
Rio project will require coordination with these public agencies and private owners. It may be
difficult to prevent certain uses and development on private land without the cooperation of the

landowners and the assistance of county and municipal planning and zoning authorities.

Opportunities to implement components of the El Rio project may exist where the development
goals of the project can be matched with those of the landowners. To the extent that the plans
and development of the El Rio project can be successfully matched with existing conditions or
plans of owners of public and private land in the project area, opportunities for environmental

development or enhancement will be realized.

Recommendations for project implementation:

e Detailed recommendations from landowners and agencies that would apply to specific
parcels are included in technical sections to this report
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‘ e Structural controls should be kept to a minimum and used only if non-structural controls
are not an option

e Provide increased law enforcement presence if public access in increased

e The floodplain should be protected from encroachment from non-compatible uses

Environmental Aspects of the Five Objectives of El Rio Vision
The five objectives from the 1999 El Rio Vision are shown below. To aid in moving forward
with the identification, evaluation, and implementation of alternatives for the El Rio Watercourse

Master Plan, the goals for each of these five objectives are presented. These goals will become

the specific environmental line items used in a matrix methodology to compare alternatives, as
they are developed to achieve the El Rio project objectives. How each of these environmental
aspects and goals will be advanced is the task of the next phase of the El Rio project: formulation

and evaluation of alternatives for the El Rio WCMP.

1. Restore And Maintain The Natural Functions Within The River Corridor (As A) Riparian
Habitat ‘
. o Create diversity of vegetation i

e Restore disturbed areas |
e Control undesirable activities

e Incorporate sand and gravel operations

e Attain higher habitat value

e Reintroduce historic landscape character to the river

e Incorporate sediment transport and sand and gravel activity to maintain restoration
e Identify a reference reach within the corridor

o Identify potential demonstration projects

e Coordinate with Tres Rios and Agua Fria Watercourse Master Plan projects

o Consider aviation impacts to the Goodyear Airport

e Convey flood flows

e Provide open flow throughout the reach

2. Focus On Multi-Use Facilities And Functions

. e Emphasize community needs
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. e Educational-interpretive center
e Nature elements such as trails, bird watching, etc.
e Research site
e Develop compatible activities/policies
e Mixed use residential plan
e Link up with the Estrella Regional Park
e Identify entry points and vista points close to bridges
e Fishing opportunities to be developed
e Improve water quality
e Coordinate plans with transportation corridors |
e Potable water supply
e Riverside scenic drive |
e Integrate local access with regional network |

e River walk

. e Bike paths

3. Maintain Or Enhance Flood Control Elements Or Mitigate
¢ Remove construction from the river
e Consider over-bank storage (off-line basin, lakes, open space)

e Increased capacity by dredging

|
|
\
|
Increase width of river 1
e Minimize structural solutions l
e Protect and/or mitigate existing uses

e Level of protection

e Tributary flows

e Enhance conveyance while also providing flood protection as well as riparian
restoration

4. Focus On Public/Private Partnerships

e Utilize/incorporate sand and gravel activities

‘ ¢ Adopt-a-River program
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‘ e Ducks Unlimited
e  Water brokering (AIC)

e (Concessions

e Developer built features

e Provide incentives to promote participation by development community
e Attract grant funding

e Educational /research partners

e Offsite mitigation

e Sustainability

e (anal water features

5. Link Functional Compatibility Outside The Riparian Habitat Limits

e Make canals/washes a linkage with developments
e Link Estrella Parkway with River corridor
‘ e Loop 303 as access; strategy component
e Help development focus towards the river
e Collaborate with adjacent communities’ land use plans
e Consider law and order, security, crime control by local jurisdictions
e Develop management framework for the project, implementation and maintenance
e How to integrate/manage the planning/implementation/maintenance
e Consider special districts
e (Consider marketing plan

e Consider financial plan

Many of the goals above have significant environmental aspects. As each alternative technology
or management approach is developed and evaluated for application in the El Rio Watercourse
Master Plan, these goals can be rated. In a qualitative sense, the proposed project components
will have either a beneficial, detrimental, or neutral affect on the ecosystems and functions of the
riparian systems along the El Rio project area. In a quantitative sense, each proposed project

‘ component could have either a strong, light, or moderate level of affect. There are going to be
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cases where project components can have both positive and negative affects at different times, at
different places, and on different resources. It is anticipated that a mitigation plan for balancing
of project affects will be derived to generate a net positive affect on all resource values within

the project area.

Recommendations of Environmental Resources Team

The recommendations for each of the individual disciplines are restated here to allow use in the

development and evaluation of alternatives to implement the El Rio WCMP.

Surface Water Quantity Recommendations
e Surface water flows are adequate to restore and sustain diverse riparian communities

e Maintenance of surface water flows will be required to sustain desirable riparian
communities

e Groundwater is currently shallow enough to allow economical pole planting techniques

e Stormwater runoff is not adequate, by itself, to allow sustainable riparian communities in
the project area, and irrigation would be required outside of the shallow groundwater
areas

Surface Water Quality Recommendations

o Water quality concerns are based on levels of pathogens, trace metals, pesticides,
nutrients, and organic compounds

e Due to the nature of effluent dominated waters, full-body contact recreation or potable
water uses are not advisable

¢ Consumption of aquatic fish and wildlife is not advisable at this time

e Development of recreational opportunities that encourage consumption of fish is not
advisable

e Movement of water through the system is recommended to maintain dissolved oxygen
and to prevent stagnation

e Dissolved solids levels will require occasional flushing or leaching of soils to prevent salt
buildup

Wetland Community Recommendations

e Protect highest quality habitat types such as wetland marsh, cottonwood, willow, and
other plant communities dominated by native species
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Restore and enhance higher quality habitat types such as native cottonwood and willow,
through conversion of poor quality types such as salt cedar, where conditions are
favorable

Remove exotic species, replacing them with open water, wetland marsh, and native
riparian in areas where conditions are favorable

Enhance and upgrade lower quality upland habitat types where soil and water quality
allow

Soil Recommendations

Conduct agronomic testing on soils at proposed sites for active restoration of native
vegetation

Identify soil conditions that pose limitations for project facilities using site assessments

Consider leachability of contaminants for soils in areas that may be developed as
permanent open water areas.

Consider soil banking or stockpiling from sand and gravel operations to provide high
quality sources of fine materials for restoration and mitigation

Vector Control Recommendations

Nuisance and vector species exist, sometimes in high numbers, and will require control
Locate, design, and manage facilities with consideration of vectors

Encourage biological control of vectors by optimizing conditions such as water depths
and water levels for natural predators

Larvicides and pesticides may be required elements of integrated management plans

Vegetation Community Recommendations

The salt cedar/cottonwood/willow community presents the best opportunity for
enhancement

Restoration and enhancement projects must be self-sustaining

Preserve the existing marsh habitat wherever possible

Increase marsh habitat wherever possible

Protect or enhance existing habitat types with willow as a component

Increase all habitat types with cottonwood or willow as a component

Reduce or eliminate salt cedar habitat in favor of all habitat types except cobble / strand

Evaluate replacement of monotypic salt cedar habitat with native mesquite bosque
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‘ Recommendations for Endangered Species and Unique Wildlife Habitat

e Surveys for Yuma clapper rail, southwestern willow flycatcher, and yellow billed cuckoo
should be conducted in areas of suitable habitat that may be impacted by project activity

e Restore or enhance all marsh habitat types to benefit the Yuma clapper rail

e Protect and enhance dense stands of vegetation along water where possible to benefit
southwestern willow flycatcher

e Protect and enhance mature cottonwood and willow habitat type to benefit yellow billed
cuckoo

e Temporal losses of habitat need to be considered when removing large expanses of any
plant community

e Avoid the two known heron rookeries
e Avoid the known egret roosts
e Protect and avoid known nesting locations for all protected species

e Overspray from insecticide spraying in the agricultural areas should be kept away from
the riparian areas of the river corridor

e Create or enhance suitable habitat types for protected species wherever possible

‘ e Remove or reduce exotic species where encroachment into suitable habitat lessens its
habitat value to protected species of wildlife

e Design flood control facilities to be compatible with beaver populations
e Develop a beaver management protocol

e Public access needs to be controlled and limited to non-motorized travel in sensitive areas
or during sensitive breeding seasons

e Project activities should result in a net increase in either habitat values or total acreage;
those activities not meeting this criterion must be mitigated

Recommendations for Open Surface Water Habitat
e Maintain or increase the amount of surface water available as aquatic habitat
¢ Restore or maintain adequate water quality for diverse fish and wildlife resources
e Reduce active waterfowl] habitat near operating airports
e Maintain connections between surface water bodies to allow wildlife and fish migration
e Maintain continuous flows through the corridor to maintain dissolved oxygen levels
e Avoid stagnation and isolation of surface water

e Develop access for recreational fishing, while acknowledging challenges of health
. advisories for consumption of fish from the project area
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‘ e Improve water quality to allow removal of health advisories for consumption of fish

e Plan for beaver management and water level manipulation at selected open-water bodies

Recommendation for Management of Hazardous Material Sites
e Avoid all sites with known history of hazardous materials

¢ Conduct site assessments to identify problem areas early in the planning process

Recommendations for solid waste considerations:
e Avoid sites with known history of solid waste disposal
e Remove and relocate solid wastes to legitimate landfill sites
e Conduct site assessments to identify problem areas early in the planning process

¢ Initiate a public education or enforcement program to eliminate illegal dumping

Recommendations for Cultural Resources
e Avoid known cultural sites wherever possible
e Survey all potential disturbance areas for cultural resources
. e Mitigate cultural resources where necessary

e Establish an interpretive center for educational purposes to show the rich cultural history
of the area

Recommendations for project implementation:

e Detailed recommendations from landowners and agencies that would apply to specific
parcels are included in technical sections to this report

e Structural controls should be kept to a minimum and used only if non-structural controls
are not an option

e Increase conveyance capacity with vegetation maintenance
e Provide increased law enforcement presence if public access in increased

e The floodplain should be protected from encroachment from non-compatible uses

Concluding Statement of the Environmental Resources Report

The El Rio project area presents an unequalled opportunity for protection, enhancement, and
restoration of valuable natural riparian habitat along the Gila River. This opportunity for
optimizing multiple uses of the river can be balanced with the need for improved flood

‘ conveyance. The timing for the next flood is unknown, but based on a century of records there is
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an average of one significant flood each decade. It is unlikely that full implementation of the El
Rio Watercourse Master Plan can be completed in time to handle the next significant flood event.
However, the choices of rebuilding after the next flood event can be guided by the technical
recommendations in this report, and the specific goals to be developed in the next phase of El

Rio master planning.

The opportunity presented by the development of the El Rio Watercourse Master Plan also
comes at a crossroads in time for vegetation and wildlife in the area. The encroachment of salt
cedar into upstream riparian areas of the El Rio project area continues. This encroachment
displaces and replaces native cottonwood and willow stands to the detriment of native plant
species dependent on shallow groundwater, to the detriment of aquatic species dependent on
open water, to the detriment of wildlife species dependent on diverse plant species for food, to
the detriment of landowners dependent on flood control to protect their property from flooding,
to the detriment of water resources in the southwest valley, and to the consternation of flood
control agencies charged with simultaneously optimizing conditions for all of the above. The
time to plan a course of action is before the salt cedar has moved upstream or become so
entrenched that it literally preempts the ability to consider or implement creative alternatives to

radical clearing and channelizing of the floodway.

The goals are clear, the benefits are compelling, and the timing is right for the process of

developing and evaluating alternatives for timely implementation.
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INTRODUCTION

For reporting purposes, environmental resources within the El Rio project area have been divided
into three major areas, which include biological, anthropogenic (human-influenced), and
physical resources.  Each of these major resource areas presents both opportunities and
constraints for development of flood management plans, practices and activities. The
environmental resources report presents the most significant elements of these three major
resource areas so that the development of flood management alternatives can achieve a suitable
balance between what are sometimes seen as competing issues and values. Each of the three
resource reports includes a combination of archival information and field data collected by the

EL Rio team during the fall of 2002 and the spring of 2003.

Significant effort has been made in all three resources areas to allow for qualitative and
quantitative analysis of the key resources. The information presented in the report includes the

following:

e Habitat types and associated acreages

e Acres of surface water

e Current and historical locations and areas of surface water

e Locations of unique wildlife features and valuable habitat

e Locations of problem areas and densities of nuisance species and disease vectors
e Types and location of suitable habitat types for endangered species

e Overview of the known cultural resource sites in the project area

¢ Guidelines for the interpretive development of cultural resources

e Locations of solid waste disposal and hazardous waste sites

o Qualitative description of effluent, discharge, and recharge water sources
e Location of effluent, discharge, and recharge waters

e Locations and types of soils in the project area

e Specific issues related to wetland management

The inventory of environmental resources has identified a mix of valuable habitat types and

components. The inventory has also identified that use of these valuable resources may not be
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optimized in some locations. Some resource uses may be in contradiction and conflict with each
other. The environmental resources report provides the basis for developing flood management

approaches that can minimize resource conflicts and that will optimize resource opportunities.

ENVIRONMENTAL RESOURCES REPORT ORGANIZATION

The environmental resources report is a compilation of an executive summary and three
technical sections. The executive summary provides project background and reiterates important
technical findings. Each technical section presents information on a different type of resource.
The report sections are: physical and wetland resources, biological resources, and anthropogenic

iSSUGS and resources.

The first section of the report is a presentation of the physical resources including water quantity,
water quality, soils, and wetland management issues and opportunities in the project area. Also
included in this section is a presentation of vector issues that need to be addressed in

development of management alternatives and approaches

The second section is a presentation of inventory information on the natural biological resources
of the El Rio project area. This biological inventory is presented in a narrative format, with
supporting photographic record. The annotated photographs are to present a visual record of the
vegetation types found in the project area surveys conduced in the fall of 2002 and spring of
2003. Particular emphasis is given to habitat considerations for special status, threatened, and
endangered species in the area. The section includes an analysis of opportunity areas for

preserving or enhancing the important biological habitat values of the El Rio project area.

The third section of the report is a presentation of resource issues that reflect human influence on
the El Rio project area. The section presents the current and historical location and extent of
surface water in the river, the locations of effluent and irrigation return water discharge points,
the locations of solid and hazardous waste disposal sites, and locations of historic and prehistoric
cultural resource sites. The section concludes with an analysis of how land ownership affects the
applicability of environmental regulations, and how these regulations may affect the

opportunities and constraints to alternatives for El Rio project area management.
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. INTRODUCTION

This volume contains five chapters which discuss the water quantity, water quality,
vegetation, soil type, and vector and nuisance insects in the El Rio Project area. Each
chapter can be read as an independent document on the subject, however reading the
entire volume provides a more complete picture of the physical resources in the project
area. The objective this volume is to provide background conditions and discuss potential
opportunities of the El Rio Project. The information will be significant in the next phase
of the project as alternatives for the El Rio Project area are developed.
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El Rio Watercourse Master Plan and Area Drainage Master Plan

Investigations and Development of Existing Conditions Model
Environmental Issues

WASS Gerke and Associates, Inc.

SURFACE WATER QUALITY

CHAPTER 1

BACKGROUND

Located within the 12,249 square mile (11% of Arizona’s land area) Middle Gila
Watershed, the surface water quality of the El Rio reach of the Gila River 1s influenced
by surface water inputs and groundwater interactions (ADEQ, 2002). The El Rio project
focuses on a reach of the Gila River bounded on the upstream by its confluence with the
Agua Fria River and on the downstream by the SR 85 Bridge. = This report focuses
primarily upon the quality of surface water inputs to the system which are influenced by

both natural processes and anthropogenic activities.

One example of natural processes affecting the water quality is the naturally occurring
salt springs and mineral deposits within the watershed contribute to high salinity (as total
dissolved solids (TDS)) measurements recorded immediately downstream of the El Rio
reach. This condition is further exacerbated by the low rainfall and high evaporation

rates characteristic of the project area.

Over 60% of the population of Arizona lives within the contributing watershed and their
activities also have some effect on water quality within the El Rio project area (ADEQ,
2002).  Constituents in discharges from municipal wastewater treatment plants,
agricultural operations, developed lands, and in stormwater runoff may include a range of

contaminants from inorganic trace elements to organic compounds.
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Sometimes human activities magnify the impact of the naturally occurring contaminants
on water quality. Consider the naturally occurring salt sources within the watershed, the
use of water softeners, and wastewater treatment processes add to and concentrate
respectively, salts in water discharged to the Project reach. Human activities and natural
processes occurring within the watershed impact the characteristic the surface water
quality in the El Rio project area through the introduction of contaminants, their

subsequent concentration, and the lack of surface flows.

The Arizona Department of Environmental Quality (ADEQ) 2002 Assessment and
Planning List encompasses the El Rio Project with two segments of the Gila River, Agua
Fria River — Waterman Wash (AZ15070101-014) and Waterman Wash — Hassayampa
River (AZ15070101-010). Designated Uses for both segments are identical and include:
aquatic life and wildlife effluent dependent water (A&Wedw), partial body contact
recreation (PBC), fish consumption (FC), agricultural irrigation (Agl), and agricultural
livestock watering (AgL). As of 2002, attainment of those Designated Uses is considered
“inconclusive” because of “Missing Core Parameters” and a lack of current water
chemistry monitoring data. Both segments have been under a fish consumption advisory
for DDT, toxaphene, dieldrin, and chlordane (ADEQ, 2002). The fish advisory was
based on a 1985 report that described the organochorine pesticide levels as significant

treat to fish, wildlife, and human health. (USFWS, 1997)

There are several key parameters that define the quality of a river system for the
sustainability of native vegetation, protection of wildlife, and water resources. As
previously stated, contaminants of surface water include naturally occurring and artificial
substances introduced into the system by a variety of means. The contaminants most

prevalent in the El Rio reach of Gila River can be categorized into the following groups:

e Dissolved Oxygen

o pH

e Electrical Conductivity/Salinity/TDS
e Nautrients (Nitrogen & Phosphorous)

e Trace Elements and Heavy Metals
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e Pesticides

e Suspended Solids

Dissolved oxygen (DO) is necessary for many aquatic organisms including fish and
macroinvertebrates to survive. Discharges of organic compounds (often measured as
biological oxygen demand (BOD)) can lower dissolved oxygen levels to the extent that
fish kills can occur. As an example, such discharges can occur into the El Rio reach from
poorly treated wastewater, stormwater runoff, or unintentional discharges from animal
feeding operations. Nutrient inputs from nonpoint sources such as septic tanks and
agricultural runoff within the contributing watershed can contribute to algal blooms in
existing aquatic areas. At night such blooms can depress DO concentrations via
respiration to levels that are harmful to aquatic life. Finally, DO is important from the
standpoint of quality of life in that as a rule of thumb, waters with higher DO levels are

often less suitable for mosquito breeding.

