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Chapter 1.0
INTRODUCTION

The Endangered Species Act of 1973, as amended, requires that any action authorized,
funded, or carried out by a Federal agency is not likely to jeopardize the continued
existence of any endangered or threatened species or result in the destruction or adverse
modification of habitat of such species. The proposed Va Shly’ay Akimel Environmental
Restoration project is one such project and therefore must meet those regulations. The
Proposed Action involves the restoration of approximately 1500 acres of wetland,
cottonwood/willow, mesquite, and Sonoran desert scrub shrub habitat along an
approximately 14-mile reach of the Salt River in Maricopa County, Arizona. The Salt
River Pima-Maricopa Indian Community (SRPMIC) and the City of Mesa are the local
sponsors of this restoration effort.

This Biological Assessment (BA) is prepared for the U.S. Fish and Wildlife Service
(USFWS), in compliance with the Endangered Species Act of 1973, as amended. This
BA is the U.S. Army Corps of Engineers (Corps) evaluation of the potential effects of the
Proposed Action on federally listed species or species proposed for listing. The analysis
also evaluates the potential effect on designated and proposed critical habitat for those
species, should it occur in the project area. This document is used to determine whether a
formal consultation or conference is required. Upon receiving an acceptable BA and a
request for consultation from a Federal agency, the USFWS enters into consultation with
the Federal agency. Should the determination of the effects of the Proposed Action be
“may affect but not likely to adversely affect” then informal consultation begins and
culminates with a letter of concurrence from the USFWS. Should the determination of
the effects of the Proposed Action be “may affect, likely to adversely affect”, formal
consultation will begin and culminate with a written Biological Opinion (BO), from the
USFWS. The BO determines whether the action is likely to jeopardize the continued
existence of a listed species or result in the destruction or adverse modification of critical
habitat (i.e., a jeopardy opinion), or the action is not likely to jeopardize the continued
existence of a listed species or result in adverse modification of critical habitat (i.e., a
non-jeopardy opinion). Both forms of opinion shall include reasonable and prudent
measures; if any, to be taken that will result in a reduction in the amount or extent of take.

The objective of this document is to provide the USFWS with the necessary information
on the anticipated impacts to federally listed species occurring, or with the potential to
occur, in the study area. The study area means all areas to be affected directly or
indirectly by the Federal action and not merely the immediate area involved in the action.
Extensive coordination with the USFWS Arizona Ecological Services Field Office
occurred as part of the plan formulation for this project resulting in features that will
enhance and increase the potential habitat for listed threatened and endangered species.



Chapter 2.0
PROPOSED ACTION - VA SHLY’AY AKIMEL ECOSYSTEM RESTORATION
PROJECT

2.1 PROJECT LOCATION

The study area is located in Maricopa County, Arizona, and includes portions of the Salt
River Pima-Maricopa Indian Community (SRPMIC) and the City of Mesa. The study
area is approximately 14 miles long, extending along the Salt River between the Pima
Freeway and Granite Reef Dam. The study area is approximately 2 miles wide and
comprises approximately 17,435 acres.

2.1.1 PROJECT AREA

The land surrounding the project area is made up of a patchwork of jurisdictional and
political boundaries between the City of Mesa, unincorporated areas of Maricopa County,
and the SRPMIC.

Several gravel-mining operations are located along the Salt River, and processing
operations occur along its banks. These facilities are expected to remain within the
project area. The river also contains a large groundwater recharge basin in the central
portion of the study area, just east of North Gilbert Road.

The land area north of the Salt River is generally within the SRPMIC reservation.
Upland areas south of the river are generally within the City’s jurisdiction, but islands of
unincorporated areas of the County are also present. A clear contrast is evident between
the rural and open character of the upland areas north of the river, within the SRPMIC
reservation, and the more urbanized area south of the river, within the City of Mesa’s
sphere of influence.

The SRPMIC consists of 52,600 acres, located 15 miles northeast of the City of Phoenix.
The primary land use is 19,000 acres of natural preserve. The secondary land use is
agriculture, which supports a variety of crops, including cotton, melons, potatoes, brown
onions, and carrots (Salt River Pima-Maricopa Indian Community 2002). The majority
of the central and eastern portions of the study area that are located directly north of the
Salt River is a combination of natural preserve areas and agricultural lands. Gravel
mining and processing, two closed landfills, and other industrial operations have a
significant influence on land use patterns in the western portion of the study area that is
located along the north banks of the river. Other land uses throughout the area along the
north banks of the river include a shooting range, a recreational vehicle park, private
farms, and a commercial golf course.

The west and central portions of the study area south of the river and within the City of
Mesa’s sphere of influence are largely made up of very low-density rural residential uses
to higher-density suburban residential uses. Industrial and commercial development,
with some agricultural uses, has a strong influence on land use patterns in the eastern



portion of the study area. The south banks of the river are also scattered with gravel
mining and processing operations.

The proposed project will not change the usage within the area significantly. The
primary usage of the river to date has been the sand and gravel mining operations. While
their future plans have not yet been determined, it is assumed they will remain in some
capacity. Recreation is not expected to increase significantly due to the SRPMIC’s
wishes to limit non-Community member’s access to Community property. A more in-
depth analysis of the effects of the proposed action can be found in the preliminary draft
Environmental Impact Statement (EIS), Chapter 5, provided to your office.

22 PURPOSE AND NEED

The purpose of the proposed action is to restore ecosystem functions and processes to
improve overall ecological health and return the project area to a less degraded, more
natural condition. Implementation of the proposed action would increase the diversity of
native plants and animals, enhance the ability of the area to sustain larger populations of
key indicator species or more biologically desirable species, and produce a viable, self-
sustaining ecosystem that would require only minimal ongoing human intervention.
Additionally, the proposed action would provide other incidental benefits, including
improving water quality and supply.

Flood control and water supply projects within the Gila River watershed have resulted in
substantial alteration of the hydrological regime. This alteration, as well as increased
agricultural development and urbanization of the metropolitan Phoenix area, has resulted
in the substantial alteration of the native cottonwood/willow, mesquite bosque, freshwater
marsh, and willow woodland habitat types. Without restoration, habitat values in the
study area are expected to further decline within the next 50 years. This will decrease the
overall habitat value for wildlife and reduce habitat for the endangered Yuma clapper rail,
southwestern willow flycatcher, and other sensitive species.

This project is needed to provide an ecological connection between other riparian
restoration projects that are currently underway along the Salt River (See Section 2.4.2,
“Relationship to Other Projects,” of the EIS). Restoration of the area may also provide
limited passive recreational opportunities.

2.3 DESCRIPTION OF PROPOSED ACTION

The proposed project consists of restoring approximately 1500 acres of riparian and scrub
shrub habitat along a 14-mile reach of the Salt River. The project is divided into nine
reaches and is described in the following paragraphs. See Figures 1 and 2.




Figure 1. Va Shly’ay Akimel Environmental Restoration Project Reach and Sub-Area
Delineations.




Figure 2. Va Shly’ay Akimel Environmental Restoration Project Proposed Action.
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Reach 9 and 8: Reaches 9 and 8 begin at the Granite Reef Dam and continue down to the
upstream boundary of the Higley Sand and Gravel plant. These reaches cover an area
approximately 2.5 miles long and .5 miles wide. Currently, the habitat is dominated by
cottonwood and willow vegetation interspersed with salt cedar (7amarisk sp). Because
of the relatively good habitat health, the only activity planned for these reaches is
removal of the salt cedar and potential replacement with native species. The habitat is
not currently considered viable for any threatened or endangered species (southwestern
willow flycatcher), however, if conditions should change before construction begins and
it is deemed necessary, surveys will be completed prior to construction. If sensitive
species are present, then the invasive species removal will occur outside of the breeding
season. To prevent rapid reestablishment of the invasive species, native vegetation will
potentially be planted in its place.

Reach 7: The Higley plant is operated by Salt River Sand and Rock, a private company,
on land owned by the SRPMIC; it encompasses Reach 7 in its entirety. Because of the
disturbance associated with mining operations, no features or enhancements were
proposed in this Reach. It was assumed that any vegetation planted would be damaged
due to in-channel mining operations. Because the SRPMIC has control of the land being
mined, they have direct influence over what areas are mined and how those lands are left
once the mining operations are complete. To reduce the affect of the Higley mining
operations the quarry operators will be encouraged to preserve a narrow corridor
unaltered by mining within the existing main channel or to create a channel at grade to
convey flows and bed load material to Reach 6. By reducing the deposition in Reach 7,
bed load material will continue to flow downstream, maintaining the stability of the
channel within Reach 6. At this time, the exact locations of future mining operations are
unknown but coordination between the Corps, the SRPMIC and the Sand and Gravel
mining operators is ongoing.

Reach 6: Reach 6 covers the area immediately downstream of the Higley plant down to
Gilbert Road. Reach 6 covers an area approximately 2.5 miles long and 1 mile wide.
Because this reach deals with three distinct feature sets, it has been divided into three
sub-reaches. Area 6.1 is on the north side of the river, and stretches the entire length of
Reach 6. Area 6.2 is on the south side of the river from Gilbert Road upstream to just
below Va Vista Road. Area 6.3 is also on the south side of the river and is from Va Vista
Road upstream to the Salt River Project water diversion point.

Large areas of cottonwood and willow (CW) and mesquite (MS) will be established in
Area 6.1. The CW is located south of the Groundwater Recharge Underground Storage
Project (GRUSP) site and will be irrigated using surface water from the Hennessey Drain.
The MS is located on the north bank, immediately outside of the active channel, outside
of the 10-year flood plain and will be irrigated using ground water from a new well. In
both areas the water will be distributed using a flood irrigation method or the Surface
Braided Irrigation Network (SBIN). Because the vegetated areas are near the GRUSP,
water that has infiltrated can be used to support vegetation. It is assumed that this
infiltrated water is sufficient to maintain the vegetation; these assumptions will be
verified during the Preliminary Engineering Design phase.



In Area 6.2, located on the south bank of the river, two areas of CW will be planted; one
in an abandoned quarry depression directly east of Gilbert Road and within the 5-year
flood plain, and a second narrow strip along the southern edge of the main channel. Both
areas will be irrigated using surface water and storm water when available. Flood
irrigation is the preferred method of irrigation.

Area 6.3 will have a wetland feature; it will be constructed on the riverbed near the
existing Hennessey drain outlet. A berm of coarse rock will be constructed on the
upstream side of the wetland. This will provide some protection during flow events and
contribute to forcing flow away from the south bank. The wetland will be clay lined to
maintain the surface water level and allow for vegetation growth. The wetland will be
flanked by a relatively large CW stand to the east, taking advantage of the saturated soil
conditions, and will be irrigated using surface water from the Hennessy drain and SBIN
or flood irrigation.

Reach 5: Reach 5 begins at Gilbert Road and ends downstream at approximately Horne
Road. This reach is approximately 2 miles long and .5 to .75 miles wide, depending upon
location. Reach 5 is also divided into three different sub-areas due to land features and
water sources present in the area. Area 5.1 covers the area north of the river from Horne
Road upstream to the downstream edge of the Gilbert Quarry pit. Area 5.2 encompasses
the area including and surrounding the Gilbert Quarry pit found north of the river. And
finally, Area 5.3 covers the entire southern portion of Reach 5 from Gilbert Road
downstream to Horne Road.

In Area 5.1, the channel will be reshaped and converted to new river bottom. A wetland
feature at the Evergreen drain outlet will be established, as will CW. The CW will be
irrigated using a new ground water well, and the wetland will be supported by run off
from the Evergreen drain outlet.

In Area 5.2, the Gilbert Quarry pit will be reshaped and converted to new river bottom.
CW and MS, and a small pocket of Sonoran desert scrub shrub (SD) will be located on
the overbank area. The MS and SD will be irrigated using groundwater from the new
well. The CW will be irrigated using surface water diverted from an irrigation canal.
The water will be distributed using SBIN.

A grade control structure will be placed in Area 5.2, in the main channel at the center
point of the old Gilbert quarry. This structure would help protect the Gilbert Road Bridge
from head cutting due to the extensive mining that has occurred downstream. The
structure would span the entire width of the riverbed, approximately 1500 feet, and be
designed to the estimated scour depth.

In Area 5.3, located along the south bank, CW will be established adjacent to a newly
established small stand of MS. Surface water and storm water will be used to irrigate
these areas. Irrigation of the CW and MS will be done by SBIN. The downstream
portion of this area will also be reshaped and converted to new river bottom.



Reach 4: Reach 4 begins at Horne Road and continues downstream to approximately
Center Street, or the downstream end of the Tri-City landfill. This Reach is roughly 1.5
miles long and .5 miles wide. Reach 4 is divided into two sub-reaches due to the
characteristics found within the sub-areas.

Area 4.1 covers the Tri-City landfill. This area is tentatively planned for a SRPMIC run
nursery operation, if the land is found suitable; therefore, no vegetation establishment is
planned on the landfill land surface. A narrow strip of CW will be established, however,
along the north bank, at the edge of the main channel. The area will be irrigated using
surface and storm water and the SBIN.

Area 4.2, along the south bank, will support CW, MS and a large wetland feature. Two
south bank surface water outlets will supply water to the SBIN used to irrigate the
vegetation. The western outlet will support the wetland feature as well as surrounding
CW and MS. Area 4.2 is relatively protected from the main channel so flood damages to
the channel and the irrigation system are expected to occur less frequently.

Reach 3: Reach 3 is relatively small covering an area approximately .5 miles long and .5
miles wide. It too, is divided into two sub-areas to address the features found on the
northern half of the river and the southern half of the river. Area 3.1 covers the southern
half and will support a CW stand. A channel will be constructed to drain Area 4.2 to
supply water to the CW vegetation of Area 3.1. This water will be disnersed using the
SBIN. A sand and gravel pit restricts Area 3.2 and therefore no new features are planned.

Reach 2: Reach 2 is approximately 2 miles long and 1 mile wide. The upstream end of
Reach 2 is marked by the Beeline Highway (Arizona 87); the downstream end of Reach 2
is just downstream of Longmore Road. Reach 2 is divided into four sub-areas to address
the individual features planned for this area. Area 2.1 is a small area immediately
downstream of Alma School Road on the north side of the river. Area 2.2 covers an area
beginning at Alma School Road and continuing downstream to just below Longmore
Road; it encompasses the area within and south of the main channel. Area 2.3 covers the
southern half of the river beginning just downstream of Country Club Road and
continuing downstream to approximately Alma School Road. And finally, Area 2.4
covers the same area as Area 2.3, but on the northern half of the river.

Area 2.1 is the smallest of the sub-areas and the only area where new features are not
planned. This sub-area currently supports SD that surrounds an existing sand and gravel
mining pit. Given the small size of this sub-area, the existing habitat and the restrictions
due to the mining operations, establishing new vegetation was not justified.

Area 2.2 will support three new wetland features at Alma School Road downstream of
and within the old quarry. The small wetland, on the western end of this Area, will be
flanked by CW to the north. The larger wetland, to the east, will be surrounded by a CW
stand. The CW will be irrigated using SBIN. A small area, south of the wetlands, will be
reshaped and converted to new river bottom.



Area 2.3, along the south bank, will support two wetland features, and small areas of CW
and MS. One small stand of CW will surround the wetland; a second larger stand will
start in the eastern edge of Area 2.3 and extend into Area 2.2. The wetland will be
constructed near the Country Club Storm drain on the existing river bottom and will be
constructed to withstand storm water runoff.

Area 2.4 will support a wetland feature surrounded by CW to the west, south, and east.
These features will be supported by surface water outlets, and irrigated using a SBIN.
Additional water may be supplied by the golf course located north of the Salt River, if it
is of sufficient quality.

Reach 1: Finally, Reach 1 begins downstream of Alma School Road and continues
downstream to the terminus of the project at the Pima Freeway and Highway 202 Loop
interchange. Like the others, Reach 1 is divided into two sub-areas to better identify the
features. Area 1.1 covers the majority of Reach 1 extending from the 101 and 202 Loop
interchange up to just below Alma School Road on the north side of the river and to
Longmore Road on the south side of the river. Area 1.2 represents the percolation ponds
owned by the City of Mesa to the south of the hard banking, immediately upstream of the
101 and 202 interchange on the south side of the river.

Area 1.1 will support four wetland features, and three CW stands. One wetland will
continue from Area 2.2. A second smaller wetland will be located to the north, within the
main channel and will connect with a CW stand to the north. The remaining two wetland
features will be created to the west of the existing quarry, upstream of the hardbank. A
CW stand will be established within the main channel, at the far west end of Area 1.1.
Finally, a small CW stand will be established to the north of the existing quarry.

Invasive species, primarily salt cedar, will be removed from this area if deemed
necessary, to promote the establishment of native species.

The percolation ponds found immediately outside of the southern bank in Area 1.2, will
be planted with CW. This area will be supported using the existing irrigation
infrastructure.

24 OTHER ALTERNATIVES CONSIDERED

The Corps and local sponsors (SRPMIC and the City of Mesa) developed an initial array
of 15 alternatives during the alternatives formulation process. The alternatives
represented varying combinations of restoration treatments (e.g., vegetation types,
channel modification, water source, infrastructure). Alternatives were initially developed
based on the Corps’ federal planning objectives for water resource projects, specific
planning objectives developed for the Va Shly’ay Akimel Ecosystem Restoration Project,
and project-specific opportunities and constraints for implementing restoration activities.
These alternatives were later refined based on input received through public meetings and
coordination with local and regional agencies. Details can be found in Chapter 3.3 of the
EIS.




Following formulation and refinement of the project alternatives, the alternatives were
ranked and screened based on associated habitat benefits and implementation costs. The
Hydrogeomorphic (HGM) wetland assessment method was used by the Corps’ planning
team to identify and quantify the anticipated habitat benefits associated with the proposed
restoration alternatives. The HGM method assesses and quantifies the functional values
of existing wetland habitat types (e.g., water storage, plant community characteristics)
and evaluates and quantifies future changes in these characteristics and associated habitat
benefits resulting from implementation of the restoration alternatives.

Results of the HGM assessment were incorporated into the Corps’ standard cost
evaluation analysis (ICA) to identify the alternatives that provided the highest habitat
benefits per unit cost. The four highest-ranking alternatives were then evaluated in
greater detail. A complete description of the alternatives and HGM assessment is
provided in the EIS. The local sponsor’s then determined that the above-described
proposed action was considered their preferred alternative.