The acidity of water is often measured and expressed as pH. A pH of 7.0 is considered
neutral while a pH of 1 is very acidic and 14 is strongly alkaline. Nutrient availability for
plant species and the mobility of select heavy-metals depend upon this parameter. In
addition to the water “hardness”, the solubility of metals is also largely controlled by pH.
Generally, acidic water is able to dissolve far greater concentrations of metals than
neutral water. In wetlands, however, circumneutral pH and the presence of low redox
zones favor metal immobilization in wetlands. In this process metals entering wetlahds
precipitate with metal sulfides and the bound metals will be immobilized in the wetland

substrate.

Salinity which is often reported as electrical conductivity (EC) or as total dissolved solids
(TDS) is important with respect to both the survival of aquatic organisms and the fitness
of vegetation. Salinity levels ultimately dictate the species of invertebrates and fish based
upon their salt tolerance. A suite of ions contribute to the overall salinity and may
include sulfate, chloride, fluoride, and many trace elements including boron. Boron,
which 1is toxic to plants, and several other ions are found naturally within the Salt River,

an important tributary to the El Rio. Wastewater treatment practices and runoff from
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agricultural fields that receive wastewater or biosolids are other sources of boron. In
general, as salinity increases, one can expect a reduction in the size, number, and
diversity of plants, aquatic invertebrates, and fish that can be established and sustained in

a given area.

Nutrients, such as nitrogen and phosphorous, influence the character and overall fitness
of aquatic resources. Ammonia, a nitrogen based compound, can be toxic to fish, while
elevated nitrate-nitrogen and phosphorous concentrations can cause algal blooms and
alter water quality. Excess nitrate (> 10 mg/L) is also harmful to human health because it

can cause methanoglobinemia.

Trace elements and heavy-metals are another water quality concern for both plants and
animals. While some elements boron (B), copper (Cu), iron (Fe), and zinc (Zn) in small
concentrations are essential for plant growth, excessive concentrations of most trace
elements might have toxic effects on plants. Bioaccumulation and biomagnification
processes result in even low concentrations of certain heavy-metals such as Cu, becoming
toxic to wildlife over time. As evidence of these phenomena, detectable concentrations
of 11 potentially toxic heavy metals were detected in fish samples collected in the

vicinity of the El Rio Project area (USFWS, 1997).

Pesticide use in the 25,000 square mile Gila watershed introduces another water quality
issue for the El Rio Project area. Such use has been sustained and is marked by several
pivotal events including the Pink Bollworm eradication program of the late 1950°s and
early 1960’s. In the project reach 4 organochlorine pesticides (DDE, DDT, dieldrin, and

chlordane) have historically been recorded at concentrations exceeding levels of concern.

Suspended solids are also a concern in the El Rio project area with respect to the physical
and chemical properties. Physically, deposition of solids on the soil surfaces can clog the
soil, thus reducing water infiltration and soil aeration. If the solids are organic
compounds, their decomposition produces an oxygen sink which could hinder the
movement of oxygen from the atmosphere to the root zone. Chemically, many important

contaminants, such as heavy metals and pesticides, are associated with particulates
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because they attach of bind to the particulate. Particulates are transported to the river via

stormwater runoff, agricultural tailwater discharges, and in municipal wastewater.

In summary, the general water quality in the El Rio Project reach of Gila River is poor in
comparison to other regional water supplies for several reasons including salinity,
nitrogen, heavy-metals, pesticides, and organic compounds. The salinity of surface and
groundwater in the El Rio project reach is three to nine time higher than in Central
Arizona Project (CAP) water and surface waters in the Salt, Verde, and Agua Fria Rivers.
Nitrate levels often exceed the Environmental Protection Agency (EPA) maximum
contamination limits (MCL) for drinking water of 10 mg/L which can also increase the
rate of eutrophication in existing or proposed aquatic resources. The Arizona Department
of Environmental Quality (ADEQ) has compiled information on previous investigations
in the lower/middle Gila River from the 1960’s through present time that point to five
chemicals of concern: chlordane, DDT, dieldrin, toxaphene, and methylmercury. A
summary of water quality at Gillespie Dam, which is located downstream about 20 miles

from the project area, (eight events between 1995 and 1998), 1s shown in the Table 1.
Table 1

Gila River Water Quality at Gillespie Dam

Constituent Average Level

TDS (mg/L) 2,396
Calcium (mg/L) 160
Magnesium (mg/L) 72
Sodium (mg/L) 590
Alkalinity (mg/L as CaCOs) 242
Sulfate (mg/L) 524
Chloride (mg/L) 871
Fluoride (mg/L) 2
Nitrate (mg/L as N) 9
pH 8

Source: Maricopa Water District Files. (MAG, 2002)
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The remainder of this report will delineate the available water quality data and
‘ characterize the quality of water from each of the sources into the project area.
Characterization will be based on actual data when available; in the absence of site

specific data, literature values will be reported.

SAMPLING LOCATIONS

The surface water quality sampling locations that are represented in the GIS surface
water sources layer are listed in Table 2 (Appendix A). In most cases the data reported
include the parameters listed below and collection efforts span the time period 1992

through 2000.

Sampling Parameters

e Dissolved Oxygen e Thallium, Total
e TDS e Chloroform
e Nitrate e Lindane
. e Nitrate and nitrite e DDT
e Beryllium, Total and Dissolved e DDD
e Bromide, Total and Dissolved e DDE
e Copper, Total and Dissolved e Di-bromide
e (Cyanide e Dieldrin
e Mercury, Total e Toxaphene

e Seclenium, Total
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Table 2

Water Quality Sampling Locations

Location Type of Water
Buckeye WWTP Wastewater effluent
Estrella WWTP Wastewater effluent
Salt Gila up from Buckeye Canal Stream flow
Goodyear WWTP Wastewater effluent
St. John’s canal discharge Agricultural return
Avondale WWTP Wastewater effluent

Lockeed Martin Discharge

Industrial effluent

Drainage ditch 0.1 miles west of El Mirage Road

Agricultural return

El Mirage Road north bank Stormwater
El Mirage Road south bank Stormwater
Gila River and Salt River at 115" Avenue Stream flow
115™ Avenue Bridge NE Stormwater
Salt River at 107" Avenue Stream flow
Salt River % mile south of 91°" Avenue discharge Stream flow

Tolleson WWTP

Wastewater effluent

Discharge from gravel mine, south of Salt River near
85" to 91% Avenue

Industrial discharge

SRP canal west of 75" Avenue

Agricultural return

¥ mile east of 147" Avenue Bridge

Stormwater

Gila River upstream of confluence with Salt River

Stream flow/Stormwater

Salt River upstream of confluence with Gila River

Stream flow/Stormwater

67™ Avenue bridee northwest corner
t=)

Stormwater

Maricopa drain at lateral 14 on Western Canal

Agricultural return

Laveen drain at Deadhorse Ditch

Agricultural return

15, mile east of 115" Avenue Crossing

Stormwater

Buckeye feeder canal and Lennox drain at head

Stormwater

The locations of fish captures for tissue analysis are depicted in Appendix B. Fish tissue
analysis indicated a significant presence of organochlorides and metals, however
decreases were detected between the 1985 and 1994-1995 sampling events. For example,
geometric mean DDE levels in whole body fish analysis decreased significantly, 2.65
ug/g to 1.29 pg/g, between the 1985 and 1994-1995 sampling events.  Carp samples

indicated one-tenth the residual level of DDT, from 1985 to 1994-1995.
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Metals analysis indicated the presence of 15 metals potentially toxic to fish. Arsenic
levels (geometric mean = 0.4 mg/g) did not show a significant change from 1985 to 1994-
1995. Copper analysis indicates steady or increasing levels in fish samples between the
two events. Selenium concentrations in carp collected in 1994-95 (1.87 pg/g dry weight)

were similar (P=0.1915) to those in carp collected in 1985 (1.60 png/g).

SOURCE WATER CHARACTERIZATION

Potential sources of surface water supply to the El Rio project area include the following:

e Treated wastewater effluents
e Agricultural return-flows
e Stormwater run-off

e Industrial and Animal Feed Operations

Treated Wastewater Effluents
A primary source of surface water in the El Rio project area is effluent from regional
wastewater treatment plants (WWTP). Five regional plants currently have permits to

discharge to the Gila River or its tributaries. These include:

e City of Phoenix 91* Avenue WWTP

e (City of Avondale WWTP

e City of Goodyear 157" Avenue WWTP
e (Goodyear Estrella WWTP

e Town of Buckeye WWTP

e Cityof Tolleson WWTP
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Wastewater effluent quality depends on the treatment process; however, discharge
‘ permits establish maximum levels allowable for each facility. The NPDES permit for the
91* Avenue WWTP limited the levels for carbonaceous biochemical oxygen demand
(cBOD), suspended solids, fecal coliforms, settleable solids, and chlorine residual. In
addition levels of trace metals such as cadmium, copper, lead, selenium, silver, cyanide,
and zinc; and organics such as Di (2-ethylhexyl) phthalate, heptachlor-epoxide, and
hexachlorocyclo-hexane gamma (Lindane) are also limited. As an example, the average
discharge concentrations for parameters measured in the 91% Avenue WWTP discharge

are provided in Table 3.

Table 3

91 Avenue Wastewater Treatment Plant

Effluent Quality

Parameter (units) Average
Dissolved Oxygen (mg/L) 3.5
pH 6.8
COD (mg/L) 27

. Nitrate (mg/L as N) 4

Nitrite (mg/L as N) 0.2
Phosphorus (mg/L) 2.7
TSS (mg/L) 34
Chloride (mg/L) 300
Arsenic (mg/L) 0.004
Boron (mg/L) 0.6
Cadmium (mg/L) <0.002
Chromium (mg/L) < 0.005
Copper (mg/L) <0.01
Iron (mg/L) 0.2
Lead (mg/L) <0.02
Mercury (mg/L) <0.0002
Nickel (mg/L) <0.02
Selenium (mg/L) 0.002
Silver (mg/L) <0.001
Zinc (mg/L) <0.6
E. Coli (MPN/100 mL) <1
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Dissolved oxygen, pH, and conductivity results are based on twice weekly sampling in
2001 and 2002. The remaining of the water quality results are based on monthly
sampling efforts conducted during 2001 and 2002. Metals results are based on three

sampling events in 2001.

Similar information is available in the GIS data base (WWTP and NPDES layers) for the
existing wastewater treatment facilities located in Avondale, Goodyear, and Buckeye.
Currently all of Tolleson WWTP effluent is piped directly to Palo Verde Nuclear Power
Plant for reuse as cooling water. The Gila River Indian Community is primarily served
by septic systems and due to the shallow groundwater table in this region, septic system
malfunctioning can add to nutrient and pathogens in the shallow groundwater aquifer an

ultimately contribute to water quality in the El Rio reach.
Agricultural Return-Flows and Dewatering Discharges

Historic agricultural use of the Lower Gila River Valley included extensive use of
pesticides beginning in the 1950. From May 15" through July 19" of 1958 alone, the
Pink Bollworm Eradication Program treated 65,000 acres of cotton with 500,000 pounds
of DDT. Overall, between 1958 and 1960, 33,000 acres of the Buckeye-Avondale area
were treated with 1.7 million pounds of DDT. Similar efforts have been undertaken in
other agricultural areas of the Middle Gila Watershed and all have contributed to the
pesticide contamination of the EL Rio reach of the Gila River through regional storm
events and releases from upstream dams. Agricultural return flow drainage pipes and
canals have carried much of that into the Gila River. In 1970 the Gila River was
documented as one of the most DDT-burdened stream of 20 sampled in the western

United States. (USFWS, 1997)

Today the primary agricultural non-point source pollution (NPS) pollutants are nutrients,
sediments, animal wastes, salts, and pesticides. Nitrogen and phosphorus are the primary
nutrients of concern; however, fertilizers often also contain potassium (K) and secondary
nutrients. Commercial fertilizers contain trace metals as micronutrients to support crop
growth, and municipal wastewater sludge applied as fertilizer often contain metals

removed during the treatment process. Selenium is a natural element in soils, but in
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aquatic environments it enters the food chain, bioaccumulates and becomes toxic to

higher organisms.

Municipal wastewater sludge also can contain bacteria and viruses that are human and
wildlife pathogens. In Arizona, non-edible crops such as alfalfa, cotton, and wheat are
grown with Class B biosolids, which have not been heat treated to kill pathogens.
Biosolids applied to edible crops must be Class A biosolids, which are pathogen-free.
Many of the agricultural fields on the northern banks of the project reach use biosolids as
fertilizer. Run-off and return flows from field treated with Class B biosolids may have

pathogens.

Groundwater from the shallow aquifer is pumped into agricultural canals and
periodically discharged into the Gila River. Groundwater quality information is available
for wells in the Buckeye Water Conservation and Drainage District (BWCDD). Table 4

contains the results of 27 wells sampled in the summer of 2000.

Groundwater samples indicate high levels of nitrate and total dissolved solids
(TDS). Nitrate is typical of groundwater percolating through agricultural field with
applied fertilizers. TDS levels are increasing in the valley as evaporation and

evapotranspiration, condense the salts and minerals in the water.

Table 4

BWCDD Well Water Quality
Results of 27 wells sampled in 2000

Parameter (units) Average Max Min
Alkalinity (mg/L as CaCos) 270 410 153
Arsenic (mg/L) 0.009 0.016 0.005
Barium (mg/L) 0.03 0.11 0.013
Cadmium (mg/L) <0.002 | <0.002 <0.002
Calcium (mg/L) 267 438 187
Chloride (mg/L) 1105 1780 714
Chromium (mg/L) < 0.01 0.01 < 0.01
Copper (mg/L) 0.02 0.05 0.01
Cyanide (mg/L) <0.01 <0.01 <0.01
Fluoride (mg/L) 3.0 6.8 0.3
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Parameter (units) Average Max Min
Iron (mg/L) 0.19 2.3 0.07
Lead (mg/L) <0.005 |<0.005 <0.005
Magnesium (mg/L) 106 180 54
Manganese (mg/L) <0.01 0.05 <0.01
Mercury (mg/L) <0.005 <0.005 < 0.005
Nitrate (mg/L) 21.3 34.4 11
Nitrite (mg/L) <0.01 <0.01 <0.01
pH 7.4 7.7 7.0
Selenium (mg/L) 0.004 0.013 0.002
Silver (mg/L) <0.002 <0.002 <0.002
Sodium (mg/L) 862 1108 592
Sulfur (mg/L) 910 2110 718
Total Dissolved Solids (mg/L) 3446 4200 2160
Total Hardness (mg/L as CaCOs) 993 1640 690
Zinc (mg/L) <0.01 <0.01 <0.01

Stormwater and Stream flow

The quality of stormwater runoff is a factor of the land use, frequency and intensity of the
storm event occurring within the contributing watershed. In the late 1980°s and early
1990’s, the USGS and the Flood Control District of Maricopa County (FCDMC)
conducted a study to characterize the water quality from mean-events in several land use

types in Maricopa County.

In general, stormwater and stream flow typically have neutral pH with values between
6.3 and 9.0. Stormwater alkalinity ranges from 10 to 150 mg/L as CaCOj; while stream
flow has higher alkalinity of 10 to 228 mg/L as CaCOs. Dissolved oxygen levels for both
tend to be high; with levels from 3.8 to 10.2 mg/L.

At times, urban runoff in the valley can be black in color from oil, grease, particulates
from ground-up tires, and other sources. Urban stormwater typically has less dissolved
solids than other water sources. However, stormwater contains significant levels of
oxygen demanding substances measured as COD and BOD, oil, grease, and fecal
coliform bacteria. Undeveloped, but disturbed lands, like much of the region surrounding
the El Rio Project area, can produce the largest suspended solids concentrations. Table 5

lists the mean-event concentrations, based on sampling events in Maricopa County
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Table 5

Stormwater Quality
Mean-Event Constituent Concentration
Maricopa County, Arizona

|

| Parameter (units) Mean —Event Concentration

| COD (mg/L) 239
BOD (mg/L) 109
Suspended Solids (mg./L) 227
Dissolved Solids (mg/L) 102
Nitrogen (mg/L as N) 3.26
Phosphorus (mg/L) 0.41
Cadmium (mg/L) 0.99
Copper (mg/L) 47.0
Lead (mg/L) 71.6
Zinc (mg/L) 204
Fecal coliform (colonies / 100 mL) 44,400
Fecal streptococci (colonies / 100 mL) 17,400

(USGS, 1995)

' Concentrated Animal Feeding Operations (CAFO)

The EPA defines animal feeding operations that have the potential to discharge pollutants
into surface water as a CAFO. Typical pollutants from CAFOs include nitrogen,

nutrients, and pathogens.

The EPA recognizes four dairies, an animal feedlot, and an equestrian center as CAFOs

located in the vicinity of the El Rio project area.

e Bales Feedyard — Beef cattle feedlot
e Butler Dairy — Dairy farm

e Lueck Dairies — Dairy farm

e Rainbow Dairy — Dairy farm

e Van Leeu Wen Dairy — Dairy farm

e Equestrian Center
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Surface run-off and percolation through CAFO waste storage basins into the shallow
groundwater are potential source of contaminants into the Gila River. Animal wastes test
high in biological oxygen demand (BOD) and often contain pathogens that threaten
human health. Two common pathogens found in polluted water are Giardia and
Cryptosporidium. Microfiltration and chlorination are the only two acceptable methods
from eliminating the risk of these parasitic pathogens in waters potentially impacted by

CAFOs.

Industrial Waste Flows

Industrial waste flows can be high in salinity especially those discharged from industrial
cooling towers because of the evaporative concentration of the ions. The project area 1s
not known to have a significant industrial component discharging to the surface waters or
shallow aquifer. The one main industry in the region is Lockheed Martin, located at
Litchfield Road, north of the Gila River. The facility operates an industrial wastewater
treatment facility, with a NPDES permit for discharge. NPDES discharge data from EPA
is contained in the water quality WWTP NPDES GIS layer.

WATER QUALITY IMPROVEMENT USING CONSTRUCTED WETLANDS

Rivers and riparian corridors contain sensitive organisms that are easily impacted from
contaminants. However, the chemistry and microorganism of wetlands are excellent
environments for many water purification processes. Beavers have been credited as the
first water quality engineers for improvements resulting from beaver dams. The dams
impound water creating a wetland environment, which in turn provides a setting for the
physical, chemical, and biological treatment of water. Constructed wetlands can be built
in the project reach for habitat and source treatment for polishing agricultural return
flows, dewatering flows, wastewater effluents, and stormwater flows after a thorough
water quality characterization of a proposed water source has been conducted. Such a
characterization is needed in order to identify the specific pollutants the wetland would
be designed to attenuate, sequester, and/or remove and to assess the potential of creating

a hazard if toxic compounds are identified in the source water.
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Wetland Processes That Alter Water Quality

Wetlands can be defined as “land where the water surface is near the ground surface for
long enough each year to maintain saturated conditions.” Free-water-surface (FWS)
constructed wetlands are systems designed to maintain water surface above the ground
surface. (Reed, 1995) FWS constructed wetlands produce a range of effluent qualities,
depending on the influent characteristics, constituent operational loading rates, climate,
and aerial extent of the system. When designed and operated properly, constructed
treatment wetlands have performed within predictable ranges of effluent values and meet
their permit limitations. Wetlands accomplish this through a combination of physical,

chemical and biological mechanisms.