2.5 NO ACTION ALTERNATIVE

Under the No-Action Alternative, the Corps would take no action to restore the
ecosystem and wildlife habitat within the study area. Plans with potential incidental
benefits to improve water quality and water supply also would not be provided by the
Corps. Although it is possible that local agencies would implement limited
improvements, restoration efforts would not occur on the scale of the proposed project.
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Chapter 3.0
SPECIES ACCOUNT and EVALUATION OF EFFECTS

" Viable habitat for most species of concern is limited to an area immediately downstream

of the Granite Reef Dam in Reach 9 and near the Pima Freeway and Highway 202 Loop
interchange in Reach 1. The preferred alternative recommends exotic species removal in
both Reaches 9 and 1, with potential replanting of native species to prevent reoccurrence;
at the downstream end, new cottonwood/willow will be established on the eastern end of
the existing habitat.

The project area has the potential to support the following list of federally threatened,
endangered, or proposed species. This list was provided by the USFWS through the
Arizona Ecological Services website (http://arizonaes.fws.gov).

Plant Species

Arizona agave (Agave arizonica) - endangered
Arizona cliffrose (Purshia subintegra) - endangered

Wildlife Species

Bald eagle (Halieaetus leucocephalus) — threatened

Cactus ferruginous pygmy-owl (Glaucidium brasilianum cactorum) — endangered
California Brown Pelican (Pelecanus occidentalis californicus) — endangered
Mexican spotted owl (Strix occidentalis lucida) — threatened

Southwestern willow flycatcher (Empidonax traillii extimus) — endangered

Yuma clapper rail (Rallus longirostris yumanensis) — endangered

Yellow-billed cuckoo (Coccyzus americanus) — candidate/wildlife species of concern
Lesser long-nosed bat (Leptonycteris curasoae yerbabuena) — endangered
Sonoran pronghorn (Antilocapra Americana sonoriensis) — endangered

Desert pupfish (Cyprinodon macularius) — endangered

Gila topminnow (Poeciliopsis occidentalis occidentalis) — endangered

Razorback sucker (Xyrauchen texanus) — endangered

Gila chub (Gila intermedia) — proposed endangered

The assessment of impacts to species within the study area was performed by background
literature searches, coordination with resource agencies, and completion of site
evaluations and in some cases, wildlife surveys. Literature used in this analysis includes:
Birds of Phoenix and Maricopa County, Arizona; Clearing of phreatophytic vegetation

from the Salt and Gila Rivers, Ninety-first Avenue to Gillespie Dam, Maricopa County,

Arizona: Draft environmental assessment; Salt-Gila River baseline ecological
characterization,; Wildlife of special concern in Arizona, Clapper rail (Rallus
longirostris) In: The birds of North America; Coccyzus americanus; Glaucidium
brasilianum;, Bats of the United States, Amphibians and reptiles of western North
America; and Threatened native wildlife in Arizona.
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3.1 SENSITIVE PLANT SPECIES

Sensitive plants include those species that are listed by Federal or state resource agencies.
Species that are proposed to be listed by the USFWS are assessed in a manner similar to
actual listed species by the USFWS; however, in the case of proposed species,
recommendations of the USFWS are advisory rather than mandatory. There are two
listed plant species of concern that occur within Maricopa County: Arizona agave
(Agave arizonica) and Arizona cliffrose (Purshia subintegra).

3.1.1 Arizona agave — No effect

Arizona agave has bright green leaves with dark mahogany margins and yellow flowers.
This species of agave is found in the transition zone between oak-juniper woodland and
mountain mahogany-oak scrub between 3000 and 6000 feet in elevation. It is usually
found on steep, rocky slopes in the New River Mountains and Sierra Ancha. It is
possibly found in the Mazatal Mountains and can occur on drainage bottoms or relatively
gentle slopes or saddles. This species has experienced a decline in habitat due to
herbivory of flowering stalks and historic overuse by livestock, feral burros, and wildlife
(http://arizonaes.fws.gov).

The terrain that surrounds the project area is relatively flat with no significant or
mountainous landforms in the near vicinity. The project elevation is roughly 1200 feet
with no oak-juniper woodland or mountain mahogany-oak scrub present. The required
habitat does not exist for this species within the project area. Therefore, the proposed
project will have no effect on the Arizona agave.

3.1.2 Arizona cliffrose — No effect

The Arizona cliffrose is an evergreen shrub approximately 5 feet in height. The bark is
pale gray and shreddy and the flowers have 5 white or yellow petals. It is found only on
Teritiary limestone lakebed deposits at elevations below 4000 feet. The known site
within Maricopa County is at Horseshoe Lake, although it may have the potential to
occur at other sites where Teritiary limestone lakebed deposits occur. Threats to this
species include its localized habitat, urbanization, mining, overuse by cattle and burros
and off-road vehicle traffic (http://arizonaes.fws.gov).

The project site occurs within a river channel bed and does not support the necessary soil
substrate or habitat for this species. Therefore, the proposed project will have no effect
on the Arizona cliffrose.

3.2 SENSITIVE WILDLIFE SPECIES
Sensitive wildlife species include those federally or state-listed threatened or endangered

species, those species proposed for Federal or state listing, and Federal candidate species.
There are thirteen federally listed species that occur within Maricopa County: bald eagle
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(Halieaetus leucocephalus), cactus ferruginous pygmy-owl (Glaucidium brasilianum
cactorum), California Brown Pelican (Pelecanus occidentalis californicus), Mexican
spotted owl (Strix occidentalis lucida), southwestern willow flycatcher (Empidonax
traillii extimus), Yuma clapper rail (Rallus longirostris yumanensis), the proposed
yellow-billed cuckoo (Coccyzus americanus), lesser long-nosed bat (Leptonycteris
curasoae yerbabuena), Sonoran pronghorn (Antilocapra Americana sonoriensis), desert
pupfish (Cyprinodon macularius), Gila topminnow (Poeciliopsis occidentalis
occidentalis), razorback sucker (Xyrauchen texanus), and the proposed Gila chub (Gila
intermedia).

3.2.1 Birds
3.2.1.1 Bald eagle — May affect, not likely to adversely affect

The bald eagle was reclassified from endangered to threatened in July 1995 and in 1999
was proposed to be removed from the list of Endangered and Threatened Wildlife in the
lower 48 states of the U.S. Although the nesting populations are increasing throughout
the U.S., the bald eagle is still threatened by habitat loss, human encroachment on nesting
sites, reduction in native fish species, illegal shooting, and heavy metals
(http://arizonaes.fws.gov). Bald eagles nest in large trees near lakes and streams, and
hunt for waterfowl and fish in wetlands and along rivers and lakes. They also feed on
small mammals and carrion. Bald eagles have been reported nesting along the Salt River
east of Phoenix since the 1930s (Witzeman et al. 1997). Although they do not nest in the
project study area due to lack of suitable habitat, they occur in the area as winter visitors
and migrants (Benham-Blair Associates 1980) and have been observed foraging along the
rivers near the project study area (CH2M HILL et al. 1997).

The open water marsh near the project study area (immediately downstream of the Pima
Freeway and Highway 202 Loop interchange) may be suitable foraging habitat for bald
eagles. However, the area of open water currently found at the furthest downstream
portion of the study area is very small in size, approximately 1 acre, and linear in shape
(pers. comm., A. Gibbons, Jones & Stokes). A second open water area further upstream,
but still within Reach 1 of the proposed project is approximately seven acres in size
during the wet season. Due to the relatively small size and likely very low fish
populations found within the open water currently on-site these areas are not likely a
significant source of foraging habitat, considering the higher quality habitat further
downstream.

In the furthest downstream area of existing open water, exotic vegetation species will be
removed and potentially replaced with native vegetation creating insignificant effects to
the eagle. Other construction activity includes new wetlands approximately .75 miles
upstream. Standard construction practices will be utilized to minimize siltation, turbidity,
and release of contaminants within surface waters. Multiple wetlands within the greater
project area could increase the overall foraging habitat of this species by approximately
200 acres, providing a beneficial effect. Due to the temporary disturbance associated
with construction near the existing open water, and the significant increase in wetland
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features, the proposed project may affect but is not likely to adversely affect any
potentially existing bald eagles.

*3.2.1.2 Cactus ferruginous pygmy-owl — No effect

The cactus ferruginous pygmy-owl is a small reddish-brown owl with a cream-colored
belly streaked with reddish-brown. The pygmy-owl’s diet includes birds, lizards, insects,
and small mammals. It is non-migratory throughout its range. Historically, the cactus
ferruginous pygmy-owl occurred as far north as the confluence of the Salt and Verde
Rivers but recent observations have been limited to Pima and Pinal Counties. This
species occurs in riverbottom woodlands, and palo verde cacti-mixed scrub associations
of the Sonoran desert. In southern Arizona, the pygmy-owl is currently found primarily
in Sonoran desert scrub vegetation with some locations in riparian drainages and semi-
desert grassland vegetation communities. It will nest in saguaro cacti or tree cavities
below 4000 feet in elevation (http://arizonaes.fws.gov). Pygmy-owls have declined in
part because of urban development, reduction of suitable habitat, and competition from
other cavity-nesting birds (Arizona Game and Fish Department 1996, Arizona Game and
Fish Department 2001a).

The proposed project will establish approximately 24 acres of new scrub, 380 acres of
new mesquite and 880 acres of new cottonwood/willow habitat; significantly increasing
the suitable habitat for this species. Because the project site is currently limited to
creosote dominated scrub shrub, with only 4 acres of existing mesquite, and little mature
cottonwood, and because no observations of cactus ferruginous pygmy-owls have been
recently recorded within 50 miles of the project area (CH2M HILL et al. 1997, Witzeman
et al. 1997), it has been determined that this project will have no effect on the cactus
ferruginous pygmy-owl.

3.2.1.3 California brown pelican — No effect

The California brown pelican is a large bird with a white head and neck, often washed
with yellow. It has a grayish-brown body with a blackish belly. During the breeding
season, the hindneck is dark chestnut and a yellow patch appears at the base of the
foreneck. These birds forage by diving for fish in larger bodies of water. It is considered
an uncommon transient in Arizona on many Arizona lakes and rivers. The pelican has
recently been observed on Tempe Town Lake; and there are tentative plans to conduct a
relocation effort to move the Tempe Town Lake pelicans back to habitat more suitable
for their needs (pers. comm., M. Martinez, USFWS).

During a recent Yuma clapper rail survey conducted in May 2003, two pelicans were
observed flying over the project sight. However, the pelicans were not seen using the
habitat and are not expected to nest in the area. Because the California brown pelican
was not seen using the project site and is known to use Tempe Town Lake, an area
approximately 4 miles from the project site, it has been determined that the proposed
action will have no effect on this species.
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3.2.1.4 Mexican spotted owl — No effect

The Mexican spotted owl is a medium sized owl with large dark eyes and no ear tufts. Its
plumage is brown with numerous white spots and posterior underparts have short,
horizontal bars or spots. It generally nests in older forests of mixed conifer or ponderosa
pine/gambel oak type, in canyons. In forested habitat, uneven-aged stands with a high
canopy closure, high tree density, a sloped terrain and cool microclimates appear to be of
importance. The spotted owl’s nests are found in live trees, snags, and on canyon walls
between 4100 and 9000 feet (http://arizonaes.fws.gov). Currently, the Mexican spotted
owl is patchily distributed in Arizona and occurs only in the eastern portion of the state.

The proposed project is found in the arid, western portion of Arizona and is completely
void of the required habitat; therefore the project will have no effect on the Mexican
spotted owl.

3.2.1.5 Southwestern willow flycatcher — No effect

The southwestern willow flycatcher is a small migratory bird with a grayish-green back
and wings, a white throat, a light gray-olive breast, and a pale yellowish belly. Two
wingbars are visible. It prefers nesting in dense willow riparian habitats and is also found
in areas of saltcedar in the Sonoran Life Zone (e.g., the lower Big Sandy River, lower
Santa Maria River, Bill Williams Delta, upper Gila River, Grand Canyon, and middle
Salt River). Nests are found in thickets of trees and shrubs about 13-23 feet in height,
among dense and homogenous foliage at elevations below 8500 feet. Historically, the
southwestern willow flycatcher nested along the Salt, Gila, and Agua Fria Rivers (CH2M
HILL et al. 1997). Currently, there are just over 900 breeding pairs documented in the
Southwest and recent statewide surveys indicate that fewer than five nesting pairs occupy
most sites. Individuals in Arizona are found in the middle Salt River and upper Verde
River, among sites along other rivers (http://arizonaes.fws.gov) and are currently
considered an uncommon transient in Maricopa County, with only a few historic summer
records (Witzeman et al. 1997). The flycatcher has declined for a variety of reasons,
including habitat loss and fragmentation resulting from flood control projects,
development, and intensive grazing. Brown-headed cowbird nest parasitism may also
have contributed to the species’ decline (Arizona Game and Fish Department 1996).

The project area has approximately 130 acres classified as willow, cottonwood/willow,
and willow saltcedar habitat. However, these acres are sparse, patchy and the
cottonwoods are almost exclusively a single row of trees (pers. comm., A. Gibbons, Jones
& Stokes). To date, focused surveys have not been completed due to lack of suitable
habitat (pers. comm., A. Gibbons, Jones & Stokes; T. Corman, AGFD). Prior to
construction, if suitable habitat has developed in any project area scheduled for
disturbance (likely in the form of salt cedar thickets), the Corps will re-evaluate, in
coordination with the USFWS, and conduct surveys if necessary.

The proposed project will increase the cottonwood/willow habitat by approximately 880
acres, creating a significant positive benefit for this species by creating habitat for
potential future populations. Because of the current lack of suitable habitat, and proposed
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increase in cottonwood/willow, the proposed project will have no effect on the
southwestern willow flycatcher.

3.2.1.6 Yuma clapper rail — No effect

The Yuma clapper rail is a long marsh bird with long legs and a short tail. Its bill is long,
slender, and curved downward slightly. It is mottled brown on a gray background; its
flank and underside are dark gray with narrow vertical white stripes
(http://arizonaes.fws.gov). This inland clapper rail occurs in cattail, sedges, and bulrush
marshes along the Colorado River, the lower Gila and Salt Rivers below the Verde/Salt
River confluence, and Pichacho Reservoir (Arizona Game and Fish Department 1996,
Eddelman and Conway 1998) and is often associated with dense riparian and marsh
vegetation. This species has declined because of the loss and fragmentation of river
marshes. Toxic levels of heavy metals, such as selenium, could also have contributed to
the species’ decline (Arizona Game and Fish Department 1996). Its current distribution
is along the Colorado River, from Lake Mead to Mexico; on the Gila and Salt rivers
upstream to the area of the Verde confluence; at Picacho Reservoir; and on the Tonto
Creek arm of Roosevelt Lake (http://arizonaes.fws.gov). The Yuma clapper rail is known
to occur as a rare and local summer resident in cattail marshes in the Salt River south and
west of Phoenix (Witzeman et al. 1997).

There is sufficient marshland habitat for this species to occur within the downstream
portion of the project study area, therefore, a USFWS protocol level survey was
conducted in May 2003. A copy of the survey report can be found in Appendix A of this
document. Surveys resulted in no indication of Yuma clapper rails found within the
project area and vicinity. Therefore, the proposed action will have no effect.

3.2.1.7 Yellow-billed cuckoo — No effect

The yellow-billed cuckoo is a medium-sized bird with a slender, long-tailed profile. It
has a fairly stout and slightly down-curved bill, which is black with yellow on the basal
half of the lower mandible. The bird is grayish-brown above and white below with
rufous primary flight feathers. The tail feathers are boldly patterned with black and white
below. In Arizona, the yellow-billed cuckoo is found locally in streamside cottonwood
and willow groves, and prefers to nest in willow or mesquite thickets (Arizona Game and
Fish Department 2001b). Historically. this species was widespread and locally common
in Arizona; currently, based on preliminary results of a statewide survey, one hundred
sixty-eight pairs and 80 individuals were located in Arizona in 1999
(http://arizonaes.fws.gov). The primary reason for population decline is the loss,
degradation, and fragmentation of riparian habitat.

Prior to 1998, approximately thirteen cuckoo territories were found along the Salt River,
although none were located within this proposed project site. Additional surveys have
been completed by state agencies since 1998. Results showed one pair of cuckoos
between upstream of the Granite Reef Dam and the confluence of the Salt and Gila rivers
(pers. comm., B. Wilson, Jones & Stokes). Consequently, the yellow-billed cuckoo 1s
considered an uncommon local summer resident (Witzeman et al. 1997). Although
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candidate species do not benefit from the same protection as listed species, their current
rarity warrants protection. Due to lack of suitable habitat, and no findings within the
project area during recent surveys, it is determined that the proposed project will have no
effect on the yellow-billed cuckoo.

3.2.2 Mammals
3.2.2.1 Lesser long-nosed bat — No effect

The lesser long-nosed bat, previously known as Sanborn’s long-nosed bat, is medium-
sized with yellowish-brown or pale gray above and cinnamon-brown below. It has a
slender elongated nose with a small nose-leaf on the tip, and a minute tail. It is found
mainly in desert scrub habitat, and roosts in caves, abandoned mines, and unoccupied
buildings at the base of mountains where agave, saguaro, yucca, and organ pipe cacti are
present (http://arizonaes.fws.gov; Harvey et al. 1999). It forages at night on nectar,
pollen, and fruit of panicultate agaves and columnar cacti. Considerable evidence exists
for the interdependence of Leptonycteris bat species and certain agaves and cacti
(http://arizonaes.fws.gov). The lesser long-nosed bat population has declined for reasons
that include: human disturbance at breeding and roosting sites, habitat loss, and excessive
harvest of certain agaves and cacti; however, the population appears stable (Arizona
Game and Fish Department 1996).

This bat is a summer resident (April — September) of central and southeastern Arizona.
Although there are records for this species from the Phoenix area, the project area does
not support roosting sites, nor does it support the necessary foraging vegetative species.
Desert areas within the project site are dominated by creosote bush with scattered white
bursage and other small shrubs, and limited areas of creosote bush, saguaro, yellow
paloverde, cholla and barrel cactus. Because the proposed project site does not support
the necessary foraging species or roosting sites for the lesser long-nosed bat, the project
will have no effect.