Physical mechanisms that influence the water quality from a wetland include gas transfer,
sedimentation, adsorption/desorption, filtration impaction, flocculation, photochemical
reactions, and volatilization. Gas transfers involve the movement of gases such as Oy,
N,, CH., and sulfides across the air-water interface and to and from the bottom
sediments. Sedimentation is an extremely important pollutant removal mechanism
because many constituents, such as heavy metals are often associated with the particulate
phase. In treatment wetlands sedimentation is also a primary removal mechanism for
BOD, TSS, and heavy metals, while it provides a secondary mechanism for the removal
of nitrogen and phosphorous. Adsorption and desorption can affect the parameters BOD,
TSS, bacteria and viruses, and heavy metals either by increasing (desorption) or
decreasing (adsorption) their concentrations in the water column. Filtration/Impaction
refers to particulates being filtered mechanically as the water passes through substrates
and plant materials, which contributes to the reduction of BOD, TSS and heavy metals
(Stowell et al, 1980). Flocculation precedes and can enhance sedimentation thereby
assisting in the removal of BOD, TSS, bacteria, and viruses. Photochemical reactions
facilitate the degradation of organic compounds and contribute to bacteria and virus
reduction. Volatilization is a physical mechanism that can contribute to the removal of

ammonium and other pollutants with low partial pressures.
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Figure 1. Treatment Wetland compartments that work together to alter water quality.

The previously mentioned physical mechanisms work in concert with the chemical
processes in a wetland to further alter wetland water quality. The chemical mechanisms
at work in a wetland include chemical adsorption, chelation, oxidation/reduction
reactions, and chemical precipitation. Chemical adsorption onto surfaces within wetlands
can result in water column reductions of phosphorous, bacteria and viruses, and heavy
metals. Chelation reactions also affect phosphorous concentrations, but are a primary
mechanism for heavy metal removal. Chemical oxidation/reduction (redox) reactions are
a primary removal mechanism for BOD and heavy metals, and can also have an affect on
TSS. Certain heavy metals can be bound as metal sulfides under appropriate redox
conditions. If reducing conditions are maintained, these compounds can become buried
and essentially immobile (USEPA ETI, 2000). Chemical precipitation reactions can be a

primary removal mechanism for phosphorous.

The biological processes of wetland also influence water quality. Important biological
mechanisms include algal synthesis, assimilation into higher plants, bacterial metabolism,

and predation. Algal synthesis or incorporation of nutrients into cell tissue can nfluence
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nutrient concentration in the water column. If these algal cells are allowed to exit the
wetland system, they will export nutrients and show up analytically as TSS.
Assimilation, or the uptake and metabolism by plants can increase or decrease BOD,
TSS, nutrients, dissolved oxygen, bacteria and viruses, and heavy metals depending on
the lifecycle stage of the vegetation. Bacterial metabolism, both aerobic and anaerobic
can have a profound effect on wetland water quality. Aerobic bacteria are responsible for
nitrifying ammonia species to nitrite and nitrate, while anaerobic bacteria convert nitrate
to dinitrogen (N,) gas. Aerobic bacteria also reduce BOD and TSS concentrations.
Aerobic bacteria may also depress dissolved oxygen concentration due to the use of O, in
bacterially mediated reactions. Phosphorous concentrations are influenced by
microorganisms as they uptake this nutrient for cell tissue growth and metabolic
activities. Finally, zooplankton, aquatic insect larvae, and even small fish larva will feed

upon suspended solids that can harbor bacteria and viruses.

These are all internal processes that potentially affect the quality of water exiting a
wetland. It must be stressed that FWS wetlands are “open-systems” and as such are
subject to various perturbations. Even though properly designed wetland systems
perform in a predictable range of effluent values, a limitation to using FWS constructed
wetlands as an agricultural or stormwater runoff treatment system is not only the
variability in hydraulic and mass loadings, but also the background concentration of

constituents produced by the external loading and the internal wetland processes.

Background concentrations of BOD, COD, turbidity, total phosphorus, total nitrogen, and
total and fecal coliform can control the effluent quality achievable in a free water surface
constructed wetland. The natural cycle of nutrients and the potential re-release of
constituents incorporated in the wetland biomass must be considered in the effluent

permit requirements for discharges from FWS constructed wetlands.

In summary, constructed wetlands can reduce BOD, nitrate, suspended solids, and metals.
However, total dissolved solids, a sign of increasing salinity, is not improved by wetland
systems. Salinity levels will continue to develop as a challenge to this project as well as

many of the valley’s water resource projects in the future.
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DATA GAPS

Because water quality sampling data within the project area is limited, addition sampling
would be recommended. Sampling should be considered determine the water quality

parameter water bodies receiving surface and subsurface flows from:

e Agricultural return pipes and canals
e CAFOs

e Stormwater

In addition water quality sampling is recommended during selection of preferred
restoration or enhancement locations. An accurate understanding of water quality will

allow features to be designed for water quality improvements.

SUMMARY

The surface water quality of the El Rio reach of the Gila River is influenced by local and
regional drainage. Regional flows occur in response to releases from upstream dams that
can transport contaminants to the subject reach from throughout the contributing
watershed. On a local basis, the major surface water sources of water in the project area
are wastewater effluent, dewatering wells, agricultural return flows, and stormwater

runoff.

The Gila River in the El Rio Project area is designated by ADEQ as an effluent
dominated stream, fed primarily from the 91°" Avenue WWTP effluent and agricultural
return flows. Historically the quality of water in the river has been poor and residual
pesticides and trace metals resulted in contaminated fish and a health advisory on fish and
shellfish consumption. Because of these issues, planning and conceptual design
restoration alternatives should include a complete characterization of the proposed water
source to assess the need for pretreatment and to identify constituents that may contribute
to the creation of an attractive hazard in the restored reach. A summary of water quality

concerns from the various sources is shown in Table 6.
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Table 6

Summary of Water Quality Concerns
from Sources in the El Rio Project Area
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Water Quality Sampling Locations

Location Type of Water
1 | 67" Avenue bridge northwest corner Stormwater
2 | Salt River upstream of confluence with Gila River Stream
flow/Stormwater
3 | Laveen drain at Deadhorse Ditch Agricultural return
4 | Discharge from gravel mine, south of Salt River near T Industrial Discharge
to 91°" Avenue
5 | Gila River upstream of confluence with Salt River Stream
flow/Stormwater
6 | Maricopa drain at lateral 14 on Western Canal Agricultural return
7 | SRP canal west of 75™ Avenue Agricultural return
8 | Tolleson WWTP Wastewater effluent
9 | Salt River ¥ mile south of 91% Avenue discharge Stream flow
10 | Salt River at 107" Avenue Stream flow
11 | % mile east of 115™ Avenue crossing Stormwater
12 | 115™ Avenue Bridge NE Stormwater
13 | Gila River and Salt River at 115" Avenue Stream flow
14 | El Mirage Road south bank Stormwater
15 | El Mirage Road north bank Stormwater
16 | Drainage ditch 0.1 miles west of EI Mirage Road Agricultural return
17 | Buckeye feeder canal and Lennox drain at head Stormwater
18 | Avondale WWTP Wastewater effluent
19 | St. John canal discharge Agricultural return
20 | % mile east of 147" Avenue Bridge Stormwater
21 | Lockheed Martin Discharge Industiral effluent
22 | Goodyear WWTP Wastewater effluent
23 | Salt Gila up from Buckeye canal Stream flow
24 | Estrella WWTP Wastewater effluent
25 | Buckeye WWTP Wastewater effluent
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Salt River at 91st Avenue

Gila River at 115th Avenue Crossing
Buckeye Canal

Gila River at Estrella Parkway

Gila River Above Highway 85 Bridge
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El Rio Watercourse Master Plan and Area Drainage Master Plan

Investigations and Development of Existing Conditions Model
Environmental Issues

WASS Gerke + Associates, Inc

SURFACE WATER QUANTITY

CHAPTER 2

Prior to the 1900°s the Gila River was a dynamic river, influenced by flows from the San
Pedro, Santa Cruz, Salt, and Agua Fria rivers. Today, the hydraulic regime of this
dynamic river system has been altered by damming, groundwater pumping, and urban
development. In order to implement a restoration program in this altered area,
availability of water is critical for success. Restoration of lost habitat depends on the

availability of water.

The quantity of surface water in the El Rio Project area is dependent upon numerous
factors relating to climate, geology, land use, and urban and agricultural activities. This
water quantity analysis considers the sources that bring surface water into the project area

as well as the sources that remove water from the project area.

Although the Metropolitan Phoenix area is an arid desert, the confluence of the Salt,
Agua Fria, and Gila Rivers has a history of perennial surface water. European explorers
of the 17™ and 18" centuries write about the abundance of the Gila River and its
associated riparian community (Rea 1983). In 1884 Dr. John Griffin traveled the Gila
and described the river at low flow as being 60 to 80 yards wide, on average 4 feet deep
and moving fast (McNammee 1994). Although the perennial character of the Gila River
is no longer apparent, today the region still hosts some important natural surface water
bodies. Therefore, a unique economic opportunity exists to restore a sustainable
ecosystem of xero-riparian, hydro-riparian and wetland habitats in the El Rio Project

reach.
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SOURCES OF SURFACE WATER

Sources of surface water in the area include precipitation, upstream and nearby
wastewater treatment plants, agricultural drains and canal discharges.  Annual
precipitation is low (approximately seven inches/yr) and its occurrence is variable.
Wastewater treatment plant discharges are likely the most consistent year around
discharges of surface water to the system, while agricultural irrigation and dewatering
water would be next. This memorandum discusses each source and the available data

describing the potential quantity contributed to the project reach by each source.

Local Climate Conditions
Climatic sources include: precipitation, evaporation, and evapostranspiration.

Precipitation

In a typical year approximately seven inches of precipitation occurs from two distinct
weather patterns: the summer monsoon (July through October) and the winter cold front
(November through March). Approximately 40 percent of the annual rainfall occurs
during the subtropical monsoon season which is typically short-duration, high-intensity
thunderstorms. Conversely, the winter cold front storms account for approximately 50
percent of the annual precipitation and are typically long-duration, low-intensity events.
The remaining 10 percent may occur as the result of either weather pattern (USGS,
1995). Historic and real time precipitation data is available from a USGS and Flood
Control District of Maricopa County (FCDMC) flood warning network rain gauges
located around the state. A summary of monthly average rainfall collected over the time
period February 1, 1998 through January 31, 2003 from the Buckeye gauge station
(February 1, 1998 to January 31, 2003) is provided in Table 1. The average annual
rainfall for the time period was 6.8 inches, the minimum annual total was 5.6, and the

maximum rainfall in any year was 8.5 inches.
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Evaporation

Open water evaporation data from the Phoenix area indicate an average of 94.4 inches
per year, based on data from 1896 to 2000. If such data are unavailable, open water body
evaporation rates can be estimated as 0.7 to 0.8 of local pan evaporation data. The
Arizona Meteorological Network, part of the Office of Arid Lands at the University of
Arizona, provides local reference evapotranspiration values that can be used to estimate
pan evaporation rates on a site specific basis. Evaporation is important with respect to
concentrating salts, water availability, and other parameters which may lead to vegetation

stress or even failure of restored habitats.

Table 1

Monthly Rainfall Data
From the Buckeye, Arizona Gage Station
(2/98 — 1/03)

Month Average Minimum Maximum
(inch) (inch) (inch)
‘ January 0.3 0.0 0.9
February 1.1 0.0 4.0
March 0.7 0.0 1.8
April 0.3 0.0 1.3
May 0.0 0.0 0.0
June 0.1 0.0 0.4
July 1.6 0.0 3.1
August 0.7 0.0 1.4
September 0.6 0.0 1.5
October 0.7 0.0 2.5
November 0.1 0.0 0.3
December 0.2 0.0 0.4
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Table 2
Monthly Evaporation Data
Phoenix, Arizona

Month Average
(inch)
January 3.03
February 4.02
March 6.11
April 8.64
May 11.33
June 12.67
July 13.10
August 11.87
September 9.69
October 6.81
November 4.15
December 2.96
Cumulative Total 94.4

Evapotranspiration

Evapotranspiration (ET) is a measure of the water loss from a vegetative surface
considering the combined effects of soil evaporation and plant transpiration. Factors that
affect evapotranspiration rate include: temperature, relative humidity, wind, soil
moisture, plant type, and plant development. Evapotranspiration can be increased or
decreased over that measured in open water bodies by the choice and aerial extent of

vegetation (USBR 1993).

Reference evapotranspiration (ETo) is defined as the ET from a 3 to 6 inch tall cool
season grass that completely covers the ground, and is supplied with adequate water.
Historic reference evapotranspiration data is available from AZMET location around the
state. The closest AZMET station is located on the Roosevelt Canal in Buckeye
(Latitude 33° 24° N Longitude 112° 41> W). Monthly average ETo, developed from
daily records for February 1, 1998 to January 31, 2003 are shown in Table 3.
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Table 3

Monthly Evapotranspiration Data
Roosevelt Canal Station, Buckeye, Arizona

Month Average Minimum Maximum
(inch) (inch) (inch)
January 3.4 2.6 4.0
February 4.2 3.1 5.0
March 6.2 5.6 6.9
April 8.1 7.5 9.1
May 10.5 9.6 11.3
June 1.0 10.2 11.5
July 9.8 8.9 10.4
August 9.1 8.4 9.9
September 7.8 7.5 8.2
October 6.1 52 7.1
November 3.8 3.0 4.4
December 3.1 2.7 3.8
Annual 81.8 79.0 86.5
Total (6.8 feet) (6.6 feet) (7.2 feet)
Wastewater Effluent

Wastewater treatment plants (WWTP) and water reclamation facilities (WRF) may
discharge treated wastewater effluent into the Gila River, tributaries to the Gila River,
and irrigation districts serving the agricultural lands surrounding the EI Rio project area,
or recharge the upper groundwater aquifer beneath the El Rio project area. In all cases

these discharges or recharges impact the quantity of water in the Gila River.

Several WWTPs and WRFs are located near the El Rio project area. In addition many
more are planned to meet the need for wastewater treatment created by increasing
populations. Appendix A contains a map illustrating the location of the 6 existing

WWTP and WRF's and the 12 planned WWTP and WRFs.
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A schedule for facility expansion and new construction was taken from the MAG 208
‘ plan (October 2002). Table 4 lists the current and future capacity (anticipated by year
2020) in million gallons a day (mgd).

Table 4

Existing and Planned WWTP

and WRF Capacity
Current Capacity
Facility Name Municipality Capacity by 2020
(mgd) (mgd)

City of Avondale WWTP Avondale 3.5 6.4

Town of Buckeye WWTP Buckeye 0.6 2

City of Goodyear 157"

Avenue WWTP (future Goodyear 3 4

Cotton-Lane WRF)

Estrella WWTP (also known

as Corgett Basin WRF) Goodyear 0.8 2.2

Northside WRF (also known

as North WRF) Avondale 0 6
. Blue Horizon WRF Buckeye 0 2

Sundance WRF Buckeye 0 3.6

Whitestone WRF (also known

as Verrado WRF) Buckeye 0 3.35

Palm Valley WRF Goodyear 0 8.2

Rainbow Valley WRF Goodyear 0 3.9

Waterman Basin WRF Goodyear 0 7

Sarival WRF Goodyear 0 8.2

TOTAL CAPACITY 7.9 58.45

Reuse, Recharge, and Discharge Options
Reuse permits are required by ADEQ for facilities accepting treated effluent. There are

five facilities in the region that currently have reclaimed water permits. They include:

e (ity of Avondale WWTP
e City of Goodyear WWTP
e (Goodyear Estrella WWTP

e City of Tolleson
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e Phoenix 91% Avenue WWTP

Reuse of effluent limits the quantity of water discharged to the river. The primary reuses
are irrigation of crops and turf, which have a seasonal patterns in water usage. The result
is large discharges in winter months, and reduced or no discharge during the growing

s€ason.

Recharge and Recovery

The Underground Water Storage and Recovery Program was initiated by the Arizona
Department of Water Resources (ADWR) in 1986. Since then, 15 Underground Storage
Facility (USF) permits have been issued in Maricopa County for recharging effluent.
Only one is known to exist in the El Rio project vicinity and it is managed by the City of

Goodyear WWTP which has a USF permit for 3,360 acre-feet per year (MAG, 2002).

USF permits are typically used to operate aquifer storage and recovery (ASR) systems.
The primary objective of ASR systems is the short term storage of water in times of
excess for use in times of shortage. ASR systems require a large unsaturated zone to be
effective and could potentially reduce or eliminate surface water discharges. Since the
groundwater table is high in the project area, it is unlikely that WRP will opt to develop

large-scale ASR project for seasonal storage.

The Aquifer Protection Permit (APP) program was introduced by ADEQ in 1989, to
permit discharges to groundwater. Current Aquifer Protection Permits (APP) for the

following facilities:

e City of Avondale WWTP
e Town of Buckeye WWTP
e City of Goodyear, Recharge Project/SAT Facilities
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Currently six facilities in the region have National Pollution Discharge Elimination

System (NPDES) permits for discharge of treated effluent. Table 5 lists the facilities

with NPDES permits and the permitted receiving water.

Table 5

Permitted Receiving Waters
WWTP and WRF

Facility Type Name Receiving Water

Municipal WWTP | Avondale WWTP Gila River

Municipal WWTP | Buckeye WWTP Arlington Canal

Municipal WWTP | Goodyear 157™ Gila River
Avenue WWTP

Municipal WWTP | Goodyear Estella Corgett Wash — tributary to Gila River
WWTP

Industrial WWTP | Lockheed Martin Unnamed ditches — tributary to BID

Municipal WWTP | Phoenix 91° Avenue | Salt River
WWTP

Municipal WWTP | Tolleson WWTP Salt River

(MAG 208 Plan, 2002)

Agricultural Discharges

The Buckeye Water Conservation and Drainage District (BWCDD) operates the Buckeye
Canal, the South Extension Canal, and the Arlington Canal to transport water for
agricultural uses on the north bank of the project area. The water supplies are reclaimed
water from the 91% Avenue WWTP and the Buckeye WWTP as well as groundwater
from more than 30 irrigation and dewatering wells. The amounts of water discharged to

the El Rio reach of the Gila River from agricultural activities is variable and depend upon

climate and crop choice in a given field for a given time-period.