3.2.2.2 Sonoran pronghorn — No effect

The Sonoran pronghorn are long-legged, small-bodied artiodactyls (hoofed animals with
an even number of toes on each foot). Their upper parts are tan; the underpart, rump and
two bands across the neck are white. Both sexes have horns, although they are larger in
males. All Sonoran pronghorn populations occur in Sonoran desert scrub vegetation
communities; creosote and white bursage comprise the major vegetation in the Lower
Colorado River Valley subdivision. Plant species along major watercourses include
ironwood, blue palo verde, and mesquite; species in the Arizona Upland include foothill
palo verde, catclaw acacia, chain fruit cholla, teddy bear cholla, buckhorn cholla and
staghorn cholla. Typical habitat ranges between 2,000 and 4,000 feet in elevation within
broad intermountain alluvial valleys separated by block-faulted mountain and surface
volcanics (http://arizonaea.fws.gov). Historical ranges within southwest Arizona
included south of the Bill Williams River and east to the Santa Cruz River. Currently, an
extant population exists in southwestern Arizona. The primary cause of pronghorn
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population decline includes barriers to movement caused by roads, canals, and fences,
and conversion of habitat to other uses (http://arizonaes.fws.gov).

The proposed project study site is at approximately 1200 feet in elevation and is
surrounded by development and urban areas to the south. Therefore, the project site does
not contain suitable habitat and will have no effect on the Sonoran pronghorn.

3.2.3 Fish
3.2.3.1 Desert pupfish — No effect

The desert pupfish is a small fish with a smoothly rounded body shape and narrow,
vertical dark bars on its sides. Breeding males are blue on the tops and sides, and have
yellow fins. Females and juveniles are tan to olive colored on their backs and silvery on
their sides. These fish are found in shallow water of desert springs, small streams, and
marshes below 5,000 feet in elevation. The pupfish also tolerates high salinities and high
water temperatures. This species was once common in desert springs, marshes,
backwaters, and tributaries of several large rivers in Arizona but is currently restricted to
one natural population in Quitobaquito Spring Pond in Pima County due to the
introduction of exotic predatory and competitive fishes, water impoundment and
diversion, water pollution, stream channelization, and habitat modification
(http://arizonaes.fws.gov). Reintroductions have been made in Maricopa County in the
past but were unsuccessful. Additional reintroductions were made northwest of Lake
Pleasant and others are planned (pers. comm., J. Voeltz, AGFD). While the pupfish was
found in the Salt River 50 years ago, it would be highly unlikely for it to be within the
project area due to predatory species (pers. comm., D. Duncan, USFWS) and limited
habitat.

The Arizona Department of Fish and Game has conducted regular fish surveys from the
Granite Reef Dam upstream to the Stewart Mountain Dam, with the most recent complete
survey done in March 2003 and spot surveys completed as recently as October 2003
(pers. comm., S. Bryan, AGFD). No populations of desert pupfish were found. The
project proposes to remove exotic vegetation from the Granite Reef Dam and the Pima
Freeway/Highway 202 Loop interchange areas. Native vegetation will be planted, if
necessary, in areas where exotics were removed to improve the likelihood of native
vegetation establishment. The project also proposes to increase the wetland area by
approximately 200 acres creating substantially more potential habitat.

Because no fish were found above Granite Reef Dam during recent surveys, no other
population is known to allow for immigration into the project site, and the presence of
predatory species would make their survival highly unlikely, the proposed project will
have no effect on the desert pupfish.
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3.2.3.2 Gila topminnow — No effect

The Gila topminnow is a small guppy-like, live-bearing fish that lacks dark spots on its
fins. It occurs in small streams, springs, and cienegas below 4500 feet in elevation
primarily in shallow areas with aquatic vegetation and debris for cover. This species can
also tolerate relatively high water temperatures and low dissolved oxygen. Historically it
was one of the most common fish found throughout the Gila River drainage in Arizona.
However, due to the introduction and spread of exotic predatory and competitive fishes,
water impoundment and diversion, water pollution, groundwater pumping, stream
channelization, and habitat modification, it is restricted to the Santa Cruz River system
and other small streams in several counties, including Maricopa
(http://arizonaes.fws.gov).

The Arizona Department of Fish and Game has conducted regular fish surveys from the
Granite Reef Dam upstream to the Stewart Mountain Dam, with the most recent complete
survey done in March 2003 and spot surveys completed as recently as October 2003
(pers. comm., S. Bryan, AGFD). These surveys have come back negative for the Gila
topminnow. While lower quality potential habitat exists immediately below the Granite
Reef Dam and at the Pima Freeway and Highway 202 interchange, and it could be argued
that the Gila topminnow could find its way into the project area if there was an
overtopping of Granite Reef Dam, the negative surveys indicate that there currently is not
a population source upstream. Therefore, we can assume this species is not present.

The project proposes only to remove exotic vegetation from the Granite Reef Dam area
and the Pima Freeway/Highway 202 Loop interchange area and replace it with native
vegetation, if necessary, to ensure native species recruitment. The project also proposes
to increase the wetland area by approximately 200 acres creating substantially more
potential habitat. Because no Gila topminnows have been discovered in recent surveys
conducted upstream of the Granite Reef Dam, and because overtopping of the dam 1is the
only reasonable way for this species to enter into the project area, we can conclude that
the fish is not present in the proposed project area and therefore the project will have no
effect.

3.2.3.3 Razorback sucker — No effect

The razorback sucker has a head that is flattened on top with a stout body with olive-
brown above to yellowish on the belly. A long, high, sharp-edged keel-like hum is found
behind the head. This fish is found in backwaters, flooded bottomlands, pools, side
channels and other slower moving habitats below 6000 feet in elevation. Historically the
sucker was found near strong currents in all major rivers and larger streams in the
Colorado River Basin. Currently, in the Lower Basin, populations are isolated to Lakes
Mohave, Mead, and the lower Colorado River below Havasu. Alteration of river
conditions and loss of habitat caused by dam construction, irrigation dewatering and
channelization, as well as the introduction of exotic fish, are all responsible for this
species decline (http://arizonaes.fws.gov). Several areas of critical habitat have been
designated but none are found within Maricopa County.
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Reintroductions have been done in the Salt and Verde rivers with ongoing introductions
near Childs, AZ (pers. comm., J. Voeltz, AGFD). Because of the recent introductions
and the potential for suitable habitat for the razorback sucker, this species could survive
within the proposed project area, if it where to migrate there. It is likely that the only
way the razorback sucker could be found within the project area is if the fish were found
above the Granite Reef Dam and if the dam overtopped, carrying the razorback within the
flood flows. The Arizona Department of Fish and Game has conducted regular fish
surveys from the Granite Reef Dam upstream to the Stewart Mountain Dam, with the
most recent complete survey done in March 2003 and spot surveys completed as recently
as October 2003 (pers. comm., S. Bryan, AGFD). These surveys came back negative for
the razorback sucker. There is therefore no probable source of fish to enter into the
project area.

The project proposes only to remove exotic vegetation from the Granite Reef Dam area
and the Pima Freeway/Highway 202 Loop interchange. Native vegetation will be planted
in these areas, if necessary, to ensure native species recruitment. The project also
proposes to increase the wetland area by approximately 200 acres creating substantially
more potential habitat. Because recent surveys showed there are no razorback suckers in
the Salt River above the Granite Reef Dam, eliminating the population sources for
immigration, the proposed project will have no effect.

3.2.3.4 Gila chub — No jeopardy

The Gila chub is a small-finned, deep-bodied chubby member of the minnow family. It
is dark colored with diffuse lateral bands that are rarely present. They are commonly
found in pools, springs, cienegas, smaller streams, and artificial impoundments between
2,000 and 3,500 feet in elevation. Common riparian plants associated with these
populations include willow, tamarisk, cottonwoods, seep-willow, and ash. Historically,
the chub’s range likely included suitable habitat throughout the entire Gila River basin,
except the Salt River drainage above Roosevelt Lake. Currently, they have been
recorded in approximately 30 rivers, streams, and spring-fed tributaries throughout the
Gila River basin, although none have been recorded in Maricopa County. Roughly 90%
of suitable habitat has been degraded or destroyed due to extensive grazing, mining
operations, increased recreation usage and the introduction of exotic species
(http://arizonaes.fws.gov). Proposed critical habitat sites have been identified, but none
exist within Maricopa County.

The Gila chub is currently only proposed for listing and therefore, an effect determination
is not required. Instead, a jeopardy or no jeopardy determination is required. Because
the Gila chub has not been recorded in Maricopa County within recent surveys and its
lowest habitat elevation range is approximately 800 feet above the elevation of the
proposed project, it can be determined that the proposed project will not jeopardize the
continued existence of this species.
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Chapter 4.0
CONCLUSIONS

- Extensive coordination occurred with the USFWS throughout the plan formulation, HGM

habitat analysis, and species survey and BA phases, as they relate to the Va Shly’ ay
Akimel Ecosystem Restoration project. Coordination also occurred with Arizona Game
and Fish Department. As a result, project features that would most likely increase and
improve habitat conditions for a variety of species, including those listed as federally
endangered or threatened, were given greatest consideration. Given the rarity of riparian
ecosystems within the arid southwest, the proposed project attempted to establish as
many acres of wetland, and cottonwood/willow as was practicably feasible, given the
limitations of available surface water and current land use. Additional acres of new
mesquite and desert scrub shrub are also planned to complete the upper slopes of desert
riparian systems.

Through examination of the project site, current literature searches, survey results, and
discussions with USFWS and Arizona Game and Fish Department personnel, the
proposed project was determined to have either “no effect” or “no adverse affect” on the
15 federally listed threatened, endangered, proposed, or candidate species. The
determinations are as follows:

Arizona agave (Agave arizonica) — No effect

Arizona cliffrose (Purshia subintegra) — No effect

Bald eagle (Halieaetus leucocephalus) — May affect, not likely to adversely affect
Cactus ferruginous pygmy-owl (Glaucidium brasilianum cactorum) — No effect
California brown pelican (Pelecanus occidentalis californicus) — No effect
Mexican spotted owl (Strix occidentalis lucida) — No effect

Southwestern willow flycatcher (Empidonax traillii extimus) — No effect

Yuma clapper rail (Rallus longirostris yumanensis) — No effect

Yellow-billed cuckoo (Coccyzus americanus) — No effect

Lesser long-nosed bat (Leptonycteris curasoae yerbabuena) — No effect
Sonoran pronghorn (Antilocapra Americana sonoriensis) — No effect

Desert pupfish (Cyprinodon macularius) — No effect

Gila topminnow (Poeciliopsis occidentalis occidentalis) — No effect

Razorback sucker (Xyrauchen texanus) — No effect

Gila chub (Gila intermedia) — No jeopardy

This BA serves as the documentation of these determinations and will be accompanied by
a cover letter asking for written concurrence of the above determinations by the USFWS,
and therefore a conclusion of Section 7 consultation. The Corps understands that should
the project or project site conditions change in a way that may adversely affect threatened
or endangered species, or the determinations made in this document, the USFWS would
be notified and Section 7 Consultation would be reinitiated.
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Yuma Clapper Rail Survey Report for the
Va Shly’ay Akimel Project Study Area, Maricopa
County, Arizona

Project Location

The U.S. Army Corps of Engineers (Corps) is proposing restoration of the Salt
River between Granite Reef Dam and the interchange of the Loop 101 and Loop
202 in Maricopa County, Arizona. The area proposed for restoration has been
designated by the Corps the “Va Shly’ay Akimel Project Study Area.” Project
boundaries encompass both banks of the Salt River channel between dam and
Loop 101/202 to a distance of %-mile to either side of the thalweg, or deepest
portion of the river channel. Suitable habitat for the Yuma clapper rail is located
within the boundaries of the project area in Township | North, Range 5 East,
Section 18 (Figure 1).

Survey Area

Elevation of the project area is approximately 1,200 feet above mean sea level,
and topography in the vicinity is predominantly flat. The project area is located
within the Lower Colorado River Subdivision of the Sonoran Desertscrub biotic
community (Brown et al. 1994). However, the project area is within an urban
setting and the river bottom exhibits signs of long-term disturbance, including
roads, landfills, mining operations, and illegal trash dumping.

During the planning process for the restoration project, it was determined that
suitable habitat for the Yuma clapper rail is present in wetlands located adjacent
to the interchange of the Loop 101 and Loop 202. The wetland has year-round
water present and vegetation in the survey area is dominated by cattail (7ypha
domingensis). Table 1 details plant species occurring in and around the surveyed
wetland during field activities.

Yuma Clapper Rail Survey Report for the August 2004
Va Shly’ay Akimel Project Study Area 1

Maricopa County, Arizona J&S 03048
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Table 1. Plants Documented in the Salt River During Surveys

Species Name (Common Name)

Scientific Name

Bermuda-grass
Rabbits-foot
Fountain-grass
Mexican sprangletop
Curly-dock

Cattail

Yellow nut-sedge
Bulrush

Bulrush

Knotweed

Water speedwell
Salt heliotrop
Euphorbia

Desert bedstraw
Sweetbush
Sowthistle

London rocket
Brittle-bush
Cockle-bur
Turpentine-bush
Arrowweed
Goodding's willow
Fremont cottonwood
Salt-cedar

California fan palm

Cynodon dactylon
Polypogon monspeliensis
Pennisetum ciliare
Leptochloa dubia

Rumex crispus

Typha domingensis
Cyperus esculentus
Scirpus validus

Scirpus paludosus
Polygonum argyrocoleon
Veronica anagallis-aquatica
Heloptropium curassavicum
Euphorbia albomarginatus
Stephanomeris pauciflora
Bebbia juncea

Sonchus asper

Sisymbrium irio

Encelia farinosa

Xanthium strumarium
Apolopappus sp.

Pluchea sericea

Salix gooddingii

Populus fremontii
Tamarix ramosissima

Washingtonia filifera

Survey Information

Yuma Clapper Rail (Rallus longirostris yumanensis)

Life History

The Yuma clapper rail is a grayish-brown marsh bird with long legs and a short
tail; adults of the species are typically 3541 centimeters (14—16 inches) tall.
During the breeding season, adult Yuma clapper rail males display a tawny-
orange or burnt-orange breast and orangish beak while females display a brick-
orange breast. (Arizona Game and Fish Department 2001)

Yuma Clapper Rail Survey Report for the
Va Shly’'ay Akimel Project Study Area

Maricopa County, Arizona
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The current range for the Yuma clapper rail includes the Lower Colorado River
drainage from the Gulf of California in Mexico north to Topock Marsh in the
Havasu National Wildlife Refuge (NWR), Arizona. In Arizona, this subspecies
also occurs in several major river drainages in the central and southwestern
portions of the state, including the Bill Williams River drainage, the Lower Gila
River drainage, and the lower Salt and Verde River drainages (Arizona Game
and Fish Department 2001).

Breeding occurs after territories are established in March or April. Breeding
activities are known to occur at Mittry Lake, Bill Williams River drainage,
Topock Gorge and Topock Marsh in the Havasu NWR, and Cibola NWR
(Arizona Game and Fish Department 2001). Average clutch size is 8 to 10 eggs
with incubation lasting about 21-23 days. Hatching success is usually high, but
mortality among young is usually high as well. Family groups of clapper rails
stay together for approximately 24-30 days post-hatching. Chicks become
independent from their parents at 35-42 days, and first flight usually takes place
63-70 days post-hatching (Terres 1980).

This subspecies is the only clapper rail to breed in freshwater marshes. They also
inhabit brackish water marshes and river sidewaters. They prefer tall, dense
cattail and bulrush marshes found in the Lower Colorado River Subdivision of
the Sonoran Desert Biome at an elevation between below sea level to
approximately 400 meters (1,300 feet) above mean sea level. Clapper rails prefer
to feed on crustaceans, including amphipods, but will also feed on fish, frogs,
clams, spiders, large insects, and aquatic plant seeds. On the Colorado River,
introduced crayfish are the most common food consumed in bulk (Arizona Game
and Fish Department 2001).

The decline in numbers of this species has been attributed to river channelization,
dredging, drying and flooding of marshes, wildfires, and toxic levels of heavy
metals.

Survey Methodology and Results

Yuma clapper rail surveys were conducted May 21, May 23, May 28, and May
30, 2003. Biologists Ron Van Ommeren and Amy Gibbons, Jones & Stokes,
conducted all surveys under U.S. Fish and Wildlife Service (USFWS) permit
number TE0Q13086-0.

Observation Methodology

Topographic maps and a site visit were used to determine the boundaries of the
survey area. A total of 30 call points were established, approximately 100 feet
apart, and GPS coordinates of these points were logged for quality control
purposes (Table 2). These points are shown in Figures 2 and 3.
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Table 2. GPS Coordinates for Survey Call Points (UTM)

Call Point Easting Northing
1 0417270 3700084
2 0417257 3700111
3 0417255 3700141
- 0417258 3700170
S 0417255 3700200
6 0417258 3700232
7 0417287 3700239
8 0417293 3700221
9 0417288 3700197
10 0417289 3700160
11 0417284 3700126
12 0417289 3700099
13 0417319 3700104
14 0417315 3700136
15 0417315 3700168
16 0417311 3700198
17 0417314 3700231
18 0417316 3700266
19 0417349 3700131
20 0417347 3700159
21 0417346 3700193
22 0417377 3700187
23 0417407 3700174
24 0417408 3700206
25 0417377 3700214
26 0417351 3700229
27 0417376 3700248
28 0417413 3700238
29 0417441 3700252
30 0417381 3700145

All surveys were conducted in compliance with the USFWS Yuma Clapper Rail
Survey Protocol (U.S. Fish and Wildlife Service 2000). Call playback tapes were
used at the 30 call points in an effort to elicit a response from resident Yuma
clapper rails. In addition to recording responses, a log was kept of other species

of birds that were seen or heard at the call sites (Table 3).
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Table 3. Bird Species Documented in the Salt River During Surveys

Species Name (Common Name)

Scientific Name

Abert’s towhee
American avocet
American coot

Black phoebe
Black-crowned night-heron
Brown pelican
Brown-headed cowbird
Cliff swallow
Common moorhen
Common yellowthroat
Costa’s hummingbird
Double-crested cormorant
Gambel’s quail

Great blue heron

Great egret

Great Horned owl
Great-tailed grackle
Green heron

House finch

Killdeer

Mallard

Marsh wren

Mourning dove

Northern rough-winged swallow

Red-winged blackbird
Rock dove

Snowy egret

Song sparrow

Turkey vulture

Pipilo aberti
Recurvirostra americana
Fulica americana
Sayornis nigricans
Nycticorax nycticorax
Pelecanus occidentalis
Molothrus ater
Petrochelidon pyrrhonota
Gallinula chloropus
Geothlypis trichas
Calypte costae
Phalacrocorax auritus
Callipela gambelii
Ardea herodias

Adrea alba

Bubo virginianus
Quiscalus mexicanus
Butorides virescens
Carpodacus mexicanus
Charadrius vociferus
Anas platyrhynchos
Cistothorus palustris
Zenaida macroura
Stelgidopteryx serripennis
Agelaius phoeniceus
Columba livia

Egretta thula

Melospiza melodia

Cathartes aura

Yuma Clapper Rail Survey Report for the August 2004
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Survey Results

The survey did not result in a response from a Yuma clapper rail. However, two
brown pelicans, a species federally listed as endangered, were observed in flight
in the project area.
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Executive Summary

Executive Summary

This report contains the analysis, results, and documentation of the Va Shly'ay
Akimel HGM assessment. The Va Shly'ay Akimel study area is an approximately 17
mile degraded reach of the Salt River located approximately 10 miles east of Phoenix
Arizona (see Fig. 2-1). The non-federal sponsors for this feasibility study are the Salt
River Pima Maricopa Indian Community and the City of Mesa.