Tail water
The BWCDD also maintains surface drainage canals which carry agricultural tail water
from the service area to the river. Tail water runoff is the unused irrigation water or rain

water that is collected at the base or at the end of an irrigation system or field in a ditch or
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other impoundment. This water may be reused again for irrigation purposes, left to
evaporate, percolate into the ground, treated, and/or discharged to surface bodies of

water. Discharge points are located in the Gila River at the following road alignments:

e Jackrabbit Road

e Between Dean and Airport Roads

e Watson Road (end of South Extension Canal)
e Miller Road

e Between Rooks and Miller Roads

e Between Wilson and Turner Roads

e Between Bruner and Verde Roads

A map of the BWCDD canal system and discharge points is included in Appendix B.
The discharge from the BWCDD can be estimated as 14,000 AF/yr, which represents 40
% of the water 35,000 AF/yr supplied.

In addition to canals discharges, fields adjacent to the river also contain culverts that
drain directly into the Gila River. Field inspection found tail water entering the Gila

River as shown in the photo in Appendix C.
Dewatering Wells

A high ground water table in the Buckeye area, impacts the productivity of farms.
Dewatering wells are operated to control water levels in many fields. This results in

excess groundwater which is put into canals and drained to the Gila River.

Stormwater Runoff

Stormwater collection systems in the project area are limited in extent as is the amount of
impervious area. As development occurs in the region it is likely that agricultural land
will be transferred into residential and commercial land uses. Although this will likely
increase the amount of stormwater runoff, on-site retention requirements of new

developments will likely attenuate those flows collecting them in detention facilities and
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allowing the water to evaporate or percolate into the groundwater. Consideration could
be given to developing drainage pathways that treat, convey, and discharge runoff from
new developments to discharge into the Gila River. As such until the region develops
further and stormwater collection systems evolve that would route flows to the river, it is
not anticipated that stormwater is or will be a reliable source of water for restoration

purposes in the project area.

Concentrated Animal Feeding Operations (CAFOs)

CAFQ’s are not permitted to have surface run-off due to the high level of nutrients, BOD,
and pathogens associated with animal waste. For this reason, CAFOs are not considered

a significant source of flow into the project area.

RESTORATION OPPORTUNITIES

The presence and availability of excess water in the El Rio project area allows great
opportunities for restoration. Existing water bodies in the eastern portion of the site are
thought to be supported primarily by effluent from the 91* Avenue WWTP and a high
groundwater table. The middle region of the project area contains water bodies that exist
seasonally, typically following significant rainfall events in the contributing watershed.
The western region of the project area contains many water bodies, throughout the year.
These water bodies are likely sustained by a combination of groundwater and agricultural

tail-water.

DATA GAPS

Although the number and type of surface water inputs to the El Rio project reach have
been identified and located, some critical information is still lacking. Measurement or
estimates will need to be conducted to assess the quantity of surface water discharges
from agricultural activities. Ideally, these would be done immediately after potential

restoration areas have been identified.

SUMMARY

Although the perennial character of the Gila River is no longer apparent, today the El Rio

Project reach provides significant and existing, natural surface water bodies. This
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provides a great opportunity to develop a sustainable ecosystem restoration project with

xero-riparian, hydro-riparian and wetland habitats.

Sources of surface water in the area include precipitation, upstream and nearby
wastewater treatment plant discharges, agricultural drains and canal discharges. Also
important is the geological setting which is characterized by relatively shallow depth to
groundwater (See Groundwater Technical Memorandum). The shallow groundwater
setting and multiple surface water inputs, albeit of differing quality, provide flexibility in
approaching ecosystem restoration in the El Rio reach. For instance, the shallow
groundwater table facilitates the establishment of dominant riparian species by pole-
planting, a simple and economical technique. The shallow depth to groundwater and
surface water inputs will also likely reduce the cost of establishing or enhancing wetland
and aquatic habitat features. Finally, vegetation management achieved through the
replacement of terrestrial species with wetland plants or open water aquatic areas via
excavation will also be more cost effective because of the reduced amount of material to

be removed.

Because annual precipitation is low (approximately 7 inches/yr) and its occurrence is
variable, restoration efforts should probably not rely upon runoff as a primary source, but
could be used to augment systems in appropriate locations. Wastewater treatment plant
discharges are likely the most consistent year around discharges of surface water to the
system, while agricultural irrigation and dewatering water would be next. Combined
with the groundwater character, the surface water sources appear sufficient to assist

restoration efforts.
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Figure of BWCDD Tail Water Discharges
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|
Figure 1: Pipe draining agricultural field directly in to floodway of Gila River.
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El Rio Watercourse Master Plan and Area Drainage Master Plan

Investigations and Development of Existing Conditions Model
Environmental Issues

WASS Gerke and Associates, Inc.

REVEGETATION POTENTIAL

CHAPTER 3

BACKGROUND

The following reports on the vegetative cover types delineated in the El Ro Project reach
of the Gila River by Ecoplan and Associates Inc. The format of this memorandum will
consist of presenting the vegetation cover types, treatment mechanisms, resistance to
flow, and potential for restoration. For this report, restoration alternatives include
protection of high quality and desirable habitat, enhancement of marginal habitat, and
creation of new habitat for aesthetics, mitigation water quality improvements, or

buffering sensitive areas from adjacent land use or other activities.

VEGETATION COVER TYPES

In the El Rio Project Reach 12 vegetation cover types were identified and defined.

e Sonoran Desert Scrub (SDS)

e (Cobble/Strand (CS)

e Arrow weed/Salt Cedar/Willow (AWS)
e Arrow weed/Willow (AW)

o Salt Cedar (SC)

e Salt Cedar/Cottonwood/Willow (SCW)
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e Salt Bush/Quail Brush (ATX)
e Cottonwood/Willow (CW)

e Willow/Salt Cedar (WS)

o Agriculture (AG)

e Marsh(M )

e Marsh Type 1 (M1)

e Marsh Type 2 (M2)

Table 1

El Rio Vegetative Cover Types and Pre-Project Acreages

Cover Type Symbol Acreage % of Total
. Arrow-weed/Willow/Salt Cedar AWS 49 0.6 %
Arrow-weed/Willow AW 32 0.4 %
Saltbush/Quail brush ATX 179 2.2 Yo
Cobble Strand CS 3,049 38 %
Cottonwood/Willow CwW 100 1.3%
Marsh 2 M2 17 0.2 %
Salt Cedar SC 4,349 55 %
Salt Cedar/Cottonwood/Willow SCW 33 0.4 %
Willow/Salt Cedar WS 168 21 %

Total 7,975 100.0 %

WETLAND VEGETATION TREATMENT

Wetlands are complex systems, where physical components facilitate chemical reactions

‘ and biological processes to remove and/or transform pollutants. Vegetation type plays a

Chapter 3 Page 2




major role in the removal mechanism. For the purposes of improving water quality,
wetland vegetation can be grouped into four categories: emergent vegetation, submerged

aquatic species, floating/spreading aquatic species, and transitional plants.
Emergent Vegetation

Emergent aquatic macrophytes are rooted in the bottom muds, and typically grow in
saturated soils to water depths of approximately one meter. Treatment wetlands
generally include, but are certainly not limited to #ypha sp. and schoenoplectus sp.
(formerly known as scirpus). Some species can tolerate complete saturation on a year-
round basis, but others may require a disturbance e.g., drying, burning, or some means of
re-aerating soils. In the past, monocultures have been extensively used but the current
trend is towards the use of a diverse assemblage to meet water quality goals while
providing greater habitat value. A diverse assemblage of macrophytes is also more

sustainable habitat compared to monocultures.

Emergent wetland vegetation established in dense stands allows for mechanical removal
of particulate matter and the pollutants associated with it. The dense stands slow water
velocity which aids in settling solids and permit interception and impaction of particulate
matter. The submerged portions of the plants and litter-fall serve as surfaces for the
attachment of biological films. Upon plant senescence and subsequent decay, plant
material can release nutrients that can sometimes be detected as seasonal pulses in the
wetland discharge. Carbon is also released and can be used by microbial communities to
satisfy metabolic needs and is important for microbial mediated nutrient transformations
and removals. Carbon compounds resulting from the decay of wetland plants and
microbial communities will also likely show up in the wetland effluent and can be
measured as Biochemical Oxygen Demand (BOD) or Carbon Oxygen Demand (COD).
The decaying emergent vegetation provides a “litter-zone” where labile carbon is formed

and subsequently used by bacteria for metabolic requirements, such as denitrification.

Emergent plants can also influence the water quality by shading the water surface, thus
dampening temperature and wind-induced turbulence. Live and dead emergent shoots

exchange gases between the bottom sediments, water column, and atmosphere. Oxygen
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can be transported through stem structures to the roots and rhizomes where some may
“leak” out. This sets up an oxidizing zone immediately adjacent to an anoxic or
anaerobic zone which are very important for nutrient transformations, degradation of
organic compounds, and if sufficient sulfur is present in the system, heavy-metal removal

as metal-sulfide complexes.
Submerged aquatic plants

Submerged aquatic plants can persist in water depths deeper than one meter. Submerged
aquatic plants are established such that they “fill” the water column of internal deep
zones. They will be typically rooted in the bottom and thrive if sufficient light penetrates
the water column. Submerged plants such as Ceratophyllum demursum, provide surface
in the water column for the attachment of microbes that do the brunt of the nutrient
removal/transformations and can help in the assimilation of BOD produced from the
natural decay of plant biomass. In some cases, submerged aquatic species have been
used in areas too deep to sustain emergent macrophytes. Submerged plants alter water
quality by exchanging gases with the water column, (O, during daylight hours, CO, at
night), and can provide substantial surface area within the water column for the
attachment of algae and bacteria, providing an ideal “nursery” for zooplankton growth.
They mediate water temperatures and provide refuge and forage for wildlife. A good
algal cover or even duckweed covers can preclude light transmission and make it difficult
to sustain these plants over time unless nutrients are managed in emergent vegetation

zones and retention times in open-water areas are minimized.
Spreading and Floating Plants

Spreading and floating plants are species that root in moist substrates (shoreline or banks
of islands) and the spread out over the water surface. Floating aquatic plants, such as
Hydrocotyle, Ludwegia, and Potamogeton facilitate the uptake of pollutants (generally
nutrients, but perhaps dissolved constituents as well) by floating plants during growth and
development. Floating vegetation systems for treatment, with true pollutant removal,
require harvesting plants. The floating plants tend to have dangling root structures that

facilitate the uptake of dissolved constituents, permit gas exchange with the water
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column, and provide an environment suitable for zooplankton communities to establish
within. Floating aquatic vegetation establishes in the banks and spreads across the water
surface minimizing algal production in the open water. These plants can provide

numerous benefits to wildlife and other wetland vegetation.

Hydrocotyle (pennywort), for example, has been used in several operating treatment

wetlands to:

1) protect emergent macrophytes from predation during the spring re-growth
periods. In essence emergent species are grown through the pennywort cover.

Muskrats consume the pennywort thereby allowing the bulrush to mature;

2) shading the water surface and providing nursery habitat for zooplankton, fish,

and amphibians; and
3) providing forage for waterfowl.

Transitional plants

Transitional plants are the plants that grow by the banks of a wetland, in the zone
between two inches of water and the moist soils above the water’s surface. Species
include eleocharis, equisetum, and juncus. In addition salix (willow) trees prefer
growing in this zone. Although these do not have a direct impact on water quality, they

are essential for bank stabilization and habitat value of the wetland environment.

RESISTANCE DUE TO VEGETATION

The stage-discharge relationship for a river system is influenced by the vegetation in the
channel and overbank. The presence of plant communities can increase or decrease the
effective flow resistance; thereby impacting the velocity, sedimentation, and depth of
water. The resistance of river flow as a result of vegetation in the flow path can be
estimated described based on the area and type of vegetation. The resistance is calculated
by the characteristic area of vegetation (Av), the bulk drag coefficient (Cd), and is a
function of river velocity. Drag is the force created when a fluid moves through

vegetation. This force creates velocity gradients, eddies, and loss of momentum.
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Both the Av and Cd are challenging to quantify for a particular stretch of river. The
surface area estimated and used in defining Av for a particular vegetation community is
most commonly the frontal area, but relationships have also been calculated with the
wetted area. The frontal area is described as the area of the object, on a plane normal to
the flow direction. Bulk drag coefficient is an estimate of the resistance force caused by
a particular object. Cd values are derived in wind tunnels or field data and can be
correlated for water applications. Deciduous vegetation Cd values depend on the leaf

development.

Alternate Method to Calculate the N-value

Historically the resistance of a river was described merely by roughness values, n, in
Manning’s equation. Manning’s n value ranges exist for most cover types from cobble to
vegetated communities. However, available roughness values vary greatly within a cover
type. To better estimate resistance roughness of vegetation in an un-submerged channel,

the following equation can be used:

This relationship is used to describe Manning’s roughness as a factor of a unit correction
factor (Kn), the hydraulic radius of the channel (R), drag coefficient (Cd), Area (Ad), and

gravitational force (g). (Fischenich, 2000)

An equation for larger woody plants is as follows:

C A 2 4/3
n=n+_[1.0+ L L4
2gAL £\ n, J\ P

Here, n, is the total boundary roughness, and C4ZAi/(AL) is the expression for the

vegetation in the floodplain, and P is the wetted perimeter. (Freeman, 2000)
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Finding/Summary

Manning roughness values, n, for a common wetland reed (bulrush) range from 0.27 to
0.70. Values were found to decrease with increasing velocities (WRP, 1994). “Few data
are available from which drag coefficients can be computed for vegetation immersed in
flowing water” (Fischenich and Dudley, 2000). One of the largest recently published
studies was conducted through the US Army Corps of Engineers, Engineering Research
and Development Center, entitled “Determination of Resistance Due to Shrubs and
Woody Vegetation,” published in October 2000. The study included 20 different plant
species and 220 experiments. Unfortunately most of the riparian species in the Gila
River were not included in this study. Salt cedar, however, was included in the study,
and results of the experiments showed roughness values of between 0.048 to 0.072

(Freeman, 2000). Appendix A contains the list of resistance for the 20 species studied.

VEGETATION RESTORATION POTENTIAL

The sustainability of a restoration project will be dependent of providing the proper soil
and water condition for plant survival. Table 2 lists the depth to groundwater and salinity
requirements (measured in electrical conductivity) for plant species in the El Rio study

area.

Table 2

Depth to Groundwater and Salinity Requirement of Vegetation

Depth to Salinity
Common Scientific Groundwater as EC
Name Name (m) (dS/m)
Foothill Cercidium <10 =350
paloverde microphylum
Triangle-leaf Ambrosia deltoidea <10 ND
bursage
Fremont Populus fremontii 3 <3.0
Cottonwood
Velvet mesquite | Prosopis velutinia <10 4-10
Willow Salix gooddingii 0~ <4.0
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Table 2 Cont.

Brittlebush Encelia farinosa N/A ND
Arrow weed Tessaria sericea <10 ND
Salt cedar Tamarix spp. 10 18.5
Four-wing Atriplex canescens 10 6-10
saltbush
Cattail Typhia latifolia Standing water to <4.0
0.5
Coyote Willow | Salix exigua 1-3 6-10
Seep-Willow Baccharis glutinosa 1-3 10
N/A = Not Applicable
ND = No Data

Sonoran Desert Scrub (SDS)

Preserve and protect existing Sonoran Desert Scrub. There is a potential to plant this
cover type in converting selected areas of salt cedar where soil salinities are too high (>
3-5 mmhos/cm) for hydro-riparian species and where depth to groundwater exceeds

approximately 10-feet below ground surface.

Cobble/Strand (CS):

Cobble/Strand open space should be considered for protection. It is also a candidate
cover type for enhancing shallow drainages or for areas where the vegetation density,

such as monotypical stands of Salt Cedar, needs to be reduced.

Arrow weed/Salt Cedar/Willow (AWS)

This cover type may be protected in place or enhanced by removing the salt cedar
especially when located immediately adjacent to open water areas. Augmentation with
cottonwood and willow species should also be considered when soil moisture and salinity

are within appropriate ranges.
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Arrow weed/Willow (AW)

This cover type should be considered valuable and protected within the El Rio project

reach.

Salt Cedar (SC)

Protection could be considered in areas where this cover type is located immediately
adjacent to persistent open water, since it is currently considered as potentially suitable
habitat for Southwest Willow Flycatcher. Replacement of this cover type should be
considered in all other areas. If soil and moisture conditions permit, replacement of this
cover type could be with native hydro-riparian species. In other areas where soil salinity
may too high, consideration should be give to replacement with open water through
excavation, salt tolerant tree species such as velvet and screw bean mesquite, or a salt
bush/ quail brush complex. Final decisions regarding replacement should be made after
specific locations have been identified and among other things, site specific soil and

water quality information is available.

Salt Cedar/Cottonwood/Willow (SCW)

The SCW cover type is a candidate for protection/preservation depending upon 1its
location within the El Rio project reach. Enhancement/augmentation of the native
species in this complex is recommended where removal of exotics will not result in
degradation of the existing habitat afforded by this cover type. Enhancement would
likely entail select removal of exotics and replacement with appropriate ground cover,

mid and dominant canopy species.

Salt Bush/Quail Brush (ATX)

Protect and preserve in place. This cover type may be used to replace exotic vegetation
in areas where soil salinity and moisture levels do not permit other native species to

become established.
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Cottonwood/Willow (CW)

CW cover should be considered extremely valuable and where it occurs in the El Rio
project reach it should be protected and preserved in place. If water sources are available
certain areas may be enhanced through pole-plantings, containerized stock, or provision
of appropriate soil areas and moisture conditions downwind of existing CW areas to
encourage recruitment of additional stock from existing seed sources. Creation of CW

areas should also be considered at appropriate location within the El Rio reach.

Willow/Salt Cedar (WS)

WS is another relatively desirable cover type and in most cases it should be considered
for preservation. Possible enhancement in these areas would include selective
replacement of salt cedar located immediately adjacent to shorelines with true willows

(Salix sp.) or seep-willow.

Agriculture (AG)

Preservation of agricultural fields in the El Rio project reach should be an objective as
agricultural lands can serve as a buffer for flood conveyance. Agriculture can also buffer
incompatible land uses such as urban development and wildlife habitat. Besides serving
as potential forage and refuge areas for wildlife, agricultural activities provide surface

water and groundwater inputs to the river in this reach.

Marsh

Existing marshes should be considered valuable vegetative cover and protected. Because
of high habitat value and potential to improve water quality, the creation of both wetland
marshes and subsurface flow wetlands should be considered. Wetland marsh creation
should be used to replace dense stands of salt cedar and thereby improve flood
conveyance within the reach at selected areas while at the same time providing additional
high quality habitat. For surface water discharges to the river that may be high in nitrate
or toxic compounds, subsurface flow systems should be used to prevent contact with a
free water surface by humans and wildlife. Subsurface flow systems also can be used in

areas where mosquito breeding is potentially problematic.
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SUMMARY

Twelve vegetative cover types were identified in the El Rio Project area. These areas are
typified by communities with varying tolerance to salinity and moisture. The opportunity
exists to preserve and possibly enhance existing high quality and even marginal habitat
types. This can be ultimately be achieved through selective removal of exotic species
and replacement with open water, wetland marsh, native-riparian and upland vegetative
communities. Creation of additional high quality native vegetation is also possible within
the El Rio reach subject to appropriate soil conditions and available water. Restored
habitat can improve water quality in the region, by reducing solids, organics, trace
metals, pesticides, and oxygen demanding compounds. In addition replacement of
particular habitat types such as salt cedar with native reeds or open water can reduce the

resistance in the cross section, and minimize the impact of flood flows.
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Table 3

Summary of Large Flume Results with Homogeneous Grou ings (Sl Units)
Plant Plant Watsr | Mean Energy Bed
Height Densny Depth |Velocity |Slops |Avarage |Hydraulic Bed Bad

Run Plant H m M 1m” |[Yo.M |V misec |8 n Radius m wiv Manning’s n

i o-1 none 0718 [0.388 D.00013 0.562 0.062 {0.0200

Il D-2 nong 1.321 |0.208 0.00002 {C.018 0.884 D.DB4 {0.02D0

Il 0-3 nong 1458 |0.591 0.00015 {0.018 1.011 D.DBS {0.0220

11 Yellow Twig {0.51 5.3€60 1271 |0.366 0.00053 |0.048 1.202 0216 |{0.071C
Doawood

112 Yellow Twig {0.51 5.360 1256 |0.610 0.cof24 |0.042 1.184 0198 {0.0E50
Dogwood

I 1.3 Yellow Twig {0.51 5360 1122 |0.750 o.co184 |0.040 1.05¢ 0.185 ]0.0590
Dogwond

b4 Yellow Twig |0.51 5.360 0,942 0482 0.00118 |0.047 0.902 0.213 |0.067C
Dogwood

I 15 Yellow Twig |0.51 5.360 1021 |o588 0.00140 |{0.043 0.571 0.196 |0.0620
Dogwood

I 16 Yellow Twg {0.51 5360 1048 |0.689 0.00163 {0.040 0.8¢1 0.183 {0.0280
Dogwecod

I 17 Yellow Twig [0.51 5.3E0 0.536 |0.878 D.00582 {0.048 0.521 D197 |0.056D
Dogwood

| 1-8 Yellow Twig [0.51 5.360 0716 |0.991 0.00477 |0.041 0.688 0181 {0.0540
Dogwood

| 1-9 Yellow Twig {0.51 5.360 0.687 |1.081 0.00418 |0.038 0.843 0.170 {0.D530
Dogwood

I 21 Yellow Twig {0.51 2.378 1.356 |0.765 0.00102 |0.031 1.232 0.145 {0.0480
Dogwood

I 22 Yellow Twig {0.51 2378 1.148 |0.924 0.00165 |0.031 1.058 0.142 {0.0480
Dogwood

I 2-3 Yellow Twig {0.51 2378 0515 |1.058 D.00683 |0.040 0.48¢8 D.174 {0.050D
Dogwood

| 2-4 Yellow Twig {0.51 2378 0.386 |0.750 0.00486 |0.042 0.421 0.1@1 |0.0530
Dogwood

] 31 Berried D.71 2.691 1207 |0.284 0.00020 |0.042 1.134 0185 |0.0640
Elderbermry

i 32 Berried D.71 2691 0.e83 |D.47¢ 0.00063 |D.035 0.918 0.157 |{0.D50C
Elderbemy

{ 2-3 Berried D.71 2.661 1.084 |0D.588 0.00085 |D.034 D.88g 0154 {0.D480
Elderbery

I 34 Berried 0.71 2.691 0.953 |0.304 0.00043 |0.045 0.208 0.204 {0D.0640
Elderberry

| 35 Berried 0.71 2.691 0708 (0518 0.00125 |0.040 0.676 0.176 {0.0530
Elderbemy

1 3-8 Berried 071 2,691 0782 |0.814 0.00110 {C.033 0.735 D.145 |0.0440
Elderbemy

| 37 Berried 0.71 2,691 0848 |0.682 0.00122 jo.032 0.783 0.141 {0.0430
Elgerberry

| 3-8 Berried 071 2881 D816 |0.768 0.00167 |0.033 0.767 0.146 {0.0450
Elderbery

| 3-8 Berried 0.71 2691 0748 |0.862 0.00128 {0.031 C.702 0.136 {0.0410
Eldarberry

| 3-10 Berried 071 2.691 0815 |0.945 0.00191 |C.C30 0.848 D0.133 {0.0410
Elderbermy

| 41 Purpleleaf  {0.20 12.809 |1.182 |[0.319 D.00C41 [0.045 1.120 0.202 |0.0630
Euonymus

| 4.2 Purpleleaf 0.20 12.808 |1.185 |0.420 0.00035 |0.040 1.122 0.186 |0.0800
Euonymus

| 4-3 Purpleleaf {0.20 12.808 |1.120 |0.686% 0.00159 |0.042 1.063 0.185 |0.0830
Euonymus
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Table 3 (Continued)

Plant Plant Water |Mean Ensrgy Bsd
Height [D=nsity [Depth |Velocity |Slope [Avarage |Hydraulic Bed Bed

Run Plant H m Mim' |YoM |V, m/sec |S n Radius m ¥V __|Manning's n

| 4-4 Purpleleaf |0.20 12.809 [D.842 |0.662 0.00225 |0.045 0.810 0.202 |0.0820
Euonymus

| 4.5 Purpleleaf |D.20 12.8D8 |D 887 |D.7B6 0.00251 {0.042 0.84¢ 0.188 {0.0580
Euonymus

| 4.8 Purpleleaf  }0.2D 12.808 [D.781 (0974 0.00408 {0.041 0.751 0.178 {D.0580
Euonymus

| 47 Purpleleaf |0.20 12.809 0401 0817 0.00477 | 0042 0477 0.183 {0.0520
Euonymus

| 51 Purpleleaf |D.2D 5,684 1032 (0411 0.00053 |0.038 0.968 0172 j0.0550
Euonymus

| 52 Purpleleaf  {0.20 5684 1.034 (0832 0.00108 |{0.035 0.867 0158 {0.0500
Euonymus

| 583 Purpleleaf  {0.20 5694 0707 0963 0.00436 |0 D40 0.680 0.177 |0.0530
Euonymus

I 61 Red Twig 0.97 1.218 1263 |0.323 0.00110 {0.075 1.233 0.357 |0.1190
Dogwouod

| 82 Red Twig 0.97 1.218 1284 |0473 0.00213 {C.070 1.233 0.336 {0.1110
Dogwood

| 63 Red Twig 0.97 1.218 1.286 |0.611 D.DO266 |0.062 1.258 D.297 {0.0990
Dogweood

| 84 Red Twig 0.97 1.216 094D |D.347 0.00204 |0.085 0.825 D380 {0.1230
Dogwood

| 85 Red Twig 0.97 1.216 0757 |0.609 0.00508 {0.070 0.744 0.313 {0.0950
Dogwood

| 66 Red Twig 0.67 1.216 0.828 10.953 0.00582 0.804 0.225 {0.0823
Dogwoed

| 87 Red Twig D.§7 1.216 0.537 |0.683 0.00833 {0.070 0.530 0.308 |{0D.088Q
Dogwocd

| &8 Red Twig 0.97 1.216 0.934 ]0.882 0.00540 {D.05C D.805 0.227 |0D720
Dogwond

71 Red Twig 0.87 0.527 1.184 [0.348 0.00117 {0.070 1.185 0.330 |{0.10B0
Dogwend

| 7-2 Red Twig 0.87 D.527 0.818 |0.504 0.00322 (0.070C 0.803 0.316 |0.0873
Cogwood

11 Service 0.71 0.538 0.690 |0.350 0.00145 |0.063 D.676 0.280 |0.D340
Berry

12 Service 0.71 0.538 D.867 |0.562 0.0D1280 |D.0S0 D.833 0.228 |[D.0O72C
Berry

113 Service 0.71 0.538 0.803 |0.68BS 0.00222 |0.043 0.771 0.192 |0.0520
Berry

I 1-4 Service 0.71 0.538 0933 |C.903 0.00276 |0.038 0.886 0.171 0.0540
Berry

i 1-5 Service 0.71 0.538 1.154 |0513 0.00132 |0.050 1.108 0.234 |0.0760
Berry

I 1-8 Service 0.71 0.538 1.275 |0.588 0.00157 {C.042 1.208 D.168 |0.0850
Berry

I 4-1 Yellow Twig 1.830 1358 |0.145 0.00019 |0.074 1.318 0.244 |0.1150
Dogwood

I14-2 Yellow Twig 1.830 1.389 |0.343 0.00058 |0.053 1.330 0.254 |0D.DBBD
Dogword

1143 Yellow Twig 1.830 1261 |0.608 0.00112 |0.040 1.186 0.188 |0.0620
Dogwocd

114-4 Yellow Twig 1.830 1.081 |0.867 0.00201 |0.032 1.003 0.144 | 0.0460
Dogwood

Il 6-1 Mulefat 0.97 0.645 1423 |0.408 0.00040 {0.037 1.314 0.177 |0.0580

116-2 Mulefat 0.897 0.645 1.265 |0.643 0.00085 |0.035 1.173 0.162 {D.0530

116-3 Mulefat n.97 0.645 1384 |0724 0.00103 {0.033 1.252 D.154 {D.051D
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Table 3 (Concluded)
Plant Plant Water |Mean Energy Bed
H=ight |Density |Dapth |Valocity [Slope |Average |Hydraulic Bed Bed

Run Plant Hm__IMtm” |Y, M |V misec |S n Radius m ViV __|Manning's n

1164 Mulefat 0.97 0.6848 1.072 |0.7¢1 D.00118 |0.030 0.284 0.135 |0.0430

11941 Vally 0.97 1722 1.366 |0.282 0.00029 |0.083 1.337 0418 ]0.1350
Elberbemny

I1g-2 Vally Q.97 1722 1330 |0.427 000163 |0.070 1.296 0.33¢ {0.1130
Elberberry

119-3 Vally 0.87 V722 1071 |0&22 0.00267 |0.068 1.047 0317 j0.1020
Elberberry

a4 Vally 0.97 1722 0.914 jo&21 0.00475 |0.072 0.8e7 0.328 {0.1030
Elberberry

11101 SaltCedar |1.52 D.624 1430 (G416 0.00156 |0.072 1.384 0.352 {0.1180

1110-2 Salt Cedar {1.52 D824 1378 |0.580 0.00238 |0.063 1.338 0.305 {Q.1020

1110-3 SaltCedar }1.52 0.624 1116 |[0716 0.00380 {0.060 1.085 0.281 {0.0910

I110-4 Salt Cedar  |1.52 0.624 0.833 |0.685 0.00369 {0.058 0.208 0264 {0.0830

I110-5 SaltCegar {1.52 0.624 |0.344 |0.750 0.00513 |0.060 6.824 0.272 {0.0840

11106 Salt Cedar {1.52 0.624 0.827 |0.835 D.00517 |D.048 0.801 0.215 {0.06860D

il Black Willow {1.22 2283 1416 |[0.313 0.00084 1.080 0.303 {0.098D

1l Black Willow | 1.22 223 1426 |0.551 0.00113 1.337 0.221 {0.0740

il Black Willow {1.22 2283 1388 |D0.763 0.00210 1.312 0.216 {0.0720

1l Black Willow }1.22 2283 0.680 |D.688 D0.00175 0.637 0.152 {0.0450

1l Black Willow {1.22 2283 0906 [C.810 0.00333 0.874 0.188 |0.D580

1 Black Willow {1.22 2293 0.821 0788 0.00326 C.794 0202 |0.0620

I Black Willow }1.22 2283 0776 |0.7258 0.00228 0.743 0178 |0.054D

1113-1 Mountain 1.52 4.844 0.678 |0.628 0.00323 |0.052 0.861 0.231 {0.0830
Willow

1113-2 Mountain 1.52 4844 0.605 |D.704 0.00414 {0.050 0.580 0.219 {0D.0B40
Willow

1113-3 Mountain 1.52 4.844 0.747 |0651 0.00666 |0.075 0.736 0.336 {D.1D20
Willow

1113-4 Mountain 1.52 4.844 D.818 |0.86D3 0.0D816 | 0.080 0.80B 0383 |D.1120
Willow

1113-5 Mountain 1.52 4.844 093¢ (0610 0.00584 {D.082 0818 0.378 {0.1180
Willow

1113-6 Mountain 1.52 4.844 1082 (€521 0.00459 [CQ.080 1.076 0421 |0.1380
Willow

1113-7 Mountain 1.52 4.844 1251 |C.446 0.00306 |0.080 1.230 0.432 [0.1430
Willow

1113-8 Mountain 1.52 4.844 1326 |0.447 0.00283 |0.088 1.303 0428 {01420
Willow

1113-8 Mountain 1.52 4844 1.414 |0.526 0.00335 {0.083 1.387 0.406 {0.137D
Willow

1113-10 Meountain 1.52 4844 1.278 |0.800 0.00432 |0.080 1.254 0.283 {0.1270
Willow

1113-11 Mountain 1.62 4844 1.382 |0.885 0.0054¢ {0.062 1.343 0.301 {01010
Willow

1114-1 Mt Willow 1.82 4844 0874 |0595 0.00378 |0.066 0.856 0288 |0.0930
wo leaves

I114-2 Mt Willow 1.62 4844 1.376 |0.368 0.00136 |0.075 1.343 0.364 {0.1220
w/o leaves
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Table 4

Summary of Large Flume Resuits with Homogeneous Groupings (Non-SI Units)
Plant |Plant |Water |Mean Energy Bed
Height |Density |Depth |Velocity |Slope |Average |Hydraulic Bed Bed

Run Plant H, ft M, 10 | Yo ft |V, fUs S n Radius ft Vv Manning's n

I 0-1 nong 0.G0C 2.355 11274 0.00613 1.844 0.089 10.0200

Il 62 nene 0.000  [4.334 [0687 6.00002 |0.016 2801 0.064 _10.0200

I G-3 nane 0.000  |4.783 {1940 0.00015 |0.016 3.318 0.069 10.0220

to1 Yellow Twig | 1.67 0498 14170 [1200 0.00053 |0.046 3.044 0.216 |0.0710
Dogwood

to12 Yellow Twig [ 1.67 0498 |4120 [2.000 0.00124 |0.042 3.885 0.188 |0.0650
Dogwood

113 Yellow Twig | 1.67 0498 |3.6R0 |2460 0.00184 | 0.040 3474 0.185 }0.0590
Dogwood

P14 Yellow Twig | 1.67 0.498  |3.090 |1580 0.00119 | 6.047 2859 0.213 |0.0670
Dogwood

t 156 Yellow Twig | 1.67 0.498 |3.250 |1983C 0.00140 {0.043 3.185 0.186 |0.0620
Dogwood

t 18 Yellow Twig | 1.67 0498 3440 |2260 0.00163 |0.040 3282 0.183 |0.0580
Dagwood

b7 Yellow Twig |1.67 0.498 |1.760 |2.880 0.00582 | 0.048 1.710 0.187 {00560
Dogwood

I 18 Yellow Twig [1.67 0.498 |2.350 |3280 0.00477 |0.041 2258 0.181 (00840
Dogwood

118 Yellow Twig [1.67 0488 |2910 {3580 0.00418 |0.038 2766 0.170 (00530
Dogwood

P21 Yellow Twig | 1.67 0.221 4450 [2510 0.00102 |0.031 4.041 0.145 100480
Dogwood

I 22 Yellow Twig |1.67 0.221 3770 |3.030 0.06165 |0.031 3463 0.142 [0.0460
Dogwood

P23 Yellow Twig | 1.67 0.221 1.690 (3470 0.00693 | 0.04G 1636 0.174 |0.0500
Dogwoad

I 24 Yellow Twig | 1.67 0.221 1.300 (2460 0.00485 | 0.042 1.282 0.181 |0.0530
Dogwood

b 31 Bemed 2.33 6.250 3859 |0.863 0.000630 |0.042 3.720 0.185 |0.0640
Elderberry

32 Bermied 233 6.25C |3.225 (1570 0.06C63 | 0.035 301 0.157 }0.0500
Elderberry

1 33 Bemed 2.33 0.250 3490 [1.924 0.00085 |0.024 3.244 0.154 10.0480
Elderberry

| 34 Bemied 2.33 0.250 3.125 |09%6 0.00043 |0.045 2979 0.204 |0.0640
Elderberry

I 35 Beried 233 0.250 2317 |189¢ 0.00125 [0.040 2218 0.176 |0.0830
Elderberry

36 Bermied 232 ©.250 2565 [2013 0.00110 |0.033 2410 0.145 10.0440
Elderberry

[T Berried 233 8.250 2787 2270 0.00123 |0.032 2603 0.141 0.0430
Elderberry

I 38 Bermied 233 0.250 2676 |2522 0.00167 |0.033 2518 0.148 |0.0450
Elderberry

138 Bermied 233 0.250 |2454 (2827 0.00198 | 0.031 2203 0.138 [0.0410
Elderberry

i 31C |Bemed 233 0.250 [3.002 |[3.102 0.06181 [0.03C 2784 0.133  |0.0410
Elderberry

I 41 Purpleleaf |0.67 1.19C  [3.878 |1.048 0.00041 | 0.045 3674 0.208 |0.0680
Euonymus

I 42 Purpleleaf |0.87 1180 |3821 |1.377 0.00055 | 0.040 3681 0.186 |0.0600
Euonymus

I 43 Purpleleaf |0.67 1.180 3673 |2.165 0.00159 | 0.042 3489 0.195 |0.0630
Euonymus

| 44 Purpleleaf |0.67 1.190 2762 |2472 0.00225 | 0.045 2658 0.202 |0.0620
Euonymus

1 45 Pumpleleaf |[0.67 1.180 29811 2512 0.00251 {0.042 2787 0.189 |0.0590
Euonymus
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Table 4 (Concluded)

Plant Plant Watsr |{Mean Energy Bed
H=ight |Density |Depth |Velocity |Slope |Average |Hydraulic Bed Bad

Run Plant Hft MR Yo 1t |V, HUs S n Radius ft vV __|Manning’s n

II9-3 Vally 3.17 0.160 3515 (1714 0.00267 | 0.068 3434 0.317 |0.1020
Elberberry

Il 8-4 Vally 3.7 0.160C 29289 |2.038 0.00475 |0.072 2.044 0328 |0.1030
Elberberry