Ecosystem restoration benefits resulting from the proposed alternatives were
determined using an HGM assessment. The specific HGM assessment tool was the
Arizona Riverine Model developed with the input of regional experts (page 12, and Table
2-6). In the summer of 2002 the Va Shly'ay Akimel E-team (Table 2-7) met to discuss
baseline (e.g., without project) conditions and to estimate the future (e.g., with project)
conditions for the HGM model analysis. During the alternative formulation phase of the
project the E-team identified 15 alternatives ranging from a xero-riparian dominated
ecosystem to a meso-riparian dominated system with extensive vegetation establishment
(page 59 and Tables 3-1, 3-3). Each alternative was further subdivided based on
irrigation method (drip (1) or surface braided inflow (2)) giving a total of 30 alternatives.
Details of each alternative are available in the AFB document.

The HGM assessment evaluated future changes in quantity (acres) and quality
(functional capacity) of the aquatic, wetland, and terrestrial ecosystems. Average Annual
Functional Capacity Units (AAFCU's) were calculated for the 50-year life of the project.
All 30 alternatives were evaluated using USACE cost evaluation procedures as irrigation
method affected cost but not AAFCU's produced by the alternative.

The top three alternatives based upon results of the HGM analysis, were F (1035
AAFCU's and 447 acres habitat gain), O (963 AAFCU's and 442 acres habitat gain), and
G 943 AAFCU's and 457 acres habitat gain) (page 66 and table 5-1). All three of these
alternatives exceeded the performance target of 915 AAFCU's. The top three alternatives
based on Incremental Cost Analysis (ICA) were A2 ($4.00/AAFCU and 373 AAFCU’s),
02 ($10.00/AAFCU's and 963 AAFCU's), and F2 ($15.00/AAFCU and 1035 AAFCU's)
(Table 5-2).

Based upon HGM, ICA analyses, and sponsor input, alternative O2 is the
recommended plan. Alternative O2 exceeds performance targets for three of the five
priority vegetation communities identified by the E-team (cottonwood by 733 acres, river
bottom by 350 acres, and mesquite by 80 acres) (page 21). Alternative O2 exceeded the
performance target for AAFCU's by 48 AAFCU's. Although alternative O2 produces 72
fewer AAFCU's than alternative F2 the cost per AAFCU is also $5.00 less per AAFCU
than F2. The sponsors expressed a strong preference for Alternative O2.
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Chapter 1
Introduction

CHAPTER 1 - Introduction

The U.S. Army Corps of Engineer Los Angeles District is actively engaged in the Va
Shly’ay Akimel Ecosystem Restoration Feasibility Study (ER-FS). The study area is
located on the Salt River extending approximately 17 river miles from the Granite Reef
Dam to the Pima Freeway 101. The non-federal sponsor(s) for this feasibility study
include the Salt River Pima-Maricopa Indian Community and the City of Mesa, Arizona.
Activities to be completed by the Corps during the feasibility study include investigating
and evaluating all reasonable alternatives to provide for the restoration of Sonoran-desert
riparian vegetation and associated native wildlife, to increase flood protection, and where
possible, to provide increased passive recreation and educational opportunities afforded
by ecosystem restoration facilities.

To determine the ecosystem restoration benefits resulting from the proposed wetland
alternatives in the Va Shly’ay Akimel Project, HydroGeoMorphic Wetland Assessment
procedures (HGM) were completed. The HGM assessment was designed to evaluate the
future changes in quantity (acres) and quality (functional capacity) of aquatic, wetland,
and terrestrial ecosystems. Outputs, Average Annual Functional Capacity Units
(AAFCUs) were calculated in terms of annualized changes anticipated/estimated over the
50-year life of the project. Results for each alternative were compared using the standard
U.S. Army Corps of Engineers (USACE) cost evaluation procedures. Early in the
evaluation process, an evaluation team (E-Team) was convened. This E-Team was
comprised of project mangers, planners, and technical experts from both the private and
public sectors, and academia. Also included on the E-Team were individuals who
represented the non-federal sponsors and actively participated in the HGM assessment.

The Va Shly’ay Akimel ER-FS HGM assessments in their entirety, in addition to the
results of the cost analyses are presented in the following chapters. The body of this
report is divided into five (5) chapters:

Chapter I: Introduction

Chapter II: =~ Methods

Chapter III: ~ Va Shly’ay Akimel HGM Results
Chapter IV:  Trade-Offs

Chapter V:  Summary and Conclusions

In addition, three (3) chapters that lend support to this report, (Literature Cited, Glossary,
and Appendix A) are included at the end of the text.

Chapter 2 presents the HGM tool and describes the methods used to develop the models
and conduct the HGM assessment. A description is provided that details the selection,
development, verification, and deployment of the functional model(s) used to assess the

e e
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efficacy of the proposed Va Shly’ay Akimel ER-FR. The E-Team is introduced in this
chapter and the decisions and assumptions made during the HGM development and

. evaluation processes are fully documented. Technical terminologies utilized in the
description and application of the HGM tool are also included in this chapter.

Chapter 3 provides the results of the analysis of the proposed Va Shly’ay Akimel
ecosystem restoration effort. First, a description of the baseline habitat conditions is
provided including the documentation of sampling techniques, delineation of cover types
and Partial Wetland Assessment Areas (PWAA’s), data handling techniques, decisions
made in the utilization of data in the analysis, and the derivation of baseline functional
capacity units per PWAA. Next the assumptions and projected data used in the HGM are
presented with the results of the analyses detailed at the end of the chapter. Details of the
functional habitat gains are summarized in a series of “Results” tables located within this

chapter.

Chapter 4 discusses the trade-offs process and used for the Va Shyl'ay Akimel
Environmental Restoration Study. Although the biological study Team did not adopt the
formal trade offs process, during the HGM process alternatives were compared based
upon the model outcomes with respect to wetland functions achieved, plant communities
present, and the overall species mixture of the proposed system. This chapter discusses
the rational used in foregoing the formal trade off process in lieu of assumptions made at
the variable level of the model development process.

Chapter 5 provides an overall project summary of the results and conclusions of the
HGM analysis. Included is a summary of the top three biological (HGM), and top three
incrementally cost effective alternatives.

Page 2 of 97
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CHAPTER 2 - Methods

Setting ecosystem restoration objectives and performance criteria on the recovery of
“non-use” benefits, such as ecosystem functions and wildlife habitat, were critical to the
overall planning process. The basic premise behind species and community restoration is
the recovery of limiting habitat features, defined by their primary components, such as
food, water, cover, or reproduction. The primary goal of this study focuses on the
restoration of such components within the study area. To measure the success of the
ecosystem restoration proposals, the best available science was used. In most ecosystem
restoration studies, benefits are measured using quantifiable techniques rather than
qualitative assessments. It was important that the technique selected to quantify benefits
be repeatable, efficient, and effective, as results could be questioned by outside interests,
and there was a finite amount of time available for the study schedule and participants.
Although many rapid assessment techniques were applicable, for reasons described in the
next section, the USACE Los Angeles District selected the HGM (HydroGeoMorphic
Assessment of Wetlands) to quantify the anticipated habitat benefits gained/lost by
proposed ecosystem restoration alternatives for the Va Shly’ay Akimel ER-FS.

Introduction to the HGM Process

Wetland ecosystems often occur under a broad range of climatic, geographic, geologic,
and physiographic situations. In turn wetland systems often exhibit a wide range of
physical, chemical, and biological attributes and processes (Ainslie et al. 1999; Ferren,
Fiedler, and Leidy 1996; Ferren et al. 1996a, b; Mitch and Gosselink 1993; Semeniuk
1987; Cowardin et al. 1979). Wetlands do however, posses a number of common
attributes including significant periods of inundation or saturation, the presence of
hydrophilic vegetation, and hydric soils. The challenge is to develop assessment methods
that are both accurate and practical, that not only take into account similar traits, but also
the variability. There are existing “generic” methods designed to assess multiple wetland
types throughout the United States that are relatively rapid, but lack the resolution
necessary to detect significant change(s) in wetland function.

Reducing the level of variability exhibited by the wetlands being considered is one way
to achieve an appropriate level of resolution within an available timeframe (Smith et al.
1995). The HydroGeoMorphic Assessment of Wetlands (HGM) approach was developed
specifically to accomplish this task (Ainslie et al. 1999; Brinson 1993). HGM identifies
groups of wetlands that function similarly using three criteria: 1) Geomorphic Setting, 2)
Water Source, and 3) Hydrodynamics. These criteria are assumed to fundamentally
influence how the wetlands function. Geomorphic Setting refers to the landform and
position of the wetland in the landscape. Water Source refers to the primary water source
in the wetlands, e.g. precipitation, overbank flooding, or groundwater. Hydrodynamics
refers to the level of energy and the direction that water moves in the wetland. Based on
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these three criteria, any number of “functional” wetland groups can be identified at
different spatial or temporal scales. As a first approximation, the HGM approach uses
seven wetland classes (groups) as described below in Table 2-1 (Smith et al. 1995).

Table 2-1

Hydrogeomorphic Wetland Classes on a Continental Scale

Wetland Class Class Description

Depression Depression wetlands occur in topographic depressions (i.e., closed elevation

contours) that allow the accumulation of surface water. Depression wetlands
may have any combination of inlets and outlets or lack them completely.
Potential water sources are precipitation, overland flow, streams, or
groundwater/interflow from adjacent uplands. The predominant direction of
flow is from higher elevations toward the center of the depression. The
predominant hydrodynamics are vertical fluctuations that range from diurnal
to seasonal. Depression wetlands may lose water through evapotranspiration,
intermittent or perennial outlets, or recharge to groundwater. Prairie potholes,
playa lakes, vernal pools, and cypress domes are common examples of
depression wetlands.

Tidal Fringe Tidal fringe wetlands occur along coasts and estuaries, and are under the
influence of sea level. They intergraded landward with riverine wetlands
where tidal current diminishes and river flow becomes the dominant water
source. Additional water sources may be groundwater discharge and
precipitation. The interface between tidal fringe and riverine classes is where
bi-directional flows from tides dominate over unidirectional ones controlled
by the floodplain slope of the riverine wetlands. Because tidal fringe
wetlands frequently flood and water table elevations are controlled mainly by
sea surface elevation, tidal fringe wetlands seldom dry for significant periods.
Tidal fringe wetlands lose water by tidal exchange, by overland flow to tidal
creek channels, and by evapotranspiration. Organic matter normally
accumulates in the higher elevation marsh areas where flooding is less
frequent, and the wetlands are isolated from shoreline wave erosion by
intervening areas of low marsh. Spartina alterniflora salt marshes are a
common example of tidal fringe wetlands.

Lacustrine Fringe Lacustrine fringe wetlands are adjacent to lakes where the water elevation of
the lake maintains the water table in the wetland. In some cases, these
wetlands consist of a floating mat attached to the land. Additional sources of
water are precipitation and groundwater discharge, the latter dominating
where lacustrine fringe wetlands intergrade with uplands or slope wetlands.
Surface water flow is bidirectional, usually controlled by water-level
fluctuations resulting from wind or seiche. Lacustrine wetlands lose water by
flow returning to the lake after flooding and evapotranspiration. Organic
matter may accumulate in areas sufficiently protected from shoreline wave
erosion. Unimpounded marshes bordering the Great Lakes are an example of
lacustrine fringe wetlands.
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Table 2-1 continued.

Slope Slope wetlands are found in association with the discharge of groundwater to
the land surface or sites with saturated overland flow with no channel
formation. They normally occur on the sloping land ranging from slight to
steep. The predominant source of water is groundwater or interflow
discharging at the land surface. Precipitation is often a secondary
contributing source of water. Hydrodynamics are dominated by down-slope
unidirectional water flow. Slope wetlands can occur in nearly flat landscapes
if groundwater discharge is a dominant source to the wetland surface. Slope
wetlands lose water primarily by saturated subsurface flows, surface flows,
and by evapotranspiration. Slope wetlands may develop channels, but the
channels serve only to convey water away from the slope wetland. Slope
wetlands are distinguished from depression wetlands by the lack of a closed
topographic depression and the predominance of groundwater/interflow water
source. Fens are a common example of slope wetlands

Mineral Soil Flats Mineral soil flats are most common on interfluves, extensive relic lake
bottoms, or large floodplain terraces where the main source of water is
precipitation. They receive virtually no groundwater discharge, which
distinguishes them from depressions and slopes. Dominant hydrodynamics
are vertical fluctuations. Mineral soil flats lose water by evapotranspiration,
overland flow, and seepage to underlying groundwater. They are
distinguished from flat upland areas by their poor vertical drainage due to
impermeable layers (e.g., hardpans), slow lateral drainage, and low hydraulic
gradients. Mineral soil flats that accumulate peat can eventually become
organic soil flats. They typically occur in relatively humid climates. Pine flat
woods with hydric soils are an example of mineral soil flat wetlands.

Organic Soil Flats Organic soil flats, or extensive peat lands, differ from mineral soil flats in part
because their elevation and topography are controlled by the vertical accretion
of organic matter. They occur commonly on flat interfluves, but may also be
located where depressions have become filled with peat to form a relatively
large flat surface. Water source is dominated by precipitation, while water
loss is by overland flow and seepage to underlying groundwater. They occur
in relatively humid climates. Raised bogs share many of these characteristics
but may be considered a separate class because of their convex upward form
and distinct edaphic conditions for plants. Portions of the Everglades and
northern Minnesota peat lands are examples of organic soil flat wetlands.

Riverine Riverine wetlands occur in floodplains and riparian corridors in association
with stream channels. Dominant water sources are overbank flow from the
channel or subsurface hydraulic connections between the stream channel and
the wetlands. Additional sources may be interflow, overland flow from
adjacent uplands, tributary inflow, and precipitation. When overbank flow
occurs, surface flows down the floodplain may dominate hydrodynamics. In
headwaters, riverine wetlands often intergrade with slope, depressional,
poorly drained flat wetlands, or uplands as the channel (bed) and bank
disappear. Perennial flow is not required. Riverine wetlands lose surface
water via the return of floodwater to the channel after flooding and through
surface flow to the channel during rainfall events. They lose subsurface water
by discharge to the channel, movement to deeper groundwater (for losing
streams), and evapotranspiration. Peat may accumulate in off-channel
depressions (oxbows) that have become isolated from the riverine processes
and subjected to long periods of saturation from groundwater sources.
Bottomland hardwoods on floodplains are an example of riverine wetlands.
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The level of variability in the continental-scale wetland hydrogeomorphic classes
presented above is still usually too immense to develop assessment models that can be
rapidly applied while still being sensitive enough to detect changes in function at a level
of resolution appropriate to the USACE planning process in Arizona. As such, the three
classification criteria (geomorphic setting, water source, and hydrodynamics), were
applied at a smaller, regional geographic range to identify regional wetland subclasses.

Examples of such regional wetland subclasses are provided in Table 2-2.

Table 2-2

Potential Regional Wetland Subclasses in Relation to Geomorphic Setting,

Dominant Water Source and Hydrodynamics

Geomorphic Dominant Dominant Potential Regional Wetland Subclasses
Setting Water Source Hydrodynamics Eastern USA Western
USA/Alaska
Depression Groundwater or Vertical Prairie pothole California vernal

interflow marshes, Carolina | pools
Bays
Fringe (tidal) Ocean Bi-directional, Chesapeake Bay San Francisco Bay
horizontal and Gulf of marshes
Mexico tidal
marshes
Fringe (lacustrine) | Lake Bi-directional, Great Lakes Flathead Lake
horizontal marshes marshes
Slope Groundwater Uni-directional, Fens Avalanche chutes
horizontal
Flat (mineral soil) | Precipitation Vertical Wet pine Large playas
flatwoods
Flat (organic soil) | Precipitation Vertical Peat Bogs; Peatlands over
portions of permafrost
Everglades
Riverine Overbank flow Unidirectional, Bottomland Riparian wetlands

from channels

horizontal

hardwood forests

The resulting regional riverine wetland subclasses adopted for the Va Shly’ay Akimel
project were all associated with low gradient perennial and ephemeral river systems in
Arizona. Within these regional subclasses, homogenous zones exhibiting analogous
vegetative species, geographic similarities, and physical conditions that make the area
unique were defined as a Partial Wetland Assessment Area (PWAA). In all, 19 PWAA’s
were defined for the Va Shly’ay Akimel Project on the basis of species recognition and
dependence, soil types, and topography. The dominate vegetative cover types were used
within the PWAAs included Cottonwood — Willow, Wetland Marsh, Mesquite, and
Scrub-Shrub. River Bottom was defined as the active channel and included pool/riffle
aquatic areas, and open areas characterized by sand, cobble, and/or gravel. During the
planning and project formulation processes, various combinations of PWAA’s were
located within the project area and used to develop a range of restoration alternatives.
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In the HGM process, a Variable Sub index (VSI) is a mathematical relationship that
reflects a wetland function’s sensitivity to change in a limiting factor or variable within
the PWAA. In HGM VSIs are depicted using functional capacity curves where the VSI
value ranges from 0.0 to 1.0. A VSI = 0.0 represents a variable that is extremely limiting
while a VSI = 1.0 represents a variable in abundance for the wetland under consideration.
Hence the VST is used to bridge the gap between measured variables and the functional
value of an existing or proposed PWAA.

HGM model variables represent the characteristics of the wetland ecosystem (and
surrounding landscape) that influence the capacity of a wetland ecosystem to perform a
function. HGM model variables are ecological quantities that consist of five components
(Schneider 1994). These include: 1) a name; 2) a symbol; 3) a measure of the variable
and procedural statement for quantifying or qualifying the measure directly or calculating
it from other measurements; 4) a set of values [i.e., numbers, categories, or numerical
estimates (Leibowitz and Hyman 1997)] that are generated by applying the procedural
statement; and 5) units on the appropriate measurement scale. Table 2-3 provides several
examples.