I 10-1 SaltCedar |5.00 0.058 4602 |1.364 0.00156 |0.072 4573 0.352 |0.1180

Il 10-2 Salt Cedar [5.00 0.058 4.522 {1902 0.00238 |0.063 4388 0.305 |0.1020

Il 10-3 Salt Cedar |5.00 0.058 3.660 |2.350 0.D0380 | 0.060 3.560 0.281 |D.091D

Il 104 Salt Cedar |5.00 0.058 3.062 |2.246 0.00368 | 0.058 2.981 0.264 |0.083D

Il 105 SaltCedar |5.00 0.058 2768 2462 0.00513 | 0.060 2704 0.272 |0.0840

Il 10-6 Salt Cedar_|5.00 0.058 2714 |3.067 0.0D517 | 0.048 2629 0.215_ | D.0BED

I Black 4.00 0.213 4646 |1.028 0.00084 3578 0.303 |[0.0880
Willow

1l Black 4.00 0.213 4.677 |1.8B08 0.00113 4387 0.221 |0.0740
Willow

I Biack 4.00 0.213 4554 |2503 0.00210 4305 0216 |0.0720
Willow

Il Black 4.00 0.213 2232 |2.257 0.00175 2.088 0152 |0.0450
Willow

I Black 4.00 0213 2974 2984 0.00333 2.867 0.186 |0.D58D
Willow

Il Black 4.00 0.213 2693 2590 0.00326 2604 0202 {D.0B2D
Willow

Il Black 4.00 0.213 2547 (2381 0.00228 2439 0.178 {D.054D
Willow

1131 Mountain 5.00 0.450 22256 |2.081 0.00323 {D.D52 2188 0231 {0.0680
Willow

Ih13-2 Mountain 5.00 0.450 1.986 |2.308 0.00414 |0.050 1.937 0212 |0.0640
Willow

133 Mountain 5.00 0450 2451 |2137 0.00666 {0.075 2414 0.336 |D.102D
Willow

I 134 Mountain 5.00 0.450 2683 |1.892 0.00616 |0.080 25644 0363 |D.112D
Willow

Il 13-5 Mountain 5.00 0.450 3.063 {2.000 D.0D584 |0.082 30186 0.378 |D.11@D
Wiliow

Il 13-6 Mountain 5.00 0.450 3582 |1.710 0.00458 |0.090 3.530 0.421 |D.136D
Willow

I 13-7 Mountain 5.00 0.450 4104 1462 0.00306 |0.090 4.037 0.432 {0.1430
Willow

Il 13-8 Mountain 5.00 0.450 4351 |1485 0.00283 {0.088 4275 0428 {01420
Willow

Il 13-8 Mountain 5.00 0.450 4638 |1725 0.00335 |0.D83 4.549 0.406 {0.1370
Willow

111310 {Mountain 5.00 0.450 4184 |19867 0.00432 (0.080 4114 0.383 {D.1270
Willow

1311 Mountain 5.00 0.450 4534 {2936 0.00548 | 0.062 4408 0301 {01010
Willow

Ii 141 Mt Willow 5.00 0450 2869 |1852 0.00372 | 0.086 2809 0.298 |D.0S3D
win leaves

114-2 Mt Willow 5.00 0.450 4515 {1207 0.00135 |0.075 4.407 02384 |0.1220
wio leaves
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Table 5
Summary of Large Flume Results with Mixed Plant Groupings (S| Units)

Plant Water |Me=an Hydraulic
Densit Depth |Velocity |Energy Radius A Shear Ratio|Manning’s

Run |Plants M, 1/m YoM |V, misac |Skpa S |Averagen {{(bed) m V*/V(bad) |n (bed)

2-1 |20 Service Berry, 68 4.20 1414 0.353 0.00084 |0.062 1.366 0.300 0.101
Yellow Twig Dogwood,
68 Euonymus

2-2 |20 Service Berry, 68 4.20 1.398 04386 C.00122 |0.D54 1.243 0.258 0.087
Yellow Twig Dogwood,
88 Euonymus

2-3 |20 Service Berry, 68 4.20 1287 0.652 0.00218 |0.052 1.238 0.248 0.082
Yellow Twig Dogwood,
88 Eucnymus

2-4 |20 Service Barry, 68 4.20 0.908 0742 0.00398 |0.055 0.882 0.249 0.078
Yellow Twig Dogwood,
68 Euonymus

2-5 |20 Service Barry, 68 4.20 0.944 0.580 0.00253 |0.058 0.918 0.270 0.085
Yellew Twig Dogwoad,
68 Euonymus

2-6 |20 Service Berry, 68 4.20 0.885 D.77¢ D.D0551 | 0.055 0.670 D.244 0.073
Yellow Twig Dogwood,
68 Eunnymus

3-1 |68 Yellow Twig 3.66 1.410 0.360 0.00062 | 0.055 1.353 0.265 0.082
Dogwood, 68 Euonymus

3-2 |68 Yellow Twig 3.66 1.266 0.537 0.007125 |0.048 1.208 0.228 0.075
Dogwuod, B8 Euonymus

3-3 |68 Yellow Twig 3.66 0728 0.638 0.00250 |0.050 0.707 D.222 0.067
Dogwood, 68 Euonymus

3-4 |68 Yellow Twig 3.86 0.g982 0473 0.00126 |(C.050 0.845 0.228 0.072
Dogwood, 68 Euonymus

7-1 22 Mulefat, 70 Alders 2.48 1.332 D.366 0D.D0107 | 0.066 1.203 0.318 0.106

7-2 |22 Mulefat, 70 Alders 2.48 1344 0.458 0.00102 |0.052 1.288 0.248 0.083

7-3 |22 Mulefat, 70 Alders 2.48 1.148 0.624 0.00173 |0.047 1.098 0.218 0.071

7-4 |22 Mulefat, 70 Alders 248 1.006 0.845 0.00385 |0.050 0.972 0.230 0.073

8-1 |22 Mulefat, 70 Alders, 66 | 4.20 1373 D488 0.00228 |[0.073 1.341 0.355 0.118
Valley Elderberry

8-2 |22 Mulefat, 70 Alders, 66 [4.20 1340 0.572 0.00292 |0.070 1.308 0.338 0113
Valley Elderberry

8-3 |22 Mulefat, 70 Alders. 66 | 4.20 1377 0751 0.00427 |0.065 1.340 Q.318 0.108
Valley Elderberry

8-4 |22 Mulefat, 70 Alders, 66 | 4.20 1.189 0.533 0.00315 |0.075 1.164 Q.354 0.116
Valley Elderberry

8-5 |22 Mulefat, 70 Alders, 66 [ 4.20 1413 0.567 0.00372 |0.075 1.081 0.352 0.114
Valley Elderberry

8-6 |22 Mulefat, 70 Alders, 66 {4.20 1.166 0.678 0.00320 |0.085 1.137 0.306 D.100
Valley Elderberry

111 |23 Salt Cedar, 83 Black [4.20 1433 0.B58 000280 |[C.062 1.390 0.302 0.102
Willows, 50 Red Willows

11-2 |23 Salt Cedar, 83 Black |4.20 1.320 D794 D.DD445 |0.062 1.283 0.297 0.09g
Willows. S0 Red Willows

11-3 |23 Salt Cedar, 83 Black |4.20 1437 0.401 0.00158 |0.075 1.403 0.367 0124
Willows. 50 Red Willows

114 |23 Salt Cedar, B3 Black |4.20 0.955 0.528 0.00314 |0.070 0.835 0.323 0.102
Willows, 50 Red Willows

11-5 |23 Salt Cecear, 83 Black [4.20 0787 0.648 0.00471 |0.085 0.772 0.291 G.088
Willows, 50 Red Willows

11-6 |23 Salt Cedar, 83 Black |4.20 0.814 0.958 0.00834 |0.059 D.796 0.267 0.o82
Willows, 50 Red Willows

117 |23 Salt Cedar, 83 Black [4.20 0.6865 0.726 0.00456 |0.053 0.645 0.236 0.070
Willows, 50 Red Willows

12-1 |83 Black Willows, 50 a.58 1416 0.354 0.00079 |0.080 1.368 0.221 0.088

Red Willows
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Table 4 (Continued)

Plant Plant Wat=r |Mean Energy Bed
Height |Density | Dspth |Velocity |Slpe |Average |Hydraulic Bed Bed

Run Plant H ft MAAE | Yo 0t |V Hs s n Radius ft WV |{Manning's n

| 48 Purpleleaf |0.87 1.180 2563 |3.185 0.00408 | 0.041 2483 0.178 {0.0560
Euonymus

| 47 Purpleleaf [0.67 1.180 1.610 |2.678 0.00477 |0.042 1.565 0.183 |{0.0520
Euonymus

I 51 Purpleleaf |{0.67 0.528 3.385 ]1.248 0.00053 [0.038 3177 0.172 {0.0550
Eucnymus

| 52 Purpleleaf  [0.67 0.528 3.394 (2074 0.00106 [D.035 3.172 0.15% |0.0500
Euonymus

| 53 Purpleleaf |0.67 0.52¢ 2320 |3.188 0.C0436 |0.040 2.231 0.177 {0.0530
Eucnymus

I 81 Red Twig 3.17 0.113 4143 11.058 0.c0110 |DO75 4 046 0.357 {01180
Dogwood

| 82 Red Twig 317 0.113 4148 |1.573 0.00213 |0.070 4046 0.336 |0.1110
Dogwood

I 63 Red Twig  |3.17 0113  |4.252 |2005 0.00265 |0.062 4.128 0.287 |0.0890
Dogwacd

| 6-4 Red Twig 317 0.113 3.085 |1.139 0.0D0204 | 0.085 3.038 0.380 |D.1230
Dogwood

| 85 Red Twig 317 0.113 2485 [1.997 0.00508 |0.070 2442 0.313 |D.085D
Dogwood

| 6-6 Red Twig 317 0.113 2718 (3127 D.0D582 2632 D.225 |D.0E23
Dogwood

| 87 Red Twig 317 0.113 1.762 |2.241 0.00833 |0.070 1.738 0.308 |D.0B2D
Dogwood

| 88 Red Twig 317 0.113 3.065 [3.157 0.0054D | 0.050 2.968 0.227 |0.0720
Dogword

I 71 Red Twig 317 node 3885 |1.142 0.00117 {D.OVQ 3.788 0.330 {0.1080
D ogwonod

| 7-2 Red Twig 317 D.04g 2685 |1653 0.00322 |0.D070 2.635 0.316 |0.0873
Dogwood

11 Service 233 0.050 2265 |1.148 D.0D145 | 0.083 2217 0.280 |0.0840
Berry

12 Service 2.33 0.050 3173 |[1.844 0.00180 {0.050 3.080 0.228 |0.0720
Berry

13 Service 233 0.05C 2,634 {2249 0.00229 {D.D43 2.531 0.192 |0.0580
Berry

14 Sarvice 2.33 0.050 3.062 (2984 0.00275 |D.038 2.808 0.171 |0.0540
Berry

15 Service 233 0.050 3786 |1684 0.00132 |D.050 3.634 0.234 |0.0760
Berry

I 16 Service 233 0.050 4182 2257 0.00157 |0.042 3.958 0198 |0.065D
Berry

I 44 Yellow Twig 0.170 4455 0477 0.0o012 |0.071 4312 0.344 D 115D
Dogwood

I 4-2 Yeliow Twig 0.170 4558 {1124 D.DDC58 | C.053 4.382 0.254 {D.DBSD
Dogwood

Il 4-3 Yellow Twig 0.170 4136 |188%4 D.00112 | 0.04D 3802 0.189 |D.D62D
Dogwood

Il 4-4 Yellow Twig 0.170 3546 |3173 0.00201 | 0.032 3.290 0.144 |D.04BD
Dogwood

I 8-1 Mulefat 3.17 0.060 4668 [1338 0.00040 | D37 4311 0.177 10.0520

Il 8-2 Mulefat 3.17 0.060 4151 |2.108 0.00085 | 0.035 3.848 0.162 0.0530

115-3 Mulefat 317 0.060 4474 12375 0.001063 {0.033 4107 0.154 1D.051D

Il -4 Mulefat 3.17 0.060 3518 |2594 0.00112 | 0.030 3228 0.135 |D.042D

Il 9-1 Vally 3.17 0.160 4482 |08286 0.00089 |0.033 4.387 0.413 {0.1350
Elberberry

II8-2 Vally 3.17 0.160C 4365 |1400 0.001€3 |0.07C 4.283 0.32g {0.1130
Elberberry
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Table 5 (Concluded)
Plant Water |Mean Hydraulic
Densltx Depth |Velocity |Energy Radius A, Shear Ratio |Manning's
Run |Plants M, 1/m Yo m V. misec |Slope S |Avarage n [(bed) m V*/V (bed) |n (bad)
12-2 |83 Black Willows, 50 3.58 1428 0551 0.00113 |0.046 1.353 0.220 0.074
Red Willows
12-3 |83 Black Wiliows, 50 3.58 1.388 07863 0.00210 |{D.045 1.320 a.215 0.072
Red Willows
124 |83 Black Willows, 50 3.58 0.806 0.210 0.00333 |D.041 0.887 0.186 0.058
Red Willows
12-5 |83 Black Willows, 50 3.68 0.821 0.7889 0.00326 |0.045 0.791 0.202 0.062
Red Willows
12-6 |83 Black Willows, 50 3.58 0.776 Q726 0.00228 |0.040 0.743 0178 0.054
Red Willows
12-7 |83 Black Willows, 50 358 0.680 0638 0.00175 |0.035 0.647 0.151 0045
Red Willows




Table 6
Summary of Large Flume Results with Mixed Plant Groupings (Non-Sl Units)

Plant Water |Mean Hydraulie
Densit Dapth |Velocity |Energy Radius Ry | Shear Ratio | Manning’s

Run | Plants M, 1ft Yo, ft V. fUs Slope & |Average n _|(bad), ft VvV (bed) |n (bed)

2-1 120 Service Berry, 68 038 4.838 1.159 0.00084 |0.062 4.483 0.300 0.101
Yellow Twig Degwood,
68 Euonymus

2-2 120 Service Berry, B8 C.38 4.588 1.584 0.00122 |0.054 4.407 0.258 0.087
Yellow Twig Dogwood,
68 Euonymus

2-3 }20 Service Berry, 88 D32 4.222 2161 0.00218 |D.052 4.081 0.248 0.082
Yallow Twig Dogwood,
53 Euonymus

2-4 {20 Sarvice Bemy, 68 C.38 2978 2434 0.00398 |0.055 2.886 0.248 0.078
Yellow Twig Dogwocd,
B8 Euonymus

2-5 {20 Service Berry, 68 0.3g 3.098 1.837 D.00253 | D.058 3.014 0.270 0.085
Yellow Twig Dogweod,
B8 Euonymus

2-6 {20 Service Berry, 68 0.39 2.24¢g 2557 0.00551 |D.D55 2167 0.244 0.073
Yallow Twig Dogwood,
B8 Euonymus

3-1 i68 Yellow Twig 0.34 4 627 1.181 0.000B8 | 0.055 4.439 0.285 o.08g
Dogwood, 68 Euonymus

3-2 |68 Yellow Twig 0.34 4.152 1.781 0.00125 |D.048 3.966 0.228 0.075
Dogwood, 68 Euonymus

3-3 {68 Yellow Twig 0.34 2.388 2.084 D.00220 |D.D50 2318 0.222 0.087
Dogwood, 68 Euonymus

3-¢ 188 Yellow Twig 0.34 3222 1.852 0.00126 |0.050 3103 0.228 0.072
Dogwood, 68 Euonymus

7-1 122 Mulefat, 70 Alders D.23 4.370 1.201 0.00107 | 0.068 4.243 0.318 0.108

7-2_ 122 Mulefat, 70 Alders 0.23 4.411 1.486 0.00102 | 0.052 4.227 0.248 0.083

7-3 {22 Mulefat, 70 Alders 0.23 3.766 2048 0.00173 |0.047 3.605 0.218 0.071

7-4 122 Mulefat, 70 Alders 0.23 3.301 2772 0.00385 |0.050 3.189 0.230 0.073

8-1 {22 Mulefat, 70 Aloers, 660.39 4.508 1.601 0.00228 |[0.073 4.389 0.355 0118
Valley Elderberry

8-2 {22 Mulefat, 70 Alders, 66 {0.38 4.397 1.876 0.00292 |0.070 4.280 0.338 0.113
Valley Elderberry

8-3 {22 Mulsfat, 70 Alders, 66 |C.38 4.517 2483 0.00427 |0.065 4.386 0.316 0.106
Valley Elderberry

8-4 {22 Mulsfat, 70 Alders, 650.38 3.801 1.750 0.00315 |D.075 3.820 0.354 0.118
Valley Elderbery

8-5 {22 Mulefat, 70 Alders, 66 | 0.32 3.650 1.860 0.00372 |0.075 3.578 0.252 0.114
Valley Elderberry

8-6 {22 Mulefat, 70 Alders, 66{0.32 3.826 2225 0.00320 |0.065 3731 0.308 0.1c0
Valley Eldarberry

11-1 {23 Salt Cedar, 83 Black |0.3¢ 4.702 2158 0.00280 |0.062 4.560 D.302 0.102
Willows, 50 Red Willows

11-2 {23 Salt Cedar, 83 Black [0.3¢ 4.330 2604 0.00445 |[D.082 4.209 D.297 0.089
Willows, 50 Red Willows

11-3 {23 Salt Cedar, 83 Black }0 3¢ 4718 1.317 0.00158 |[0.075 4.602 0.367 0.124
Willows, 50 Red Willows

114 {23 Salt Cedar, 83 Black |0.28 3.133 1731 0.00314 |{0.070 3.088 0.223 0.102
Willows. 50 Red Willows

11-5 {23 Salt Cedar, 83 Black [0.39 2583 2120 0.00471 |0.085 2532 0.2¢1 0.08%
Willows , 50 Red Willows

11-6 {23 Salt Cedar, 83 Black {0.38 2669 3147 0.00834 |0.058 2810 0.267 0.082
Willows, 50 Red Willows

117 } 23 Salt Cedar, 83 Black {0.39 2182 2383 0.00456 |0.053 213D 0.236 0.07C
Willews. 50 Red Willows

12-1 {83 Black Willows, 50 0.233 4646 1.162 0.00078¢ |C.080 4432 0.291 0.098

Red Willows
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Table 6 (Concluded)
Plant Water | Mean Hydraulic
Densitzy D=pth |Velocity |Energy Radius R, Shear Ratio | Manning’s
Run i Plants MR Yo ft V, s Slope S |Avarage n_|{bad), ft VV(bed) |[n(bad)
12-2 {83 Black Willows, 50 0.333 4. 677 1.802 0.00113 |0.04B 4.440 0.220 0.074
Rad Willows
12-3 § 83 Black Willows, 50 0.333 4.554 2.503 0.00210 |0.045 4.330 0.215 0.072
Red Willows
124 {83 Black Willows, 50 0.333 2.974 2.984 0.00333 | 0.041 2845 0.186 0.058
Red Willows
125 {83 Black Willows, 50 0.333 2.693 2590 0.00326 |0.045 2.586 0.202 D.082
Red Willows
12-6 § 83 Black Willows, 50 G332 2.547 2381 0.00228 |0.040 2438 0178 0.054
Red Willows
12-7 {83 Black Willows, 50 0.333 2232 2257 0.c0175 |0.085 2123 0.151 0.045
Red Willows
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El Rio Watercourse Master Plan and Area Drainage Master Plan

Investigations and Development of Existing Conditions Model
Environmental Issues

WASS Gerke and Associates, Inc.

SOIL

CHAPTER 4

BACKGROUND

Soils and sediments serve as a substrate for wetland, riparian, and terrestrial vegetation.
Soil properties such as mineral content, permeability, and moisture holding capacity can
influence the species of vegetation. Further, the quantity and quality of the water used to
“irrigate” vegetation will influence the soil salinity and structure of the soils. Source
water high in TDS will likely increase the salinity of the soil which in turn will reduce the

number of vegetative species capable of surviving.

Select contaminants may also partition onto the surfaces of soil particles. Contaminated
particles are then transported via runoff to the receiving water bodies where they can
influence water quality and impact both flora and fauna. Historically, sediment sampling
and quality analysis has been conducted in the El Rio project reach. These data were
collected from the late 1960°s through the early 1990°s and are presented and discussed
in the Lower/Middle Gila River Study and Painted Rocks Lake Phase I, but have not as
yet been incorporated into the GIS sediment layer. Given the age of the data and
transient nature of sediment transport, it is recommended that once locations are selected
for potential restoration activities, near surface and deep sediment sampling and testing
should be conducted that at a minimum include percent clay, percent silt, percent sand,

soil EC and moisture status.
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The remainder of this technical memorandum provides the regional soil classifications
‘ located in the overall El Rio Project reach. The general soil classifications are then
subdivided and the soil coverage as shown on the GIS soils layer are discussed with

respect to there locations within the project, composition, and hydrologic properties.

Regional Soil Character
Soil Classification information was obtained from the Soil Survey of Maricopa County,

Arizona, Central Part, published in 1977 by the USDA Soil Conservation Service.
There are eight general soil classifications occurring in project area.

e Gilman-Estrella-Avondale association is characterized by nearly level loams and
clay loams on valley plains and low stream terraces.

e Carrizo-Brios association nearly level to gently sloping gravelly sandy loams and
sandy loams in stream channels and on low stream terraces.

e Laveen-Coolidge association is characterized by nearly level sandy loams, loams,
and clay loams on old alluvial fans and valley plains.

. e FEbon-Pinamt-Tremant association is characterized by nearly level to gently
sloping gravelly loams, very cobbly loams, and gravelly clay loams on old
alluvial fans at the base of mountains.

e Casa Grande-Harqua association is characterized by nearly level to sloping,
saline-alkali loams, sandy loams, and gravelly clay loams on valley plains.

e Cherioni-Rock outcrop association is characterized by gently sloping to very steep
very gravelly loams and Rock outcrop on mountains, buttes, and low hills.

gravelly, cobbly, and stony throughout; on recent alluvial fans at the base of
mountains.

e Antho-Valencia association is characterized by nearly level sandy loams on recent
alluvial fans and valley plains.

i
e Torrifluvents association is characterized by nearly level sloping soils that are
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. Project Soil Coverage

Soil coverage GIS maps of the project area are included in Appendix A. Tables 1, 2, 3,

and 4 summarize the types of soil, location, and prevalence in four areas of the project.

The Upper reach of the El Rio Project area begins at the confluence of the Agua Fria

River. The Agua Fria is a perennial wash, composed primarily of loose sand and gravel

material. Table 1 summarizes the types of soil, location, and distribution, near the

confluence of the Gila and Agua Fria Rivers.

Confluence of Gila River and Agua Fria

Table 1

Location Distribution | Percent | Symbol | Classification
Agua Fria River Channel Dominant 95% CF Carrizo and Brios soils
Agua Fria River Channel Significant 3% Cb Carrizo gravelly sandy loam
Agua Fria River Channel Significant 2% Bs Brios sandy loam
Agua Fria River Channel Banks | Scattered <1% Br Brios loamy sand
Agua Fria River Channel Banks | Scattered <1% Bt Brios loam
. Agua Fria River Channel Banks | Scattered <1% Vg Vint loamy fine sand
Agua Fria River Channel Banks | Significant 2% Vh Vint fine sandy loam
Agua Fria River Channel Banks | Scattered <1% Vk Vint loam
North Bank Gila River Scattered 4% Ge Gilman fine sandy loam,
saline-alkali
| North Bank Gila River Scattered <1% Gh Gilman loam, saline-alkali
‘ North Bank Gila River Scattered <1% Aa Agualt loam
; South Bank Gila River Scattered <1% Gh Gilman loam, saline-alkali
| South Bank Gila River Significant 4% Rs Rock outcrop - Cheriono
complex
South Bank Gila River Dominant 22% Gga Gilman loam, 0-1% slope
South Bank Gila River Scattered <1% Ge Gilman fine sandy loam
South Bank Gila River Scattered <1% Vh Vint fine sandy loam
South Bank Gila River Scattered <1% Bs Brios sandy loam
South Bank Gila River Scattered <1% Bt Brios loam

The Upper reach of the El Rio Project area, is composed primarily of a gravelly, sandy

loam channel. Table 2 summarizes the types of soil, location, and distribution in the reach

between Agua Fria and Waterman Wash.
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Table 2

Upper Reach of Gila River between Confluence of Agua Fria and Waterman Wash

Location Distribution | Percent Symbol | Classification

River Channel Dominant 89% CF Carrizo and Brios soils

River Channel Significant 5% Br Brios loamy sand

North Bank Dominant 8% Br Brios loamy sand

North Bank Significant 3% Bs Brios sandy loam

North Bank Scattered <1% Bt Brios loam

North Bank Scattered <1% Vh Vint fine sandy loam

North Bank Scattered <1% Cn Cashion clay, saline-alkali

North Bank Dominant 22% Gga Gilman loam, 0-1% slope

North Bank Scattered <1% Aa Agualt loam

South Bank Scattered <1% Go3 Gilman, Antho, and Glenbar
soils

South Bank Scattered <1% Ld Laveen loam, saline-alkali

South Bank Scattered <1% Aa Agualt loam

South Bank Scattered <1% Ge Gilman fine sandy loam

South Bank Scattered <1% Al Antho association

South Bank Scattered <1% Rs Rock outcrop - Cheriono
complex

Waterman Wash is composed primarily of stratified sediments, recently deposited by the

intermittent stream flows. Table 3 summarizes the types of soil, location, and distribution

in the reach near Waterman Wash.

Table 3

Gila River at Confluence with Waterman Wash

Location Distribution | Percent Symbol Classification

Waterman Wash Main Dominant 87% Td Torripsamment and

Channel Torrifluvents, frequently
flood

Waterman Wash Banks | Scattered <1% Afa Antho-Carrizo complex

Waterman Wash Banks | Scattered <1% Vg Vint loamy fine sand
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. Table 3 Cont.

Location Distribution | Percent | Symbol | Classification

Waterman Wash Banks Scattered 2% Vh Vint fine sandy loam

Waterman Wash Banks Scattered 3% Bt Brios loam

Waterman Wash Banks Scattered <1% Br Brios loamy sand

Waterman Wash Banks Scattered Go3 Gilman, Antho, and
Glenbar soils

Waterman Wash Banks and Significant 30% Gh Gilman loam, saline-alkali

Confluence

North Bank across from Scattered <1% Aa Agualt loam

Waterman Wash

North Bank across from Significant 5% Br Brios loamy sand

Waterman Wash

North Bank across from Significant 11% Gga Gilman loam, 0-1% slope

Waterman Wash

North Bank across from Scattered >1% Ggb Gilman loam, 1-3% slope

Waterman Wash

North Bank across from Scattered >1% GPI Gravel Pit

Waterman Wash

North Bank across from Scattered >1% Bt Brios loam

Waterman Wash

The Lower reach of the El Rio Project area, is composed primarily of a gravelly, sandy
loam channel. Downstream of Waterman Wash, the south bank of the Gila River is
dominated by rock outcrops. Table 4 summarizes the types of soil, location, and

distribution between Waterman Wash and S.R. 85.
Table 4

Lower Reach between Confluence of Waterman Wash and State Route 85 Bridge

Location Distribution | Percent | Symbol | Classification

River Channel Dominant 98% CF Carrizo and Brios soils

Unnamed wash at Miller Road | Scattered >1% Afa Antho-Carrizo complex

Unnamed wash at Miller Road | Scattered >1% Ac Antho sandy loam, saline
alkali

Unnamed wash at Miller Road | Scattered >1% Bs Brios sandy loam

North Bank Gila River Dominant 22% Gf Gilman fine loam, saline
alkali

North Bank Gila River Significant 16% Gh Gilman loam, saline alkali

North Bank Gila River Scattered >1% GPI Gravel Pit

‘ North Bank Gila River Scattered 2% Vh Vint fine sandy loam
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Table 4 Cont.

‘ Location Distribution | Percent | Symbol | Classification

North Bank Gila River Scattered >1% Ap Avondale clay, loam,
saline alkali

North Bank Gila River Scattered >1% Vk Vint loam

South Bank Gila River Dominant 31% Co Cheriono-Rock outcrop
complex

South Bank Gila River (near SR | Dominant 8% Vh Vint fine sandy loam

85)

South Bank Gila River Scattered >1% Gh Gilman loam, saline alkali

South Bank Gila River Scattered 3% Gf Gilman fine loam, saline
alkali

HYDROLOGIC PROPERTIES

Hydrologic properties of each soil type depend on the composition and formation. The

composition of each of the six soil major soil associations are list below:

Gilman-Estrella-Avondale association is derived from a wide variety of rock,

. including granite-gneiss, schist, andesite, rhyolite, basalt, and quartzite.

e (Carrizo-Brios association was formed in recent alluvium, and derived from a wide

mixture of acid and basic igneous and metamorphic rocks. This region is subject

to occasional flooding.

e Laveen-Coolidge association was formed in alluvium derived from granite-gneiss,

schist, limestone, andesite, rhyolite and basalt.

e Ebon-Pinamt-Tremant association was formed in old gravelly alluvium that was

derived from a wide mixture of granite, granite-gneiss, schist, andesite, rhyolite,

and quartzite.

e (Casa Grande-Harqua association was formed in old gravelly alluvium that was

derived from a wide mixture of granite, gneiss, schist, rhyolite, tuff and limestone.
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e Cherioni-Rock outcrop association are soils formed over granite-gneiss, schist,

andesite, basalt, and tuff bedrock.

Soils can be measured and characterized by permeability. Table 5 lists the range of

permeability of each soil series within our project reach.

Table 5

Permeability of Project Area Soils by Series

Series Symbols Permeability
(in/hr)
Agualt Aa 0.6-2.0
Antho Ac, Afa, Al, Ap 2-6
Avondale Ao 02-2
Brios Br, Bs, Bt 2-20
Carrizo Cb, CF 2-20
Cashion Cn 0.06-0.2
Cherioni CcO 0.6-2
) Ge, GgA, GgB,
Gilman Gf Gh, Go3 02-2
Laveen Ld 0.6-2
Rock out crop RS -
Torripsamments TD -
Tremant i 02-2
Vint Vg, Vh, VKk, 2-6

(Note: No value estimates reported for Rock Outcrop and Torripsamments.)

AGRONOMIC PROPERTIES

Vegetation types supported by each of the soil classifications include the following:

e Gilman-Estrella-Avondale association supports native vegetation such as

creosotebush, cactus, annual weeds and grasses, and scattered mesquite and

paloverde trees.
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‘ e Carrizo-Brios association supports vegetation complexes of saltcedar, arrowweed,

creosotebush, and saltbush.

e Laveen-Coolidge association supports native vegetation such as creosotebush and

scattered mesquite and paloverde trees.

e Ebon-Pinamt-Tremant _ association supports vegetation complexes of

creosotebush, bursage, cactus, and scattered mesquite and paloverde trees.

e (Casa Grande-Harqua association supports vegetation complexes of saltbush,

creosote, cactus, and scattered mesquite and paloverde trees.

e Cherioni-Rock outcrop association supports minimal vegetation in cracks that

have collected silts. Vegetation includes creosotebush, bursage, cactus, and

‘ scattered mesquite and paloverde trees.

Soil Salinity 1

The El Rio reach of the Gila River is historically an area of increased salinity because of
the large contributing watershed and the arid conditions characteristic of the El Rio
project area. Native Riparian trees species such as Freemont Cottonwood (Populus
freemontii) and Gooding’s Willow (Salix gooddingii) require relatively low soil EC
values for sustainable growth (Anderson 1995). Data developed by Jackson et al (1990)
was used to select soil salinity threshold values, measured as electrical conductivity (EC),
for sampling cottonwood and willow of 3.0 mmhos/cm. Similar data support soil EC
threshold values for honey mesquite (Prosopis glandulosa) and screwbean mesquite
(Prosopis pubescens) were 8.0 and 9.4 mmhos/cm respectively. In comparison, the

threshold for salt cedar was approximately18.5 mmhos/cm.
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SOIL DATA

Limited soil analysis of the project area has been preformed to date. As previously
mentioned, ADEQ has completed historical sediment sampling in the EI Rio Project
reach, primarily at or near the Buckeye Canal. Also noted is the preliminary soil
investigation for the Town of Buckeye Lake Project (URS/BRW 2001). The proposed
project site is located south of Miller Road in the 100-year flood plan of the Gila River.
Four bore holes were drilled to a depth of approximately 40 feet. Drilling reached the
groundwater table at between 7 to 8.5 feet in all wells. The surficial layer was between 1
to 3 feet below grade, and contained silty sands, sandy silts, and silty gravel. Below this
layer was a 10 to 20 foot thick layer of predominately sandy and silty moist clay. Details

on this soil analysis are included in Appendix B.

RESTORATION CONSIDERATIONS

Soil texture (i.e. percent clay, percent sand, and percent silt), soil moisture holding
capacity, and soil EC (salinity) are major factors in the success of revegetation efforts. In
general, the project area soil types are moderately draining, sandy loams. Such soils will
likely support a variety of wetland, riparian, and desert riparian scrub-shrub species as

long as soil EC values are at or below soil EC threshold values.

DATA GAPS

Soil testing should be performed at all locations being considered for vegetation
restoration or enhancement. This is important because of the lack of current soil data, due
in part to the age of existing soil data sets, the variability in the quality of source water(s),
past and present anthropogenic activities occurring within the regional and local
contributing watersheds, and the existing dominant vegetative cover in the El Rio project
reach. Sampling should consist of test pits as well as soil borings. Agronomic testing

should consider the following parameters:

e pH e 9% Organic Matter
e Soil EC e Nitrate - N
e Free Lime e Available Nitrogen
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e Bicarbonate Phosphorous e Jron

e Potassium e Manganese

e Magnesium e Zinc

e (Calcium e Boron

e Sodium e Sulfate Sulfur

e Sodium Adsorption Ratio e Pesticides

e Copper e Herbicides
SUMMARY

There are two primary concerns with respect to soils related to the establishment and
maintenance of native riparian and wetland plant species in the El Rio reach of the Gila
River. First is the salinity content of the soils. Although soil data are lacking in the
project reach, vegetation character and the appearance of salt deposits on the soil surface
imply that soil EC values probably increase in the direction of river flow. This is logical
as the El Rio reach of the Gila River is historically an area of increased salinity since its
is located near the downstream end of the large contributing watershed and the arid
conditions characteristic of the El Rio project area. In addition, the presence of salt
tolerant vegetation indicate that the existing soil conditions of the El Rio project reach is
probably on the saline side of the scale. Native riparian trees such as Freemont
Cottonwood (Populus freemontii) and Goodings Willow (Salix goodingii) tolerate
relatively low soil EC values for sustainable growth (Anderson 1995). Data developed
by Jackson et al (1990) was used to select soil EC threshold values for sapling
cottonwood and willow of 3.0 mmhos/cm. Similar data support soil EC threshold values
for honey and screwbean mesquite of 8.0 and 9.4 mmhos/cm respectively. In

comparison, the threshold for salt cedar was approximately 18.5 mmhos/cm.

Select contaminants such as heavy metals and hydrophobic pesticides and herbicides may
also partition onto the surfaces of soil particles. Contaminated particles are then
transported via runoff to the receiving water bodies where they can influence water
quality and impact both flora and faunal fitness. Historically, sediment sampling and

quality analysis has been conducted in the El Rio project reach but it is dated and likely
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of a resolution that is insufficient to make prudent restoration decisions. The existing
data does indicate the potential for extreme soil EC values and contamination from
organic compounds and heavy metals to occur in the project reach. As such, and due to
cost considerations, it is recommended that the agronomic testing presented above be

conducted on soils at sites where active restoration is proposed to take place.
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SAMPLES

[ y BORING LOG: B-1
BORING LOG | ste=r
PROJECT #: E3-47033001.00

PROJECT: Buckeye Town Lake CONTRACTOR: Envior-Drifl, Inc.
LOCATION: NE corner of Haren & Millar Rds. DRILLER: J. Sutton

CLIENT: Town of Buckeye INSPECTOR: Jeff Heyman

SAMPLE SOIL (Blows/8 in.)

_g. E’ DEFTH | & | >

@ (4 o 5 -2 E 2 VISUAL MATERIAL CtASSIFICATION

z 5 > z i o g = Efo 6 { 6/12 [12118] N [REC.