Table 2-3
Components of a Model Variable.
Name (Symbol) Measure/Procedural Statement Resulting Units
Value(s) (Scale)

Redoximorphic Features | Status of redoximorphic features/visual Present / Unitless

(VREDOX) inspection of soil profile for redoximorphic Absent (nominal
features scale)

Floodplain Roughness Manning's Roughness Coefficient (n) observe 0.01 Unitless

(VROUGH) wetland characteristics to determine 0.1 (interval
adjustment values for roughness component to 0.21 scale)
add to base value

Tree Biomass (VTBA) Tree basal area/measure diameter of trees in 3 m~/ha
sample plots (cm), convert to area (mz). and 12.8 (ratio scale)
extrapolate to per hectare basis 36

HGM model variables occur in a variety of states or conditions in reference wetlands
(Ainslie et al. 1999). The state or condition of the variable is denoted by the value of the
measure of the variable. For example, tree basal area, the measure of the tree biomass
variable could be large or small. Similarly, recurrence interval, the measure of overbank
flood frequency variable could be frequent or infrequent. Based on its condition (i.e.,
value of the metric), model variables are assigned a variable sub index. When the
condition of a variable is within the range of conditions exhibited by reference standard
wetlands, a variable sub index of 1.0 is assigned. As the condition diverges from the
reference standard condition (i.e., the range of conditions that the variable occurs in
reference standard wetland), the variable sub index is assigned based on the defined
relationship between model variable condition and functional capacity. As the condition
of a variable deviates from the conditions exhibited in reference standard wetlands, it
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receives a progressively lower sub index reflecting its decreasing contribution to
functional capacity. In some cases, the variable sub index drops to zero. For example,
when no trees are present, the sub index for tree basal area is zero. In other cases, the sub
index for a variable never drops to zero. For example, regardless of the condition of a
site, Manning’s Roughness Coefficient (n) would always be greater than zero.

A desired result of the Va Shly’ay Akimel ER-FS process was to assess the functional
values of wetland habitat types (PWAAs) currently existing within the project area.
Further, estimates of these functional values were needed for PWAASs at selected times in
the future considering the Without Project scenario and With Project alternatives.
Wetlands perform a wide variety of functions, although not all wetlands perform the
same functions, nor do similar wetlands perform the same functions to the same level of
performance. The ability to perform a function is influenced by the characteristics of the
wetland and the physical, chemical, and biological processes within the wetland.

Wetland characteristics and processes influencing one function often also influence the
performance of other functions within the same wetland system. The eleven (11)
functions evaluated with HGM Functional Capacity Index (FCI) models used in the Va
Shly’ay Akimel ER-FS are found in Table 2-4.

Table 2-4
Wetland Functions Evaluated in HGM and Their Descriptions.
Wetland Function Description
(symbol)

Function 1: Maintenance of Channel Dynamics Physical processes and structural attributes that

(CHANNELDYN) maintain characteristic channel dynamics. These
include flow characteristics, bedload. in-channel
coarse woody debris inputs, channel dimensions,
and other physical features (e.g. bank vegetation,
slope).

Function 2: Dynamic Surface Water Storage/Energy | Dynamic water storage and dissipation of energy at

Dissipation bankfull and greater discharges. These are a

(WATSTORENR) function of channel width, depth, bedload, bank
roughness (coarse woody debris, vegetation, etc.),
presence and number of in-channel coarse woody
debris jams, and connectivity to off-channel pits,
ponds, and secondary channels.

Function 3: Long Term Surface Water Storage The capability of a wetland to temporarily

(WATSTORLNG) store/retain surface water for long durations;
associated with standing water not moving over the
surface. Water sources may be overbank flow,
overland flow, and/or channelized flow from
uplands, or direct precipitation.
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Table 2-4, continued.

Function 4: Dynamic Subsurface Water Storage
(WATSTORSUB)

Availability of water storage beneath the wetland
surface. Storage capacity becomes available due to
periodic drawdown of water table.

Function 5: Nutrient Cycling
(NUTRIENT)

Abiotic and biotic processes that convert elements
from one form to another; primarily recycling
processes.

Function 6: Detention of Imported Elements and

The detention of imported nutrients, contaminants,

Compounds and other elements or compounds.

(ELEMENTS)

Function 7: Detention of Particles Deposition and detention of inorganic and organic
(DETPARTICL) particulates (> 0.45 um) from the water column,;

primarily through physical processes.

Function 8: Maintain Characteristic Plant

Communities
(PLANTYS)

Species composition and physical characteristics of
living plant biomass. The emphasis is on the
dynamics and structure of the plant community as
revealed by the species of trees, shrubs, seedlings,
saplings, and herbs and by the physical
characteristics of the vegetation.

Function 9: Maintain Spatial Structure of Habitat
(HABSTRUCT)

The capacity of the wetland to support animal
populations and guilds by providing heterogeneous
habitats.

Function 10: Maintain Interspersion and
Connectivity
(INTERSPERS)

The capacity of the wetland to permit aquatic
organisms to enter and leave the wetland via
permanent ephemeral surface channels, overbank
flow, or unconfined hyporheic gravel aquifers. The
capacity of the wetland to permit access of
terrestrial or aerial organisms to contiguous areas of
food and cover.

Function 11: Maintain Protection Zone from Urban
Encroachment
(BUFFER)

Land use immediately adjacent to the wetland
should be compatible and afford a gradual transition
from the wetland habitat to developed areas.

HGM is an accounting system that can be used to estimate the functional value of the
study area wetland habitat(s) relative to the functional value of reference wetland
habitat(s). In the HGM process, the currency denoting functional value is defined as
Functional Capacity Units (FCU’s). A functional capacity unit considers two factors: 1)
the quality of the wetland habitat and 2) the quantity of the wetland habitat providing the

functional value(s).

The quality of the habitat is measured as the Functional Capacity Index (FCI). The FCI
is derived from limiting environmental factors (variables) associated with the various
functions attributable to wetland ecosystems. It is a function made up of arithmetic,
geometric, or multiplicative combinations of the VSI scores for each Cover Type within
each PWAA. VSI scores were obtained using a combination of field measurements made
in the project area and at reference site locations. Due to time and economic constraints,
and the need to estimate future conditions, several limiting environmental factors are
obtained through the use of literature searches, aerial photographic analysis, historical

and contemporary mapping and GIS products.
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Reference wetlands are wetland sites selected from a reference domain (a defined

. Geographic area), selected to “represent” sites that exhibit a range of variation within a
particular wetland type, including sites that have been degraded/disturbed as well as those
sites with minimal disturbance (Ainslie et al. 1999). The use of reference wetlands to
scale the capacity of wetlands to perform a function is one of the unique features of the
HGM approach. Reference sites provide the standard for comparison in the HGM
approach. Unlike other methods which rely on data from published literature or best
professional judgment, the HGM approach requires identification of wetlands from the
same regional subclass and from the same reference domain, collection of data from
those wetlands, and scaling of wetland variables to those data. Since wetlands exhibit a
wide range of variability, reference wetlands should represent the range of conditions
within the reference domain. A basic assumption of the HGM approach is that the
highest, sustainable functional capacity is achieved in wetland ecosystems and landscapes
that have not been subject to long-term disturbance (Smith et al. 1995). It is further
assumed that under these conditions the structural components and physical, chemical,
and biological processes within the wetland and surrounding landscape reach a dynamic
equilibrium necessary to achieve the highest, sustainable functional capacity. Reference
standards are derived from these wetlands and used to calibrate variables. However, it is
also necessary to recognize that many wetlands occur in less than standard conditions.
Therefore, data must be collected from a wide range of conditions in order to scale model
variables from 0.0 to 1.0, the range used for each variable sub index. To assist the user, a
list of key terms related to the reference wetland concept in the HGM methodology is
listed in Table 2-5.

Table 2-5
Reference Wetland Terms and Definitions
Term Definition
Reference Domain The geographic area from which reference wetlands
representing the regional wetland subclass are
selected.
Reference Wetland A group of wetlands that encompass the known

range of variability in the regional wetland subclass
resulting from natural processes and disturbance and
from human alteration.

Reference Standard Wetlands The subset of reference wetlands that perform a
representative suite of functions at a level that the
wetlands is both sustainable and characteristic of the
least human altered wetland sites in the least altered
human landscapes. By definition, the functional
capacity index for all functions in the reference
standard wetlands are assigned a 1.0.

Reference Standard Wetlands Variable Condition The range of conditions exhibited by model
variables in reference standard wetlands. By
wetland variable definition, reference standard
conditions receive a variable sub index score of 1.0.

———
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Table 2-5, continued.

Site Potential — Mitigation Project Context The highest level of function possible, given local
constraints of disturbance history, land use,
mitigation project or other factors.

Project Target — Mitigation Project Context The level of function identified or negotiated for a
restoration or creation project.
Project Standards — Mitigation Project Context Project standards, performance criteria, and/or

specifications used to guide the restoration or
creation activities (mitigation context) toward the
project target. Project standards should specify
reasonable contingency measures if the project
target is not being achieved.

A FCI score varies between 0.0 and 1.0 because the value is determined as the ratio of the
study area conditions to those measured or estimated at a reference wetland standard. An
index of 0.0 indicates the wetland does not perform the function at a measurable level and
will not recover the capacity to perform the function through natural processes.
Conversely, an index of 1.0 indicates that a wetland performs a function at the highest
sustainable functional capacity, the level equivalent to a wetland under reference standard
conditions in a reference domain. An HGM model developed for a given subclass of
wetlands is essentially an assimilation of several FCI models to evaluate overall site
functionality. All FCI models are described using a single FCI formula. Some examples
of HGM FCI models include floodwater detention, internal nutrient cycling, organic
carbon export, removal and sequestration of elements and compounds, maintenance of
characteristic plant communities, and wildlife habitat maintenance.

The quantity is merely the number of acres of a cover type or partial wetland assessment
area (PWAA) receiving the FCI score. When the FCI is multiplied by the number of
acres present, the results is the relative value (FCU) of the wetland habitat being
considered. More precisely, the resulting FCU value provides a means of assessing the
gains or losses in functional value for a single target year of interest. In order to assess
the functional value of restored wetland habitats relative to reference wetlands over time,
gains and losses are averaged over the life of the project. This resulting meter is termed
the AAFCU or average annual functional capacity units.

In summary, HGM combines both the wetland functionality (FCIs) developed with
measured/estimated variables and areal extent of a site to generate a measure of change
referred to as Functional Capacity Units (FCUs). Once the FCI and PWAA quantities
have been determined, the FCU values can be mathematically derived with the following
equation: FCU = FCI x Area (measured in acres). When the HGM process is employed,
one FCU is equivalent to one optimally functioning wetland acre. HGM can be used to
evaluate future conditions and the long-term effects of proposed alternatives by
generating FCUs for wetland functions over several target years (TYs). In such cases,
future wetland conditions are estimated for both Without Project and With Project
conditions. Projected long-term effects of the project are reported in terms of Average
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Annual Functional Capacity Units (AAFCUs) values. Based on the AAFCU results,
alternative designs can be formulated and trade-off analyses can be simulated to optimize
ecosystem restoration efforts.

Ecosystem Evaluation Using HGM

The process of applying the HGM methodology involves 12-steps. The following
sections will define each step and provide a narrative of how it was applied specifically to
the Va Shly’ay Akimel ER-FS. To begin, the 12 steps involved in the application of
HGM while assessing this ecosystem project were:

Build a multi-disciplinary Evaluation Team (E-Team).
Define the project.

Determine goals and objectives, project life, and Target Years.
Cover type mapping of the site(s).

Select, modify, and/or create model(s).

Conduct field sampling.

Perform data management and statistical analyses.
Calculate Baseline Conditions.

Generate Without Project Conditions and calculate outputs.
10 Generate With Project Conditions and calculate outputs.
11. Develop relative value indices and perform trade-offs.

12. Report the results of the analyses.

R R R

Build a Multi-Disciplinary Evaluation Team (E-Team)

In HGM, an interagency, interdisciplinary evaluation team (E-Team) must be established
to lead the model selection and model development phase of the project. Most
importantly, this team must be composed of individuals that are well-versed in the natural
history, ecology, and institutional constraints of the project area so that baseline and
future conditions of the site(s) can be established.

The Va Shly’ay Akimel ER-FS activities were coincident with four other ecosystem
restoration project feasibility studies in Arizona. Three of these projects are located in
and around the Tucson, Arizona metropolitan area in reaches of the Santa Cruz and the
Rillito Rivers. The fourth is located downstream of the Va Shly’ay Akimel project on the
Salt River in the Phoenix, Arizona metropolitan area. Evaluation teams were developed
for each of these projects and team commitments were established at a 3-day meeting
held in Tucson, Arizona March 26 — 28, 2001. The goal of this meeting was to develop
an Arizona Riverine Model based upon the HGM methodology. The overall evaluation
team was comprised of individuals from agencies, project stakeholders, private
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consultants, and academia. Together these individuals brought together the necessary
technical expertise to support planning efforts requiring disciplines related to botany,
soils, hydrology, and wildlife ecology. In addition, the project team included individuals
responsible for project design and management. Those individuals that attended the
March 2001 Tucson meeting are provided in Table 2-6 located below.

Table 2-7 provides a listing of the E-Team members that attended the Tucson Meeting,
but were assigned specific tasks relating to the Va Shly’ay Akimel ER-FS. These
individuals participated in the model selection and modification activities conducted at
the Tucson meeting, but were also responsible for assisting the Va Shly’ay Akimel study
managers with the selection of reference wetlands, collection of field data, data
management and reduction, mathematical calculations, and alternative formulation
specific to the study area. Field data were collected on two sampling events during the
week of April 22, 2002. In June of 2002, the team met to discuss Baseline and Without
Project results. The team then met in August, 2002 to project future With-Project
conditions for the HGM models.

Table 2-6

Attendees to “The HGM Approach for the Arizona Streams Restoration Model Development
Meeting”’, March 26-28, 2001

Tucson, Arizona.

Name Organization | Discipline Name Organization | Discipline
/Company /Company
Name Name
Nick Adel | CE LA District | Hydrologist/Hydraulic | Robert RECON Biologist
Meyer Engr. MacAller
Sam CE LA District | Study Manager Kevin Jones & Stokes | Ecosystem
Arrowood | —PHX MacKay Restoration
Planner
Kathy CE LA District | Study Manager Ralph Tucson Water | Hydrologist/
Bergmann | — PHX Marra Department Groundwater
Mark Briggs. Inc. Ecologist & Soils Mike USFWS Biologist
Briggs Martinez
Kelly CE ERDC Facilitator Glenn CE LA District | Hydraulic Engr.
Burks- Mashburn
Copes
Karen City of Study Manager Mark Marana Biologist
Dada Phoenix Meyers
Carla Pima County Hydrologist Lynn Pima County Hydrologist
Danforth Orchard
Dawn Daw | SRPMIC Biologist Dixie SRPMIC Range Manger
Padilla
Steve CE LA District | Archeologist Becky Pima County Civil Engineer
Dibble — Env Coord. Pearson
Kayla CE LA District | Study Manager Phil AZ Geological | Hydrologist/
Eckert —PHX Pearthree Survey Geomorphologist

Table 2-6, continued.

Scott

| CE LA District | Study Manager

| Phil Rosen | Pima County

[ Ecologist & |
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Estergard — PHX Soils
Mike Fink | CE LA District | Biologist Sherry AZ G&F Ecologist
— PHX Ruther
Julia Pima County Ecologist & Soils Linda Tucson Water Planner
Fonseca Smith Department
Debra Fein | SRPMIC Biologist Pam AZ G&F Fisheries
Sponholtz Biologist
Jonathan JE Fuller & Hydrologist/ Julie Arizona State Botanist
Fuller Assoc. Geomorphologist Stromberg | University
Sara Gerke | Wass Gerke & | Hydrologist Michele Jones & Stokes | Project Manager
Assoc., Inc. Waltz
Douglas Arizona State Soils Jennifer Marana Study Manager
Green University Ward
Tom Pima County Hydrologist Roland Wass Gerke & | Aquatic
Helfrich Wass Assoc., Inc. Biologist & Soils
Collum City of Mesa Biogeochemical Antisa CE ERDC Facilitator
Hunter Webb
Martin University of Biologist/Botanist & Bili AZ G&F Ecologist
Karpiscak Arizona (OAL) | Soils Werner
Ken SWCA Biologist Lori RECON Biologist
Kingsley Woods
Michael Jones & Stokes | Biologist
Langley
Table 2-7
Va Shly’ay Akimel Evaluation Team
Name Organization | Discipline Name Organization | Discipline
/Company /Company
Name Name
Nick CE LA District | Hydrologist/Hydraulic | Sarah CE LA District | Biologist
Adelmeyer Engr. Laughlan
Kelly CE ERDC Facilitator Mike USFWS Biologist
Burks- Martinez
Copes
Dawn Daw | SRPMIC Biologist Glenn CE LA District | Hydraulic Engr.
Mashburn
Kayla CE LA District | Study Manager Ralph Tucson Water | Hydrologist/
Eckert — PHX Marra Department Groundwater
Debra Fein | SRPMIC Biologist Dixie SRPMIC Range Manger
Padilla
Sara Gerke | Wass Gerke & | Hydrologist Michele Jones & Stokes | Project Manager
Assoc., Inc. Waltz
Douglas Arizona State Soils Roland Wass Gerke & | Aquatic
Green University Wass Assoc., Inc. Biologist & Soils
Collum City of Mesa Biogeochemical Antisa CE ERDC Facilitator
Hunter Webb
Michael CE LA District | Hydrologist/Hydraulic | Bill AZ G&F Ecologist
Hrzic Engr Werner
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Defining the Va Shly’ay Akimel Project

The following information (geographic location, project purpose, presettlement
conditions, and the overall ecosystem restoration approach) gathered by the LA District,
Phoenix Planning Group has been used to the define the overall Va Shly’ay Akimel ER-
ES project.

Geographic Location, Counties, Watersheds, and Primary Water Sources

The Va Shly’ay Akimel study area is located in south central Arizona, in the eastern
portion of Maricopa County. The project study area is entirely within the Lower Salt
watershed (USGS Cataloging Unit: 15060106). The project reach is bounded on the
upstream by Granite Reef Diversion Dam and on the downstream by the Pima Freeway
101. The Salt River is ephemeral throughout this 17 mile reach.

Granite Reef Dam

Salt River

Figure 2-1.
Location Map for the Salt River Va Shly’ay Akimel Project identifying key features and project sub-

areas.

The primary water resources for this project include five potential water sources: 1) Salt
River Project water from the Hennessey drain and diversion channels, 2) groundwater
from existing and new wells, 3) storm water, 4) City of Mesa Wastewater Treatment
Facility water and 5) surface water available for use by the Pima Maricopa Indian
Community, as shown in Figure 2-2. The current alternatives rely solely on surface

e ————— e
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water. According to the Pima Maricopa Indian Community staff, a sufficient amount of
this water can be allocated to this project. Therefore, only surface water outlet sources
are considered. This does not however, preclude the necessity of a secondary water
source in future alternative iterations.

"AG‘r‘anite ﬁeef .

Irrigation Canals

Gilbert Road

iTreatment Facility

|

i

Existing Storm Drains

Figure 2-2

Potential primary water resources for the project.
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Lead District

The Va Shly’ay Akimel ER-FS falls under the purview of the USACE Los Angeles
District, South Pacific Division. The Environmental Coordinator is Mr. Steve Dibble, and
the Study Manager is Ms. Kayla Eckert. The local sponsors are the Salt River Pima
Maricopa Indian Community (SRPMIC) and the City of Mesa, Arizona. Study efforts
are being conducted in coordination with USACE, SRPMIC, City of Mesa, other federal
agencies, state resource agencies, and concerned members of the public.

Project Evolution and Purpose

Problems and opportunities were identified, defined, and assessed through coordination
with local and regional agencies, the public involvement process, site assessments,
interpretation of prior studies and reports, and review of existing water projects. Several
significant problems and opportunities specific to the Va Shly’ay Akimel project reach

are provided below:

e Degraded river and adjacent overbank areas, due to upstream water resources
development, has eliminated native riparian plant species and wildlife habitat.
Perennial base flow conditions critical to the needs of native vegetation no longer
exists in the river corridor through the study area.

e The average depth to groundwater beneath the river channel is much greater than
historic conditions. Riparian vegetation that depends on groundwater has largely
disappeared from the river channel.

e Lack of natural flood regime. Hydrologic changes in the river system have
impacted the surface/groundwater interactions and sedimentation dynamics that
are important for sustaining and recruiting riparian vegetation.

e Land Use changes, including landfills and mineral extraction (sand and gravel
mining), have degraded and contributing towards continued degradation of the
river corridor.

e There is an opportunity to take advantage of existing open-water bodies in the
river and adjacent properties as potential restoration sites.

e There is an opportunity to link other upstream and downstream restoration
projects to provide a continuous habitat and flood control corridor. These include
the authorized Rio Salado and Tres Rios projects.
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The purpose of this feasibility study is ecosystem restoration on the Salt River. Riparian
habitats are the most valuable wildlife habitats found within Arizona. Approximately 70-
80% of all wildlife species in the state are obligate or totally dependent on these habitats
for their survival. The cottonwood-willow (Populus fremontii-Salix gooddingii)
community, in riparian systems, is by far the most valuable of all the community types to
wildlife, especially birds.

Historically the Salt River was ephemeral and supported significant amounts of riparian
and wetland vegetation. Unfortunately, much of the cottonwood-willow community has
been lost or degraded over the past century. The opportunity exists to restore riparian
habitat along the Salt River from the Granite Reef Diversion Dam to Price Road (101).
Historical records contain descriptions of the cottonwood-willow community along the
Salt River, which has since been lost to water management activities. Today the Salt
River in the Va Shly’ay Akimel study area is ephemeral and dominated by facultative or
obligate upland species. Exceptional hydro riparian areas exist in the upper most and
downstream most sections and despite intensive land use and hydraulic alterations still
persists as vestiges of important riparian areas. The Va Shly’ay Akimel project intends to
restore new and augment these existing riparian areas.

Of the roughly 260,000 acres of floodplain in the state, only 4% or about 10,000 to
11,000 acres support this valuable wildlife community. Therefore, any opportunity to
revegetate floodplain habitats with this community is a valuable addition to the landscape
and the wildlife.

Presettlement Conditions of the Region

Along the Va Shly’ay Akimel reaches of the Salt River, water once flowed perennially
and supported substantial growth of cottonwoods, willows, and mesquites. Historical
accounts of conditions on the Salt River by Hiram C. Hodge (1877) describe a tree-lined,
narrow river approximately 200-ft wide and 2 to 4-feet deep during low water periods.
During the past 150 years, the lower Salt River underwent modifications attributable to
both natural and anthropogenic functions and activities.

The Ecosystem Restoration Approach

By definition, an ecosystem can be described as an integrated unit, identified as a biotic
community conjoined with its physical environment. Inherent within this definition is the
concept of a structural and functional system, unified through life processes. Ecosystems
are hierarchical and can be viewed as nested sets of open systems in which the physical,
chemical, and biological processes form interactive subsystems. Ecosystem restoration
efforts can be directed at different-sized ecosystems within the nested set, spanning
multiple states, more localized watersheds, or smaller complexes of habitat. The Va
Shly’ay Akimel project provides a unique opportunity for ecosystem restoration. The
study site is small enough to adequately assess the biotic communities and implement
meaningful restoration efforts, yet large enough to function as an important biological
area in an urban setting, providing habitat and corridor to species in and around the study
site.
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Discharges to the Va Shly’ay Akimel reach of the Salt River are controlled by a series of

.dams located upon the upper Salt and Verde River systems. These dams create reservoir

storage and are integral to the social and economic development of the downstream
communities. However, coupled with mineral extraction, recreation, illegal dumping,
and stressors arising from adjacent land uses the altered hydrology of the reach has
resulted in degradation of riparian habitat and its associated habitat benefits in the project
reach. The fact that the project reach has been altered from a perennial to an ephemeral
system drives the Va Shly’ay Akimel ES-FS. As such, for those areas within the project
that have access to an existing or proposed perennial water sources, hydro riparian
cottonwood and willow communities could be established or existing one augmented. At
areas within the project reach that lack a perennial water source, facultative upland
vegetation native to the Sonoran desert could be restored and/or created.

Setting Planning Objectives and Goals

Objectives

The Va Shly’ay Akimel project planning objectives were developed by the LA District
USACE Phoenix office. The objectives developed reflect the problems and opportunities
and represent desired positive changes in the Without Project conditions. The first
planning objective is to increase the native riparian plant and wildlife habitat values,
diversity and functions from the Granite Reef Dam to the Pima Freeway 101. Elements
of diversity include establishing multiple native riparian plant species, providing
sufficient open space for wildlife, and providing open-water aquatic and wetland features
for wildlife benefits. Another objective of this project is to attract wetland and riparian
avian species to the study area. Further, this project should establish and augment the
presence of native species diversity in the study area, while suppressing undesirable and
nonnative vegetation, fish, and wildlife species.

During October, 2002, members of the Va Shly’ay Akimel E-Team and the study
managers developed a refined list of objectives and identified constraints to guide the
formulation of alternatives. The six (6) objectives are provided in Table 2-8.

Table 2-8
Va Shly’ay Akimel study objectives and constraints refined during an E-Team Meeting October 17,

2002.

Objective Constraint(s)
Mimic the mosaic of riparian habitat found | Do not introduce non-native species.
in HGM Arizona reference sites. Do not worsen vector problems.

Do not cause erosion problems.
Do not increase regulatory burden.
Do not increase bird strike hazards.

Reduce flood damages on the Salt River Do not worsen flood hazards.
between Granite Reef Dam and the Pima Minimize structural solutions.
Freeway (101) through the year 2050.
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Table 2-8, continued.

Increase the number of sustainable acres of
Cottonwood-Willow forests.

Accept the loss of existing habitat by
offsetting losses with creation of new
cottonwood-willow forest at a level of 0.5
acres.

Increase the number of sustainable acres of
Mesquite Bosque in the project reach.

No net loss of mesquite habitat.

Increase the number of sustainable acres of
desert riparian scrub shrub habitat.

Accept some loss of this habitat type due to
creation of new habitat iypes.

Increase the number of sustainable acres of
emergent wetlands.

Accept loss of up to 50% of river bottom
and offset losses with the creation of new
river bottom that includes emergent marsh
features.

Convert 656.3 acres of degraded sand and
gravel, agricultural, desert and river bottom
areas into sustainable riparian habitat.

Coordinate with Salt River Sand and Rock
to the level that the Tribal Council desires.
Do not degrade the river’s economic
benefits to the community.

Secure the local project sponsor’s
commitment to water supply for the life of
the project.

Remain sensitive to SRPMIC citizens
concerns regarding use of treated effluents.
Do not limit use to existing drains and
outfalls.

Do not degrade or otherwise negatively
impact groundwater resources.

Do not ignore limited water resources.

Provide appropriate level of recreation
consistent with environmental restoration.

Do not increase public access “too much”.
Provide appropriate level of access and
egress to/from the river corridor.

Reestablish culturally significant resources.

Do not degrade existing cultural sites.

Increase public awareness of the Salt River
ecology.

Establish a comprehensive Operations and
Maintenance manual including a
monitoring and adaptive management plan.

Establish appropriate connectivity and
coordination with downstream
ecorestoration project(s).

Goals

The primary goal in the Va Shly’ay Akimel ER-FS is ecosystem restoration. The
ecosystem restoration goal consists of hydraulic, vegetation, then eventually species
restoration. First, hydraulic connections between the river and washes, channels, basins,
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and adjacent vegetation communities would be restored to the extent practicable. These
restoration efforts should mimic historic, natural conditions harvesting water, trapping
sediments, facilitating water absorption, and providing water to vegetation. Next, the
vegetation communities, both in and adjacent to the river channel, should be enhanced
and additional planting should occur. Irrigation would be necessary to help establish
some vegetation communities. With the restoration of the vegetation communities,
habitat structure should improve with a commensurate increase in the wildlife species in
the area. This approach to restoration, focusing on the wetland functions as well as the
habitat and vegetation structure, eventually will lead to a more natural ecosystem with
wetland functions, habitat structure, and dynamic processes that are currently degraded.

As part of the process of setting project goals, performance targets were established for
HGM model functions that indicate the quality of the functions. These are discussed in
greater detail in the section titled, “Selecting and Modifying the FCI Models for HGM

Analysis” of this report.

The Va Shly’ay Akimel Team considered various desert riparian vegetation communities
and eventually identified five (5) that were deemed important to the success of this
ecosystem restoration effort. These communities include:

Rank Community
1 Cottonwood/Willow Forest

Mesquite

Emergent Wetlands

Lower Sonoran Desert (Scrub/shrub)
River Bottom

N W

The general physical requirements for implementation of each habitat type are as follows:

1) Cottonwood/Willow (CW) — CW stands are restricted to the near over bank area
of streams and rivers, or other areas with saturated soil conditions. They require a
water table, or saturated soil conditions, less than 10-ft below the ground surface
and have annual water demands ranging from 4 to 8.5 ft/yr. For the purpose of
this study, the assumed water demand is an average of 6.3 ft/yr. Soils range from
finer sediments to sandy soils that are low in nutrients, allowing for maximum
water retention and therefore a higher survival rate of seedlings in select areas.

In areas where grading may be required, uneven grading is most beneficial,
allowing for depressions where sediment can collect and shelter seeds for
establishment. Due to the relatively high water demands of CW, a drip irrigation
system may be used to help ensure establishment. Once established, CW stands
will rely on a local Surface Braided Irrigation Network (SBIN) for its water
needs.
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2) Mesquite (MS) — MS are commonly found 5-20 feet above the river channel
where soil moisture is sufficient. They require a water table, or semi-saturated
soil conditions, 10-30 ft below surface elevation, and can withstand occasional
saturated conditions 1-3 feet below surface. The annual water demand for MS is
between 2.0 and 4.0 ft/yr. For the purpose of this study, assume a water demand
average of 3.0 ft/yr. Soils can be fine to gravelly with some rocky areas and are
typically rich due to nitrogen fixation. A drip irrigation system may be necessary
to establish the MS. However, once established, the MS will rely on a SBIN for
its water needs. Previous restoration efforts have shown that MS can survive on
natural precipitation alone, even when groundwater s not available. However,
this cannot be assumed true for all locations. Theretore, a site specific evaluation
should be performed before determining if or how much supplemental water is
required.

3) Emergent Wetland (WT) - WT areas can consist of open water, submerged
vegetation or muddy shorelines, all requiring a high water table level at or near
the surface. The annual water demand is between 6 and 16 ft/yr. For the purpose
of this study, assume a water demand average of 12.5 ft/yr.

Due to the porous soils found in this project area, lining the WT will be required
to maintain surface water in areas not underlain by low permeability soils.
Excavation and layering of a silt clay soil substrate overlain by a mixed gravel,
and finally, cobble layer, is recommended. The proposed soil structure would
reduce disturbance of the soil-clay layer by reducing piping of fine material and
reducing turbulent forces acting on the layer.

Storm drain outlets located near WT will require erosion control and energy
dissipation measures at the outlets to prevent scouring. To distribute water from
the WT laterally, a series of drainage ditches will be constructed from the WT and
incorporated into other areas that require irrigation. The ditches will be
semicircular in shape with a top width of 4 ft and maximum depth of 2 ft. The
drains will increase lateral dispersion of runoff to maximize the storm water
benefit.

The WT will also be designed with an outlet channel leading to the main channel.
The preliminary design of the outlet channel calls for a 20 ft bottom width, 4 ft
maximum depth, 2:1 side slopes, 300 ft in length and large cobble bottom.
Design Q =. Not all proposed WT would require an outlet channel.

4) Sonoran Desert (SD) — The specific vegetation species can vary depending upon
the site’s soil aggregate type. However, proposed vegetation types will not
require saturated soil conditions and will have an annual water demand between
0.5 to 2.5 ft/yr. For the purpose of this study, assume an average water demand of
2.0 ft/yr. The SD may need to be periodically inundated the first 1-5 yrs to
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establish the vegetation. Once established, SD should be sustained by annual
precipitation or with periodic inundation during extreme drought periods.

5) River Bottom (RB) - RB will require only surface material reshaping including,
partially filling large depressions and excavating large mounds to reduce possible
impacts to restoration efforts. River bottom areas may also require hydro-seeding
with a variety of native river bottom shrub species to help establish vegetation.
These plants will be sustained with natural precipitation and any tail water that
may enter the river from other feature irrigation systems. Irrigation is not
recommended.

In general, wetlands and cottonwood willow forests require more water than Sonoran
desert and mesquite bosques, the latter which typically occur adjacent to river channel
and are subject to periodic inundation. The goal is to restore these vegetation
communities to a functioning “PWAA” with hydrologic connections to the river and
other ecosystem functions. Additional details regarding performance targets are
discussed in the section titled “Cover Typing and PWAAS”.

Selection of Project Life and Target Years

Given the project goals and objectives, a “project life” of 50 years was designated for the
Va Shly’ay Akimel ER-FS. A series of target years within this 50-year setting were
designated to generate projections of both Without Project and With Project activities.
Target years for the study include TYO (baseline conditions), TY1 (year of construction),
TY6 (year the planting efforts would be completed), TY26 (year to capture significant
anticipated ecosystem changes), and TY51 (end of project). TY26 was added to capture
significant anticipated changes in vegetative cover, structure, and hydraulic functions in
the study area as the habitat develop and mature.

Cover Typing

The goal of the Va Shly’ay Akimel ecosystem restoration study is to restore significant
ecosystem functions, structure, and dynamic processes that have been degraded. In the
HGM process, the study area is divided into manageable sections and quantified in terms
of hectares or acres, in order to evaluate the habitat conditions for a species or
community. Such sections are called cover types or PWAAs. A cover type is a parcel of
land (or water) that has similar physical, chemical, and biological characteristics
contained within its borders. A PWAA is an area of land (or water) that has similar
physical, chemical, and biological characteristics, as well as a hydrologic connection to
the ecosystem. In HGM the basic difference between a PWAA and a cover type is that
the PWAA has a functioning hydraulic connection to the ecosystem. For example, a
mesquite bosque area that is periodically inundated by water flow from the river channel
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is considered to be a mesquite PWAA, whereas a mesquite bosque area that is
disconnected from the hydraulics of the river channel (i.e., behind a soil cement levee)
and is not inundated, is considered a mesquite cover type outside the PWAA. The
purpose in distinguishing between PWAA’s and cover types in HGM is to emphasize the
functional hydrologic connection between ecosystem components. Frequently in HGM,
cover types (i.e., buffer, ag crop, etc.) are listed in tables along with PWAA’s for
convenience, but it is important to remember the difference.

In HGM, the functionality of each PWAA is determined by measuring variables that are
associated with functions. Some examples of HGM variables include course woody
debris, porosity, subsurface inflow, flood-prone area, and depth to saturated soil. In most
instances, these variables are measured using aerial photographs, maps, or on-site
sampling activities.

For the Va Shly’ay Akimel ER-FS, PWAA’s and cover types were delineated. The list of
existing cover types in the study area along with the baseline acreages is listed in Table 2-
9. In addition, PWAAs were identified that reflect the desired functioning vegetation
communities in the restoration alternatives. These “newly developed” PWAAs are also
listed in Table 2-9.