Bzl g lg(e|35gl8 Sz

oiF1 S (6|l z (5 E °|E 2

L S 7 25 [265 10} 20 | 30 | 50 { 100 [

L | Tewtysanp, T TTTTTTTTooo
fine to coarss grained, subanguiar, trace
fine to coarse angular grave), dense, wet,

o - light brown

L-30 -

80 Faw cobbles, becomes very dense balow

| s | 8 30 315 20 | 30 {5037 G | 5O | 3t feet

_35 f—

P 2 35 [36.5) 17 25| 23 | 25 § 48 | 100

| saNpyelay, T TTTTTTTIomo

I traca sit, fow to medium plasticity, stiff, wet,
brown:

| 10 40 |a15 8t a5 )9 |00

i Euger stopped at 40'. Sampler stopped at

141.5". Groundwater encourttered at
- | Ppproximately 7'. Boring backfilled with grout
rom botios to upper 2 feet and with sof from
= R festfo suriace.
45 -
- 0k




BORING LOG: B-2
PROJECT #: E1-47093001.00
PROJECT: Buckeye Town Lake CONTRACTOR: Envior-Drill, Inc. HOLE LOCATION: NW comer ot 4th X Sunrise Rds..
LOCATION: NE corner of Hazen & Miller Rds. DRILLER: J. Sutton CCORDINATES. N: N/A
CUIENT: Town of Buckeye INSPECTOR: Jetf Heyman E: VA
RIG TYPE: CME-7% REF. ALIGNMENT: WA
DRILLING METHOD: Hollow Stem Auger, 8" 0.D. STYATION: WA
HAMMER TYPE; Automatic OFFSET: N/a
COMMENTS: SURFACE ELEV.: NJA
DATUM: N/A
START DATE: 7/02/01 START TIME: 8:50
END DATE: 7/02/01 END TIME: 10:25
Casing [ Split Spoon | Shelby Tuba Piston Ring Sampie| Cors Bamel GROUNDWATER DATA
Date Time Water Casling Hole
TypsSymbol s |uvlll | A |~ ad|cli Depth () | Depth (#) | Depth (ft) ‘
LD, 1.375% 2.50” 7/02/3110:25 8.5 N/A 40
c.0. 2" 3.25%
Length 24" 12¢
Hammer Wt 140 Ibs Dl Rod Size AW ‘
Hammer Fall 30" 1.D. (D.D.) 2" {8")
SAMPLE SOIL (Blows/6 in.)
§ § DEPTH | & | 2
blYy o o ol N B2 VISUAL MATERIAL CLASSIFICATION | &
z |5 z 418 = 2| 4 fos|en2hizte N [REC. &
HEEIBEHE HEINEE H
a|Z| S jcfFr|znlE|C(E]5 I
& SANDY SILT,
2 ML S * 0 |15 5 S 4 o |80t nen-plastic, foose, dry to moist, brovn ]
I | sawpycLay, T TTTTTTC ]
r s 2 251] 4 12 2 3 3 8 | 30 [ litte silt, low to medium plasticity, medium *
L | stiff, moist, brown B
® | [ ‘ -
L S 3 5 |65 3 3 5 8 100 L )
= [ TsiTysanp, T TTTTTTTOoS |
- i [~ predominantiy fine to medium, subangular, E
10 i loose, with clay seams of low plasticity, _
I~ brown, moist 1a wet
L s 4 10 f11.5 3 2 5 7 100 N
i sM | |
= 3 5 E 15 1165 27 [ 20 { 23 | 43 | 100 -
- L~ POORLY GRADED SAND, -
fine to coarse grained, subangular to
- | angular, few gravels and cobblas, non- 7
= L. plastic, dense, light brown, wet. -
-20 sp == - -
8 E 20 [21.5] NP 6 14 [ 20 [ 34 | 100 L 4
-25 2 J . 4




BORING LOG: B-2
SHEET

PROJECT # E1-47083001.00
CONTRACTOR: Envior-Drill, ine.

BORING LOG

— |PROVECT: Buckeye Town Lake

LOCATION: HE comner of Hazen & Milter Ras, DRILLER: J. Sutton
CLIENT: Town of Buckeye INSPECTQR: Jeff Heywman
|

- SAMPLE ,750". (Blowsss in)

=

gL DEPTH | & | =

Gy o o |4 D ¥ g VISUAL MATERIAL CLASSIFICATION | g
S lrm £ W o 2 B (o6 |62 1218 N [REC. o

El5 8 |zlelsl2(s]| |88 &

< o f=}
HEIEREI R E nE|RI2]E 5
7 25 |265 18 14 14 | 28] ap

Becomes medium dense at 25 feet. 1

3 |315 2] 9 11010} i

fine to coarse sub-angular to angular Qrave)
and sand, few cobbles, non-plastic, very
F dense. wet, light brown T

35 |365{ NP 18] 25 [ 40 | 55 | 50 N

trace silt, iow to medium plasticity, very stiff,
wet, brown

40 {415 21147 | 21 | 38 | 100 j

uger stopped at 40'. Sampler Stopped at
1.5 Groundwater encountered at 1

pproximately 8.5 Boring backfilled with
rout from bottorn 1o upper 2 feet and with
il from 2 iset to surface. -




BORING LOG: B-3
PROJECT #: E1-47092001.0G
PROJECT: Buckeye Town Lake CONTRACTOR: Envior-Drill, Inc. HOLE LOCATION: SW cornsr of Sunrise & Narton
LOCATION: NE corner of Hazen & Miller Rds. DRILLER: . Sutton COORDINATES. N: VA
CLJENT: Town of Buckeye INSPECTOR: Jeff Heyman E: NA
RIG TYPE: CME-75 REF. ALIGNMENT: NJA
DRILLING METHOD: Hallow Stem Auger, 8 O.D. STATION: NVA
HAMMER TYPE: Automatic OFFSET: N/A
COMMENTS! SURFACE ELEV.: NJA
: DATUM: N/A
START DATE: 7/02/01 START TIME: 10:45
END DATE:; 7/02/01 END TIME: 12:45
Casing | Split Speon| Sheiby Tubc Pistort Ring Sampic] Core Basrel GROUNDWATER DATA
3 A Date Time Waler Casing Hole
TypesSymbol S N u [[l P k| R [l c l I Depth (fty | Depth (1) | Depth ()
1.D. 1.375" 2.50* 7/02/0112:45 8.5 N/A 40
o.D. 27 3257
Length 24" 12°
Hammer Wt. 140 ibs Drilt Rod Size AW
Hammer Fali 30% 1.D.{0.D.) 2" {8Y)
SAMPLE SOIL (Blows/8 in.)
§ g DEPTH | & | =
wiy a c LD JHi g VISUAL MATERIAL CLASSIFICATION @
- |& I u /o = | W o/ |62 12118 N [REC. |
ElWl o ||| a gl = Ll a a
izl g (21|35 8la|g |k 2
aiz| S |l L z |a| £ [ =T = 0
R - SANDY SILT,
pe S 1 0115 2p3 1218 (%0} non-plastic, loose, dry to moist, brown ] E
- ~ SANDY CLAY, E
0 v | little silt, fow to medium plasticity, medium ]
2 N 25| 4 13 3 3 4 7 | 100 stiff, brown
. —5 v [~ Becomes stiff at 5 fest -
L 3 5 | 65 3 4 3 10 [ 100 & 1
L L N
. - L 4
2 =] e F Ol b F bl o4 FOF Ol bBeemessoooooo o N
SILTY SAND,
10 i~ predominantly fine lo medium grained, =
| 4 E 10 |115 3 5 5 |10 [ 100 §. Subangular, Ioose, with seams of low 4
plasticity clay, moist to wat, {ight brown.
—15 = - -
- 5 M 15 | 185 22 150-5" 50-5°) 40 L pDORLY GRADED GRAVELS, E
with silt and sand, fine to coarse, ;
- | subangular to angular gravel, nor-plastic, 7 3
3 - wet, very dense. j
~20 L = =
N 8 M 20 |295 33 :50-5" 50-57 50 [ 4
* |




B

|_BORING LOG: B-3 r
SHEET

PROJECT #: £1-47093001,00
— | PROJECT: Buckeye Town Lake CONTRACTOR; Envior-Diill, Ine.
LOCATION: NE comer of Hazen & Miller Rds, DRILLER: J. Sutton
CLIENT: Town of Buckeye _I INSPECTOR: Jeff Heyman
- SAMPLE SOMN. (Blows/B in.}
=3 ]
[ % DEPTH i [
oy e (L7 |¥a VISUAL MATERIAL CLASSIFICATION
NERE: 818 = 5|5 wsfen2
bk Ei5E81.128;
o|= =i 5| £ - =(o
| S| 7 25 265 15| 20 | 23
l» Becomes dense
-30 -
| 8 8 30 315 2 )25 118 a3} 30 [
~ }‘ Becomes medium dense
a5 -
| 9 35 |385 12110 | 8 |18 100
4 SANDYCLAY, T TTTTTTTmoes
CL 10 40 [41.5 12 ] 33 9 | 221100 trace silt, low to madium plasticity, very stiff,
wet, brown
Auger stopped at 40'. Sampier stopped at
41.5". Groundwater sncountered at
pproximately 8.5 Boring backfilled with
jarout from bottom to upper 2 feet and with
oil from 2 feet 1o surtace.
as

s
L=}
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BORING LOG

BORING LOG: 84

PROJECT #; E1-47093001.00

PROJECT: Buckeye Town Lake
LOCATION: NE comer of Hazen & Miller Rds. DRILLER: J. Sutton

CONTBACTOR: Envior-Drill, inc.

HOLE LOCATION: NW corner of Hazen & 4th

COORDINATES. N: N/A

CLIENT: Town of Buckeye INSPECTOR: Jeff Heyman E: NA
RIG TYPE: CME-75 REF. ALIGNMENT: N/A
DRILLING METHOD: Hollow Stem Auger, 8* 0.D, STATION: WA
HAMMER TYPE: Automatic OFFSET: N/A

COMMENTS: SURFACE ELEV.: NA
DATUM: N/A
START DATE: 7/03/01 START TIME: 7:00
END DATE: 7/03/01 END TIME: 9:45
Casing | Split Spoan| Shalby Tube Piston Ring Sample| Corc Barref GROUNDWATER DATA
Date Time Water Casing Hoie
[Type/Symbot S E u m P n R l] C ” Depth{ft) | Depth(R) | Depth {#t)
1.D. 1.375" 2.50" 7/03/01 9:45 8.0 N/A 40
Q.D. 2 3.25"
Lengih 24° 12"
Hammer Wt 140 Iba Drill Red Size AW
Hammer Fall 30" 1.D. {0.D.) 2" (8°)
SAMPLE SOIL (Blows/s in.)
= ]
c|u DEPTH | & | &
By o e | F/m | g2 VISUAL MATERIAL CLASSIFICATION | 8
r |E * Q E g o6 | €/12 12/18; N |REC, =
FlY] o jaiw m |(@f = @ &
Szl isie|3|12l8 |0l |k -
sl Siesj-|jz|aE|R}=a o
S5F
GP \ SANDY GRAVEL,
3 s 1 0 |15 1047 5 3 8 | 580 L%\ \With sf, moist, light brown i Ny
o ~ SANDY CLAY, -
| [ Jittle silt, Jow to medium piasticity, soft,
s 2 25| 4 | 10 1 2 | 2} 4 100 moist, brown N
i cL - .
_5 — -~
2 / s 3 5 {65 35 |8 |43 f100L i
| Tewaysamo, T ;
- predominantly fine to medium grained, b
| subangutar,few fina to coarse gravels, non- _
plastic,medium dense, wet, brown
S 4 10 |15 4 8 12 120 | 30 L .
| " POORLY GRADED GRAVEL, i
I~ with silt and sand, fine to coarse angular 1
| gravel with fine to medium sub-angular |
sand, few cobbles, non-plastic, very
- dense, wet, brown -
S 5 15 j18.5 150-6" 50-8" 30 L J
|- Becomes dense -




- BORING LOG: B-3
BORING LOG | sheer
PROJECT ¢: E1-47033001.00
~ | PROJECT: Buckeye Town Lake CONTRACTOR: Envior-Drill, tnc.
LOCATION: NE carmer of Hazen & Miller Rds, ) DRILLER: J. Sutton
CLIENT: Town of Buckeye INSPECTOR: Jeff Heyman
T2 { SAMPLE SOiL (Blows/g in.)
2[4
g | DEPTH ;‘; E
gy o o [ _FD : ?u VISUAL MATERIAL CLASSIFICATION | @
‘:E gi' E w g g = 5 a |06 612 12118] N IREC. a
Els §> (&3 I8¢ ol =
Q= 3 (d| & Z |a| £ gl = o &
| S 7 25 1265 114 1327 30 L _J
130 [~ Trace silt befow 20 feet.. N
. s 8 30 [31.5¢ NP 8 11 15 [ 26 {100 R
-35 = -
B 5 35 (365 17 (14 )18 | 32 J100( E
1
_.40 i =1
= 10 40 (415 12 § 6 M 00 | ]
- i Fuger siopped at 40", Sampler stopped at 7
(41.5". Groundwater encountered at
= approximately 8'. Boring backfilled with grout T
rom betiom to upper 2 feet and with scil from
- [ feet to surface. ]
-45 = N
i
1 L ]




Summary of Laboratory Test Results
Preliminary Geotechnical Assessment
Proposed Buckeye Town Lake

soniNG | DEPTH | MNUS ¢ | QTTER:'ER?‘ LMITS | uscs

(feet) 200 qui astic | Plasticity Symbol
Limit Limit Index

B 5 66 34 21 13 cL

B-1 35 38 38 21 17 cL

B-2 25 62 29 17 12 CL

B-2 20 1 NV NV NP SP

B-2 35 29 NV NV NP GM

B-3 25 71 29 | 1s 13 cL
B3 | 20 6 NV NV NP GP-GM

 Ba 25 73 29 19 10 cL
B-4 30 3 NV NV NP GP-GM
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El Rio Watercourse Master Plan and Area Drainage Master Plan

Investigations and Development of Existing Conditions Model
Environmental Issues

AQUATIC CONSULTING & TESTING, INC.

VECTOR AND NUISANCE INSECT POTENTIAL

CHAPTER 5

INTRODUCTION

Biology of Aquatic Systems

Freshwater aquatic systems include assemblages of aquatic plants and animals that function as an
ecological system. The terrestrial environment, especially marginal plants and animals, exerts a
strong influence on adjacent aquatic system functions. Aquatic plants range from microscopic
algae to macroscopic submerged, emergent, or floating weeds. Similarly, aquatic animals include
microscopic free-swimming (planktonic) or benthic invertebrates, larger invertebrates as aquatic
worms and insect larvae, and fish. These organisms provide the basis of predator-prey relations

and the aquatic food web (USEPA 1990, Cooke et al. 1993, McComas 1993).

Insects of Concern

When a balanced aquatic food web is maintained, few aesthetic or public health problems are
encountered in an aquatic system regardless of whether it is a pool, lake, or stream. However,
autochthonous (internal) or allocthonous (external) forces can cause disruption of the food web
and an imbalance in species composition. An internal mechanism such as redistribution of
nutrients from the sediment during thermal turnover can cause overabundance of plant species,
loss of oxygen in deep waters, changes in predator composition, and increases in anoxia-tolerant

benthic species. An external input such as stormwater runoff can cause a similar situation.
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Several organisms that normally play a beneficial role in aquatic systems can become problems
when the food web is unbalanced and their numbers dramatically increase. The primary aquatic

organisms that may become a concern in the El Rio project area are mosquitoes and midgeflies.

Vector Versus Nuisance Insects

Both mosquitoes and midgeflies can fall into the nuisance category and both are involved in

human, domesticated animal, and wildlife health issues.

Vectors are considered organisms that transmit disease. Fortunately in Arizona the absence of
biting midges precludes their involvement in disease transmission. However, numerous species
of mosquitoes found in central Arizona can transmit serious diseases to human and other animal

populations.

Nuisance insects are those that interfere with normal daily activities: work, recreation, aesthetic
enjoyment, and relaxation. Several mosquito species that are not involved in disease
transmission are voracious biters. Some attack during the day, while others are more active at
night. They can have a significant impact on working or recreating outdoors. Although they do
not bite, midge flies can be quite bothersome because of their swarming behavior. Adult flies can
fly into mouths and eyes of humans or animals that inadvertently cross their path. When adult
midges die, they leave sticky, hard to clean messes that result in increased property maintenance.

Allergic reactions to midgefly contact have been reported in hypersensitive individuals.

Creating and maintaining a balanced aquatic ecosystem and minimizing external adverse
influences on species composition will be important components of plan development for the El
Rio watercourse. In order to accomplish this task, basic knowledge of mosquito and midge
biology, anticipated species, habitat preferences and availability, and management options need

to be understood and evaluated in context of project gorals.

MOSQUITO BIOLOGY

Mosquitoes are winged insects belonging to the order Diptera and the family Culicidae. The
have a narrow abdomen, a long and slender proboscis, and have scales on the wing margins and

veins. Males have feather like antennae and mouthparts that are not adapted for piercing.
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Females have long slender antennae and a set of needle like organs in the proboscis for piercing

skin of animals and obtaining blood.

Mosquitoes may be divided into two groups: floodwater and stagnant water. Floodwater species
lay their eggs on soil that will be flooded at a later time, while stagnant water species lay their
eggs directly on the surface of water. Eggs may be deposited singly or as groups called rafts.
When the eggs hatch, larvae swim to the surface to breathe through a structure called the siphon.
The larvae go through several developmental stages before emerging from the water as winged-
adults. Many species can over-winter in the egg or mature larval stages. Some species are of
importance because of their ability to transmit disease, while others are problematic because of

their aggressive biting.
Some mosquito basics include:

e Mosquitoes must have water to complete their life cycle.

e As few as seven days are required to complete some life cycles during warm weather.

e Mosquitoes do not develop in grass or shrubs, although they may rest in these locations
during the day. Note: improperly irrigated turf, where stagnant water remains for several
days, can be a breeding site.

e Only female mosquitoes bite to obtain a blood meal. Male mosquitoes live on plant
nectar.

e The female mosquito can live for as long as three weeks during the summer or many
months over the winter in order to lay her eggs the following spring.

e Female mosquitoes, while in search of a blood meal, are attracted to carbon dioxide

which is a signal that an animal is near. They are also secondarily attracted to lights.
Mosquito Life Cycle

The life cycle of the mosquito, depicted in Figure 1, has four basic stages: egg, larva, pupa, and
adult. Most mosquitoes lay eggs singularly or in rafts on the surface of the water. The rafts can
contain between 100 and 400 eggs. Other mosquitoes (flood water forms) lay eggs on rocks and
vegetation in wait of submergence by rainfall or flooding. Eggs usually hatch within two to

three days of being laid or submerged by water.
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Figure 1: Mosquito Life Cycle
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Upon hatching, small wiggling larvae swim to the surface of the water to begin breathing
through their siphon. They feed on minute organic particulate matter and bacteria. The larvae go
through four molts (skin-shedding) to accommodate growth during the next two to 16 days,

depending on species. The organism during each of these stages is called an instar.

Following the fourth instar, the mosquito develops into a pupa. The pupa does not eat. Within
the pupa the mosquito develops over the next two days. When fully developed, the pupa skin
splits and the adult fly emerges.

The adult generally rests on the surface of the water until it is strong enough to fly away. The
mature adult males will feed on nectar while the females will search for blood meals to nourish
their eggs. Adults may fly from a few hundred yards to 14 miles in a night. Adults may live from
two to nine weeks, depending upon species, and some females may produce up to three batches

of eggs.

Chapter 5 Page 4




Mosquito Habitats

In general, mosquitoes prefer shallow, stagnant water with vegetative cover (indirect sunlight).
Oviposition (laying of eggs) can occur in a variety of habitats from temporary to semi-permanent
bodies of shallow water to stagnant water in artificial containers (cans, tires, bird baths, flower
pots, etc.). Some species prefer dark colored containers or environments (e.g., tree holes) or
organically rich water. Species-specific habitat preferences are described under the species

descriptions.

Running Waters

Few species breed in running waters. Anopheles quadrimaculatus and Culex territans have been

found in streams, but prefer other habitats.

Transient Waters

Transient waters, such as flooded areas, pools, and ditches are breeding grounds for mosquitoes
(typically Aedes and Psorophora species) that produce eggs that are resistant to desiccation. The
life cycles of these mosquitoes require alternating periods of wet and dry. Opportunist forms

such as Culex can also utilize transient waters during an extended wet period.

Permanent Waters

Permanent waters are present for an extended period of time and are usually associated with
aquatic vegetation such as rushes, sedges, or cattails. The vegetation provides refuge from
predators for the larvae. Typical mosquito gener<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>