== —————————————————— —————————————————]
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Table 2-9
Cover types and baseline acreages for the Va Shly’ay Akimel study area.
Baseline
Acres
No. Code PWAA Description (TYO)
1 AGCROP Farms and Croplands - Dairy, Cotton, and Alfalfa 249.70
2 BUFFER Existing Buffer Zones - Mesquite, Ironwood, Rabbitbush, Quailbush, Cat-claw Acacia, Palo Verde, and Creosote 0.00
3 CTWWFOR Existing Cottonwood-Willow Forests in the Active Channel 69.50
4 DESERT Desert Areas - Bare Earth, Cacti, Rabbitbush, Acacia 961.90
5 DITCHES Ditches 56.50
6 MESQUITE Existing Mesquite Woodlands - on the Terraces and in the Active Channel 4.10
Newly Planted Upland Buffer Zones - Mesquite, Ironwood, Rabbitbush, Quailbush, Cat-claw Acacia, Palo Verde, and
7 NEWBUFFER Creosote 0.00
8 NEWCWWFOR |Newly Planted Cottonwood-Willow Forests in the Active Channel 0.00
9 NEWMESQUIT |Newly Planted Mesquite Woodlands - on the Terraces and in the Active Channel 0.00
10 NEWOPENWAT |Newly Developed Open Water Areas in the Active Channel 0.00
11 NEWRVRBOTM |Newly Developed River Bottom Areas in the Active Channel - Largely Unvegetated (Includes Emergents) 0.00
12 NEWSCRUB Newly Planted Scrub-Shrublands in the Active Channel 0.00
13 OPENWATER |Existing Open Water Areas in the Active Channel - Inactive Sand and Gravel Operations 100.50
14 PARKS Parks and Recreation Areas 9.60
15 RIVERBOTTM |[Existing River Bottom Areas in the Active Channel - Largely Unvegetated (Includes Emergents) 334.60
16 SANDGRAVEL |Existing Sand and Gravel Operations/Extractions in the Active Channel 1651.60
17 SCRUBSHRUB Existing Scrub-Shrublands in the Active Channel - Rabbitbush, Quailbush, Ironwood, and Saltbush 2057.10
18 SOILCEMENT |Existing Soil Cement Areas on the Slopes of the Active Channel 33.90
19 URBAN Existing Residential, Industrial and Transportation Avenues 341.60
TOTAL:| 5870.60
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After the PWAASs were identified, the E-Team attempted to set quantifiable restoration
performance measures for the proposed study (Table 2-10). In most instances, these
success criteria focused on the recovery of a specific PWAA, defined on the basis of
quantity recovered (measured in acres), and obtainable habitat quality (measured in terms
of Variable Suitability Indices or VSIs).

Table 2-10
Goals and objectives per PWAA.
PWAA Code PWAA Description Target Notes
Acreages
CTWWEFOR Existing Cottonwood- 63.0 Accept 10% loss of
Willow Forests in Active Existing CTWWFOR
Channel Acreage
MESQUITE Existing Mesquite 4.0 Preserve/Protect
Woodlands — on the Existing Mesquite
Terraces and in Active
Channel
NEWCWWEFOR Newly Developed 150.0 Convert from
Cottonwood-Willow Forests SANDGRAVEL
NEWMESQUIT | Newly Developed Mesquite | 300.0 CONVERT from
Woodlands on Terraces and SANDGRAVEL,
in Active Channel DESERT
NEWRVRBOTM Newly Developed River 75.0 Convert from
Bottom Areas within the SANDGRAVEL
Active Channel — Largely
Unvegetated (Includes
Emergents)
NEWSCRUB Newly Developed Scrub- 1,000.0 Convert from
Shrublands in the Active SANDGRAVEL
Channel
RIVERBOTTOM | Existing River Bottom Areas | 334.0 Accept no net loss of
within the Active Channel — RIVERBOTTOM
Largely Unvegetated
(Includes Emergents)
SCRUBSHRUB | Existing Scrub-Shrublands | 2056.0 Preserve Existing

in the Active Channel

SCRUBSHRUB

Selecting and Modifying the HGM Models

In HGM assessments, FCI models for HGM subclasses are only just beginning to become
available for application. The ERDC-EL team is currently leading a research work unit
under the Ecosystem Management and Restoration Research Program (EMRRP) for the
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development of HGM subclass models. The subclass model used for the Va Shly’ay
Akimel study is the Arizona Riverine Overbank Model. In HGM, wetland functions are
identified and expressed in terms of a mathematical model, or FCI model. Several FCI
models are usually selected for a HGM assessment and justifications are given that
address the applicability of the FCI model to the wetland functions, as well as, the
regional model. Some models selected are often associated directly with the proposed
restoration improvements for the project, such as plant communities, or habitat structure.
Other models may be selected that focus on water functions, such as water storage or
channel dynamics, or biogeochemical functions such as nutrient cycling or detention of
particles.

Models can be single formula, considering only a few variables, or multiple- formula,
considering many variables. An example of a single formula model would be the
dynamic subsurface water storage function, which considers the depth to saturated soil.
An example of a multiple formula model would be the dynamic surface water storage and
energy dissipation function which considers water variables such as frequency of
flooding and the flood-prone area, as well as, habitat variables such as total vegetation
volume and course woody debris. For the Arizona Riverine Overbank HGM Model, 11
FCI models were selected that can be sorted into three general “groups”. Four FCI
models were selected that focus on water functions, three models were selected that focus
on biogeochemical functions, and four models were selected that focus on habitat
functions. These FCI model functions are listed in Table 2-11, along with the associated
variables for each function formula, while Appendix 1 provides details of the
mathematical calculations used for each function. It is important to note that many of
the variables are applicable to several of the functions in all three of the groups.

Table 2-11
FCI function models, variables, and performance target.
Code Name Variable Performance | Performance | Anticipated
Association WP TY 51 WP TYS51 WP TY 51
Target Target AAFCU
(FCI) (AAFCUs) Gains

CHANNELDYN | Function 1: FPA
Maintenance of Q
Channel SED 0.28 689 0
Dynamics

WATSTORENR | Function 2: FPA
Dynamic Surface | FEQ
Water TOPO 0.57 1324 369
Storage/Energy
Dissipation

WATSTORLNG | Function 3: Long | PORE
Term Surface SUBIN 0.09 234 163
Water Storage TOPO

WATSTORSUB | Function 4: DEPSATSED
Dynamic 0.08 194 63
Subsurface
Water Storage
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Table 2-11, continued.
NUTRIENT Function 5: CWD
Nutrient Cycling | DEC'AY 0.50 1152 346
FWD
ELEMENTS Function 6: FREQ
Detention of LITTER
Imported PORE 0.33 821 95
Elements and
Compounds
DETPARTICL Function 7: FPA
Detention of FWD 0.50 1157 456
Particles SED
PLANTS Function 8: SPECRICH
Maintain TVV
Characteristic WIS 0.70 1617 264
Plant
Communities
HABSTRUCT Function 9: FWD
Maintain Spatial | LITTER
Structure of VEGSTRATA 0.45 1040 151
Habitat
INTERSPERS Function 10: FREQ
Maintain TOPO
Interspersion and | TRIB 0.40 926 72
Connectivity
Average
Net 915 198
AAFCUs

Variables Used in the HGM FCI Models
Thirty-five (35) HGM variables was considered for use in the Arizona Riverine HGM
Model development. Some of the variables were deemed not necessary and/or redundant
so the Master List for the Va Shly’ay Akimel ER-FS resulted in a total of 27 variables as
shown in Table 2-12 along with a brief description. The variables that were changed or
deleted from the original list of 35 are provided in Appendix A, along with the
justifications for their removal or modification.

Table 2-12

Variable names and descriptions used in the Va Shly’ay Akimel ER-FS HGM assessment.

Variable Code Variable Description Variable Code Variable Description
AGSA Algal Growth Surface LITTER Abundance of leaf litter
Area as an indicator of and other detrital matter
past inundation. in the FPA.
BUFFCOV Percent of native PORE Soil pore spaces

vegetation cover in the
buffer.

available for storing
subsurface water.
Performance is related
to soil texture and
permeability.
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Table 2-12, continued.

BUFFLENGTH Percent of area with Q Alterations of
sufficient buffer. hydroregime that affect

the assessment area.

BUFFWIDTH Width of Buffer (m). SED Extent of sediment

delivery to the
water/wetland from
culturally accelerated
sources.

CONTIG Contiguous vegetation SHRUB Abundance as measured
cover between through vegetation
waters/wetlands and volume of shrubs
uplands (%). (multiple stems, woody

species).

CWD Abundance of dead and | SPECRICH Species richness.
down woody debris >
2.5 in diameter (coarse)

DEC'AY The presence of coarse SUBIN Subsurface flow into the
woody debris in various water/wetland via
stages of decomposition. interflow and return

flow.

DEPSATSED Depth of saturated SURFIN Surface inflow to the
sediments (m). wetland via sheetflow.

FPA Floodprone area as TOPO Macro (large scale) and
defined by the microtopographic (small
projection of a scale) relief.
horizontal plane at a Macrotopography
level twice the bankfull generally refers to large-
thalweg depth. scale features such as

secondary channels and
in-channel ponds.
Microtopography
generally refers to
small-scale features
such as pit-and-mound
and hummock-and-
hollow patterns.

FREQ Frequency of TREE Abundance as measured
inundation. through vegetation

volume of trees.

FWD Abundance of dead and | TRIB Presence of connected
down woody debris < tributaries.

2.5” in diameter (fine).

HERB Abundance as measured | VEGSTRATA Number of vegetation
through vegetation layers present.
volume of herbaceous
species.

INVASIVES Abundance of invasive WIS Wetland indicator score.
species.

LANDUSE Type of adjacent
landuse.
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FCI Model Selections

The team identified five (5) communities (PWAAs) and four (4) wetland functions that
were deemed important to the success of the wetland subclasses. These PWAAs and FCI
models were selected on the basis of their representation of ongoing critical ecosystem
processes within each PWAA. Table 2-12 above lists the functions, associated variable,
and performance target for FCIs. The five priority PWAAs and the four priority FCI
model functions selected by the Team include:

Rank Community
| Cottonwood/Willow Forest

Mesquite

Wetlands

Lower Sonoran Desert (Scrub/shrub)
River Bottom

N = W

Rank Function
1 Function 1 — Characteristic Channel Dynamics
. Function 3 — Long-Term Surface Water Storage
3 Function 9— Maintain Spatial Structure of Habitat
4 Function 8 — Maintain Characteristic Plant
Communities

Performance targets for the study are also listed in Table 2-12. The reference sites for Va
Shly’ay Akimel ER-FS projected included an area at the confluence of the Salt and Verde
River systems and a reach of the Hassayampa River located on preserve lands
immediately downstream of Wickenburg, Arizona. Detailed locations and photographs
of the Salt/Verde and Hassayampa reference wetland sites are included in Appendix A as
are those for three other Arizona reference sites.

Overall, the existing baseline conditions in the study site ranged from very poor to
mediocre. Only Function 8: Maintain Characteristic Plant Communities, had an FCI >
0.50. The remaining functions had FCIs that ranged from 0.047 (Function 3) to 0.422
(Function 2: Dynamic Surface Water Storage/Energy Dissipation). At the Hassayampa
reference site, FCI values ranged from 1.0 for Function 1, to 0.467 for Function 5:
Nutrient Cycling, which was the only function exhibiting an FCI < 0.50. The second
reference site, the Salt River confluence with the Verde River, produced two functional
models exhibiting FCIs less than 0.50; Function 3 and 4. All remaining functions for the

Page 30 of 97
100% Va Shly’ay Akimel HGM Report
March, 2004
wa, Inc.



Chapter 2
Methods

Salt River reference site ranged from 0.554 to 0.778. Given this information, it is
reasonable to expect that there is a lot of room for improvement at the study site;
however, realistic performance targets must be set. For example, with such poor existing
study site conditions, and only fair conditions at one of the reference sites (Salt/Verde
Confluence), it would be unrealistic to think that restoring conditions to a 0.9 or 1.0 FCI
is possible. It is reasonable to assume that the study site can be restored to a level of
quality close to the reference site, which would be improving the existing conditions two,
three, or in some cases, four times better than the existing conditions. Setting what seems
to be somewhat modest performance targets of 0.5 for the FCIs, will still be a dramatic
improvement compared to the current study site conditions. In addition, restoration
would greatly increase the habitat and wildlife value of the area, not to mention the
importance of the area as a wildlife corridor for migratory birds, as well as, species
traversing the project area from surrounding habitat types and downstream restored
environments.

Conducting the Field Sampling

Adequate site characterization is the critical foundational stem in the HGM process. A
variety of methods to measure environmental variables exist, to produce a successful
HGM, methods used to characterize the project area and reference reaches should have
the following features:

1. Repeatability — different individuals after adequate training should
produce data that will lead to similar conclusions about a site.

2. Based in scientific literature — The method should have a solid
foundation in the scientific literature, this ensures data produced and used
in the HGM process are creditable with the scientific community, free as
possible from bias, and defendable in the legal arena.

3. Quantitative — Quantitative data are easier to compare across study sites
and through time.

4. Appropriately sensitive — The method should focus on data that are
sensitive to the objectives of the study and change on a temporal scale that
is appropriate. Data that are too sensitive to environmental conditions will
introduce excess noise into the model limiting the usefulness of the model.
Biomass of annual species offers a good example of a variable that is very
sensitive to environmental conditions. Biomass of annuals can vary
several fold depending upon environmental conditions prior to sampling.
5. Inexpensive and easy to measure — In as much as possible, the method
should involve a minimum of time and expense to produce the desired
data.

The above considerations inevitably involve trade-offs for example, the best method to
collect species richness data may be costly and involve multiple site visits. This would

— ——————————
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conflict with the objective of the current HGM sampling which was to produce a
“snapshot” of the study site and reference reaches. Methods that produce data with the

. best mix of the above features can be selected by consultation with experts experienced in
the local area.

The data collected for the variables were specific to functions within the Arizona
Riverine HGM model. The variables can be divided into two major groups, data that
were collected without field sampling and data that required sampling in the field. Data
collected without field sampling include information on historical conditions, landscape
scale habitat conditions, land use characteristics, ownership, pattern of ownership and
jurisdictional boundaries. Field level characterization for the Va Shly’ay Akimel study
included gathering data on water quality geochemistry, hydrology, fluvial
geomorphology, substrate, flora and fauna. Special attention was given to adjacent land
use, habitat alteration, and presence of invasive species. Much of the data collected was
stored in a GIS for later use in the planning effort.

Basic site characterization and data collection are the first steps in inventorying an
ecosystem restoration site (USACE 2000; Fischenich 1999). Characterization for the Va
Shly’ay Akimel study included gathering data concerning water quality, geochemistry,
hydrology, fluvial geomorphology, substrate conditions, flora, and fauna, and to the
greatest extent possible, identifications of underlying stressors in the region. In
particular, land use activities, physical habitat alterations, and invasive species were
identified. In addition to the physical and chemical characteristics of the study area, land
ownership and regulatory jurisdictions played an important role in determining
opportunities for restoration. Much of this information is geographically based, and is
stored in a geographic information system (GIS). As part of the basic site
characterization, historical data on landscape-scale habitat conditions, land use
characteristics, and ownership patterns was reviewed. Site- and landscape-level data
were collected in the spring of 2002. These datasets were used to characterize the
baseline conditions of the Va Shly’ay Akimel study area.

Variables Measured in the Field

Many FCI variables were measured during the field sampling effort. These variables are
described in detail in the Master Variable List provided in Appendix A. Protocols used in
obtaining these data are also listed in these tables. Specific methods, techniques and
assumptions made in measuring these VSI/FCI variables is discussed below, as is the
logic behind a given variables use to capture the wetland function. PWAAs in which the
variables were measured are also provided.

The variable AGSA was determined by estimating the percent of a 1-meter quadrant with
algae, algal remnants, or water present. AGSA is used in two FCI functions
NUTRIENTS AND ELEMENTS. The logic being that algal growth is an indicator for
moisture at the land surface. If there is water present long enough for algal mats to grow,
then the water is there long enough for vegetation to take up nutrients in the system.
AGSA was measured in the following PWAAs: CRWWFOR, RIVERBOTTOM,
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MESQUITE, SCRUBSHRUB.

BUFFCOV was measured as the percent cover of native vegetation versus bare-ground
and/or non-native vegetation within a 1-meter quadrat. BUFFCOV is used in the
BUFFER function where buffer cover is important for protecting animals as they travel
from one wetland area to another or to upland areas. Native vegetation is highly
preferable to non-native vegetation. BUFFER is the only PWAA in which this variable is
measurable.

CWD or coarse woody debris was measured as class data. In all there were seven
classes:

0 = No data 4=CWD 1-2%

1 =CWD9-15% 5=CWDO - < 1%, recoverable
2=CWD 6-8% 6=CWD 0 - < 1%, not recoverable
3=CWD> 15%

The CWD variable is used in four (4) FCI functions. In WATSTORENR, coarse woody
debris along with microtopography and trees serve as indicators of roughness as a
surrogate for Manning’s “n” values. In the function NUTRIENT, coarse woody debris in
various stages of decay indicates that the function is on-going and sustainable. The
variable DETPARTICL considers coarse woody debris because they provide surface
roughness which reduces water velocity. Low velocity areas allow organic and inorganic
particles to settle out of suspension and be retained. CWD is also an important variable
of the function HABSTRUCT. Coarse woody debris detain coarse and fine particulate
matter, and therefore influences channel morphology ( e.g. pool-riffle complexes).
Coarse woody debris also provides energy sources and substrates for microbial activity
that is important in nutrient cycling and other biogeochemical processes. Coarse woody
debris also provide habitat. PWAAs in which CWD was measured include CTWWFOR,
RIVERBOTTOM, MESQUITE, and SCRUBSHRUB.

FWD is another class data. In this case, 8 classes were utilized to describe the range of
FWD found in a given PWAA. These data are provided below:

0 = No data 4 =13-24% FWD

1 =38-68% FWD 5=3-12% FWD

2 =25-37% FWD 6 =0-2% FWD, recoverable
3=>73% FWD 7 =0-2% FWD, unrecoverable

FWD is used in three functions, NUTRIENT, DEPARTICL, and HABSTRUCT. FWD
in various stages of decay indicates that the function NUTRIENT is on-going and
sustainable. In the function DETPARTICL, FWD provide surface roughness which
reduces velocity. Organic and inorganic particulates can then settle out and be detained.
Fine woody debris contribute to HABSTURCT in that they provide energy sources and
substrates for microbial activity that is important in nutrient cycling and other
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biogeochemical processes. CTWWFOR, RIVERBOTTOM, MESQUITE, and
SCRUBSHRUB are PWAASs where this variable was measured.

The variable HERB was measured by recording the number of decimeter hits within each
meter interval as delineated on a long rod. A hit is defined as any vegetation within a 10-
cm radius of the rod, per vertical decimeter. Estimates of volume above 10-m in height
are recorded as either three (3) or seven (7) hits per interval. Such estimates can be based
on comparison with lower intervals where hits can be directly measured. Four (4)
functions utilize this variable. NUTRIENT is impacted in that herbaceous vegetation
cycles nutrients through soil and water nutrient uptake, biomass accumulation and litter
production. ELEMENTS considers herbaceous vegetation because the vegetation is a
long term sink for elements and compounds. Vegetation slows the velocity of water
which must move around it and provides roughness to the systems, hence HERB
influences the function DETPARTICL. The roughness dissipates hydrologic energy and
allows for particulate settling to occur. HERB is also a component of the function
PLANTS. In arid regions, the abundance of biomass or vegetation is a key factor in
influencing animal abundance and diversity. For example, bird species abundance and
diversity in arid regions increases with vegetation volume. Vegetation volume provides a
3-dimesnional measure of abundance and serves as a rough surrogate for above-ground
vegetation biomass. It thus provides more information about structural habitat value than
does 2-dimensional cover estimates. PWAAs in which HERB was measured included
CTWWEFOR, RIVERBOTTOM, MESQUITE, and SCRUBSHRUB.

The variable LITTER uses eight (8) data classes which are shown below:

0 = No data 4 =9-17% Litter cover

1 = 28-46% Litter cover 5 = 2-8% Litter cover

2 = 18-27% Litter cover 6 = 0-1% Litter cover, recoverable

3 =< 46% Litter cover 7 = 0-1% Litter cover, unrecoverable

In the functions NUTRIENT and ELEMENTS, this variable is considered because the
litter/detrital layer of debris provides energy and substrates for microbial processes which
result in the conversion of elements and compounds. LITTER is also an important
variable of the function HABSTRUCT in that the litter layer is important for cover, food,
and nesting of various vertebrates and invertebrates. CTWWFOR, RIVERBOTTOM,
MESQUITE, and SCRUBSHRUB were the PWAAs where LITTER was assessed.

The SHRUB variable was measured using the methods described for the variable HERB.
The number of decimeter hits within each vertical meter interval was recorded and
subsequently converted to class data as shown below:

0 = No data 4 = 849 — 1697 stems/acre

1 = 2547 — 4245 stems/acre 5 =170 — 848 stems/acre

2 = 1698 — 2546 stems/acre 6 =0 — 169 stems/acre, recoverable

3 = > 4245 stems/acre 7 =0 — 169 stems/acre, unrecoverable

e e —————— e
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In the function NUTRIENT, shrubs cycle nutrients soil and water uptake, biomass
accumulation, and litter production. SHRUB measurements are also used in the function
ELEMENTS because shrubs are long-term sinks for elements and compounds. Shrubs
slow the velocity of water moving through and around them and provide roughness to the
system which dissipates energy and facilitates particulate settling. Therefore, the
function DETPARTICL considers the variable SHRUB. SHRUB is also in the function
PLANTS because in arid regions, the abundance or biomass of vegetation is a key factor
influencing animal abundance and diversity. SHRUB was measured in the following
PWAAs: CTWWFOR, RIVERBOTTOM, MESQUITE, and SCRUBSHRUB.

SPECRICH was measured by counting, and if possible identifying, the number of plant
species present. Although this project only measured SPECRICH in the late spring,
herbaceous sampling should be conducted twice per year, once in the summer dry season,
and once in the summer rainy season. SPECIRICH was used only in the PLANTS
function. It was used in PLANTS because some measure of plant species diversity is
needed if one is to assess the function of maintaining characteristic plant communities.
Riparian ecosystems can be species-rich. Maintaining or enhancing regional biodiversity
is a key riverine function. CTWWFOR, RIVERBOTTOM, MESQUITE, and
SCRUBSHRUB were the PWAAs where SPECRICH was measured.

The variable TOPO refers to both macro and microtopographical features. TOPO was
measured in the field using the classes indicated below:

0 = No data

1 = Macro and microtopic relief

2 = Homogenous surfaces with macro and microtopic relief

3 = Homogenous surface and lacks macro and microtopic relief
4 = Steep bank, recoverable

5 = Steep bank, unrecoverable

Six (6) functions utilize the TOPO variable. WATSTORENR and WATSTORLNG
consider it because topographic features such as pits and ponds provide areas that can
store water as well as provide roughness. The function DETPARTICL considers this
variable because macro and microtopographic relief provide surface roughness and
complexity to the system. Flowing water must move into, over, through, or around these
features. Velocity is reduced, facilitating detention of particulates. TOPO is also a
variable used in the functions PLANTS, HABSTRUCT, and INTERSPERS.
Topographical complexity offers a variety of ecozones and ecotones that supply the
habitat needs of wetland and edge-adapted species. PWAAs in which TOPO was
measured include: CTWWFOR, RIVERBOTTOM, MESQUITE, and SCRUBSHRUB.

The variable TREE was measured in the field using a technique similar to that described
for the variable HERB. TREE was measured by recording the number of decimeter hits
within each vertical meter interval on a long rod. A hit was defined as any vegetation
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within a 10-cm radius of the rod, per vertical decimeter. Estimates of TREE in
vegetation greater than 10-m tall was done by estimate. These estimates were based upon
comparisons with lower intervals where hits could be directly measured. Five (5)
functions utilize the variable TREE. WATSTORENR considers it because coarse woody
debris along with microtopography and trees serve as indicators of roughness as a
substitute for Manning’s “n” values. The function NUTRIENT uses TREE because trees
cycle nutrients through soil and water nutrient uptake, biomass accumulation, and litter
production. Trees are long-term sinks for elements and compounds, hence the function
ELEMENTS considers the variable TREES. The function DETPARTICL uses the
variable TREES because trees slow the velocity of water, dissipating energy, and
facilitating particle deposition and detention. PLANTS also uses this variable because
tree density, as determined from reference standards, is characteristic of healthy systems.
Tree density will vary with degree of perturbation. CTWWFOR, RIVERBOTTOM,
MESQUITE, and SCRUBSHRUB were the PWAAs where the variable TREE was
measured.

The last variable measured in the field was VEGSTRATA. VEGSTRATA was measured
by recording the number of layers present in selected areas of the CTWWFOR,
RIVERBOTTOM, MESQUITE, and SCRUBSHRUB PWAAs. The layers included:

Tall (> 10-m) broad-leaved tree Short microphyllous shrub
Short broad-leaved tree Vine

Tall microphyllous tree Epiphyte

Short microphyllous tree Bunch grass

Tall (> 1-m) broad-leaved shrub Non-bunch grass

Short broad-leaved shrub Forb

Tall (> 1-m) microphyllous shrub Lichens or biotic soil crusts

HABSTRUCT is the only function to utilize this variable. As the number of vegetation
layers at a site increases, so do the number of niches for bird species. The use of 1-m
height increments may provide a more sensitive measure of this diversity-related
structural property than does the use of only 3-1"ayers (e.g., ground, shrub, tree).

Variables Obtained Without Field Sampling

Some variables could be obtained through various historical records, aerial photographs,
or mathematical calculations rather than through active field sampling. The FCI variables
that were not measured with field sampling techniques are located below:

BUFFLENTH PORE
BUFFWIDTH Q
CONTIG SED
DEPSATSED SUBIN
FPA SURFIN
FREQ TRIB
LANDUSE WIS
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Certain variables were quantified without field sampling. Data to quantify these variables

. were derived from air photos, flow records, ownership and similar data types. FCI

variables quantified without field sampling are discussed below. Variable quantified with
out field sampling were divided into landscape level and site specific variables. Each
variable includes a brief justification for its use, which function the variable was used in
class boundaries for the variable (if applicable), and a list of applicable PWAAs.
Additional information on these variables can be found in (Table X).

Landscape Level Variables

Buffer length (BUFFLENGTH) — The percent of area with sufficient buffer length This
variable was measured to capture the concept of the buffer as a protective zone against
encroachment on the riparian zone by other land uses. Specific function using this
variable: FXN 11: BUFFER. In the BUFFER function, the length of buffer is one
component that determines the effectiveness of the function. Data were derived from air
photos and maps then manipulated within a GIS framework and treated as a class
variable. Classes used were as follows:

0 = no data

1 = 100% of the reach has right and left bank buffers
2 = Only one side of the reach has 100% buffering

3 =75% of the reach has right and left bank buffers

4 = Only one side has 75% buffering

5 = 50% of the reach has right and left bank buffers

6 = Only one side has 50% buffering

7 = 25% of the reach has right and left bank buffering
8 = Only one side has 25% buffering

9 = 0% of the reach has right and left bank buffers

BUFFER is the only PWAA that Buffer length is measured.

Buffer width (BUFFWIDTH) — Width of buffer in meters. Buffer width measures the
width of the buffer as a measure of the potential effectiveness of the buffer to protect the
riparian area from impacts by adjacent land use. Specific function using this variable:
FXN 11: BUFFER. Buffer width is one component that determines the effectiveness of
the function. Data were derived from air photos and maps then manipulated within a GIS
framework and treated as a class variable. Buffer width classes used were:

LANDUSE is 1.0 (ideal) and buffer width is 100, score = 1.0
LANDUSE is 1.0 and buffer width is 0, score = 0.9

LANDUSE is less than optimum the formula is LANDUSE X BUFFER
LANDUSE is 0 and BUFFER width is 100m the score is 0.0

BUFFER is the only PWAA that Buffer width is measured.
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Contiguousness (CONTIG) — The percent of contiguous vegetation cover. This variable
provides a measure of the connectivity through the riverine system. Specific function
using this variable: FXN 10 INTERSPERS. Data were derived from air photos and
maps then manipulated within a GIS framework. CTWWFOR, RIVERBOTTM,
MESQUITE, and SCRUBSHRUB were the PWAAs that contiguousness was applied.

Flood prone area (FPA) — Flood prone area is defined as the area that is twice the bank
full thalweg depth. Flood prone area is a class variable that captures impacts of channel
modification and/or degradation on channel dynamics (erosion transportation, and
deposition of sediment), and particle detention. Specific functions using this variable:
FXN 1: CHANNELDYN, FXN 2: WATSTORENR, and FXN 7: DETPARTICL. Data
were derived from historical information, elevation maps and then manipulated within a
GIS framework. Classes used were as follows:

0 =no data

1 = FPA not clearly modified

2 = FPA confined on one side

3 = FPA confined to an arroyo and bank to bank width is recoverable

4 = FPA confined to an arroyo and bank to bank width is not recoverable
5 = FPA confined to t concrete channel

Applicable PWAAs for flood prone area are CTWWFOR, RIVERBOTTM, MESQUITE,
and SCRUBSHRUB.

Land use (LANDUSE) — Type of adjacent land use. Land use measures impacts of
adjacent land use on the riverine system. Adjacent land use impacts the buffer length and
width needed for protection. Specific function using this variable: FXN 11: BUFFER.
Data were derived from air photos and maps then manipulated within a GIS framework
and treated as a class variable. Classes in the land use variable were:

0 = no data

1 = Active sand and gravel operations

2 = Commercial and/or industrial

3 = Paved roads

4 = Multi-family residential (apartments, duplexes)
5 = Single-family residential (individual houses)

6 = Gravel roads, dirt roads, bike paths, and infrequently visited structures
7 = Inactive sand and gravel operations

8 = Agricultural cropland

9 = Open space (parks golf courses, etc)

10 — Pristine, uninhabited areas

Buffer is the only PWAA that land use was measured.

—
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Tributaries (TRIB) — This variable measures the presence of tributaries and their degree
of connectivity to the mainstem. The tributaries variable addresses the ecological
function of tributaries in the area (connectivity, corridors, etc). Specific function using
this variable: FXN 10: INTERSPERS, the number of tributaries can influence the degree
of interspersion in a riparian system. Data were derived from air photos and maps then
manipulated within a GIS framework and treated as a class variable. Classes used were
as follows:

0 = No data

1 = All tributaries (channel and riparian corridor are unmodified and
connect to the mainstem

2 = Some tributaries are modified (consolidated, redirected, or
channelized) but still connected the mainstem

3 = Tributaries are highly modified or channelized or not connected to the

mainstem

Applicable PWAAs: CTWWFOR, RIVERBOTTM, MESQUITE, and SCRUBSHRUB.

Site Specific Variables

Depth of saturated sediment (DEPSATSED) — Depth to saturated sediment in meters.
This variable captures the concept of sediments as a site for water storage and availability
of stored water during periods of reduced flows. Specific function using this variable:
FXN 4: WATSTORSUB. Data were derived from historical information and ground
water maps and treated as a class variable. Depth to saturated sediment classes depend
upon the PWAA, the classes used are:

For the CTWWFOR PWAA

0 =no data

1=0m

2=1to3m

3=>3m

For the MESQUITE PWAA

0 = no data

I1=0m

2=1to7m

3= m

For the RIVERBOTTM PWAA

0 = no data

1=0m

2=0.01t00.25m

3=>025m
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PWAASs where depth of saturated sediment was measured are CTWWFOR,
RIVERBOTTM, MESQUITE, and SCRUBSHRUB.

Frequency of inundation (FREQ) — Frequency of inundation of a site. This variable
addresses the concept of inundation as an important driver in biogeochemical, biological
an physical processes. Specific functions using this variable: FNX 1: CHANNELDYN,
FXN 3: WATSTORLNG, and FXN 6: ELEMENTS. Data were derived from historical
information, elevation maps and then manipulated within a GIS framework as a class
variable. The following classes were used:

0 = no data

1 = Perennial flow

2 = Intermittent flow.

3 = Saturated

4 = Temporally flooded by seasonal high flow (Q1 to Q2)
5 = Temporally flooded at bankfull flow (Q2 to Q10)

6 = Temporally flooded at large flood (Q10 to Q25)

7 = Temporally flooded at major flood (Q25 to Q100)

8 = Temporally flooded at super flood (>Q100)

Frequency of inundation was determined for CTWWFOR, RIVERBOTTM, MESQUITE,
and SCRUBSHRUB.

Soil pore space (PORE) — This is the pore space available for storing subsurface water.
The variable addresses the concept of infiltration on a site. Specific functions using this
variable: FXN 3: WATSTORLNG and FXN 6: ELEMENTS. Data were derived from
published soil surveys, field samples and historical data. Data were treated as a class
variable, classes used were:

0 = No data

1 = Soil texture is a sand to sandy loan with no restrictive layers

2 = Soil texture is finer than sandy loam and has a restrictive layer
3 = Soil texture is finer than a restrictive layer

4 = The modal soil profile is highly compacted in the upper 24”

5 = Presence of a non-porous layer

Applicable PWAAs were CTWWFOR, RIVERBOTTM, MESQUITE, and
SCRUBSHRUB.

Alteration to hydro regime (Q) — Alteration of hydrologic regime in the assessment area.
This variable captures the concept that flow alterations can impact channel dynamics of a
site. Specific function using this variable: FXN 1: CHANNELDYN. Data were derived
from air photos, maps, and historical information then manipulated within a GIS
framework and treated as a class variable. Classes used were as follows:
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0 = No data
1 = No additions, diversions, of damming of flow affecting the assessment
area

2 = Evidence of additions, diversions or damming of flow, but now
evidence of significant impacts to channel pattern, dimension, and profile
3 = Evidence of additions, diversions or damming of flow, and there is
evidence of changes in vegetation abundance. No evidence of increase
sediment or scour

4 = Evidence of additions, diversions or damming of flow, and there is
evidence of increase in sediment scour

5 = Evidence of additions, diversions or damming of flow, and there is
evidence of significant impact to channel pattern, dimension, and profile.
Variable is recoverable.

6 = Permanent alterations to hydroregime are evident.

Alteration to hydroregime was determined in the following PWAAs: CTWWEFOR,
RIVERBOTTM, MESQUITE, and SCRUBSHRUB.

Sediment delivery (SED) — Extent of sediment delivered to the site from culturally
accelerated sources. Sediment delivery addresses rates of sedimentation in excess of that
expected in less disturbed systems. Specific functions using this variable: FXN 1:
CHANNELDYN and FXN 7: DETPARTICL. Data were derived from air photos and
maps then manipulated within a GIS framework and treated as a class variable. Sediment
delivery classes were as follows:

0 = No data

1 = No sediment disturbance

2 = Disturbance evident

3 = Disturbance and delivery evident

4 = Disturbance extreme and vegetation mortality
5 = Area filled

Sediment delivery was applicable in the following PWAAs: CTWWFOR,
RIVERBOTTM, MESQUITE, and SCRUBSHRUB.

Subsurface flow (SUBIN) — Subsurface flow into the area via interflow and return flow.
This variable captures concept of subsurface movement of water that can influence
nutrient fluxes and water storage on a site. Specific functions using this variable: FXN
3: WATERSTORLNG and FXN 6 ELEMENTS. Data were derived from maps and
historical information then manipulated within a GIS framework and treated as a class
variable. The following classes were used:

0 = No data
1 = Undisturbed, subsurface flow evident
2 = Undisturbed and subsurface inflow is observed
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3 = Disturbed soils and plant communities
4 = Utilized for agricultural activities
5=Fill

6 = Impervious surface

7 = Concrete channel

Applicable PWAAs include: CTWWFOR, RIVERBOTTM, MESQUITE, and
SCRUBSHRUB.

Surface inflow (SURFIN = SURFINRILL + SURFINLAT) — Surface inflow via sheet
flow. This variable captures the concept that water can be delivered to the site via
surface runoff occurring when precipitation rate exceeds infiltration rate. Specific
function using this variable: FXN 6: ELEMENTS, transformations, leaching or
deposition of elements are linked to water delivery. Data were derived from 10 m belt
transect in the field and by air photos and maps. Data were treated as a class variable,
classes used were:

0 = No data

1 = Any of the following indicators are present and similar to the reference
site: rills on adjacent upland slopes,, lateral tributaries entering the
floodplain and not connected to the channel

2 = Both indicators are present, but less than the reference standard

3 = Both indicators are absent

4 = Both indicators are absent and channelization prevents sedimentation
on the wetland surface.

Applicable PWAAs include: CTWWFOR. RIVERBOTTM, MESQUITE, and
SCRUBSHRUB.

Topography (TOPO = MACROTOPO+MICROTOPO) — Topography measures large
scale and small scale topography of the flood prone area. Topography accounts for water
storage, detention of sediments, habitat features, and interspersion of habitats that are
associated with topographic irregularities of the floodplain. Specific functions using this
variable: FXN 2: WATSTORENR, FXN 3: WATSTORLNG, FXN 7: DETPARTICL,
FXN 8: PLANTS, FXN 9: HABSTRUCT, and FXN 10 INTERSPERS. Data were
derived from air photos and maps then manipulated within a GIS framework and treated
as a class variable. This variable was also measured in the field. The following
topography classes were used:

0 = No data

1 = Macro and microtopographic relief

2 = Homogenous surfaces with macro and microtopographic relief

3 = Homogenous surface and lacks macro and microtopographic relief
4 = Steep bank, recoverable

5 = Steep bank not recoverable
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Topography was applicable in the following PWAAs: CTWWFOR, RIVERBOTTM,
MESQUITE, and SCRUBSHRUB.

Wetland indicator score (WIS) — This is the wetland indicator score for each species in
SPECRICH. Wetland indicator score captures the concept of plant species as indicators
of the degree of wetness on a site. Increasing number of wetland species is an indicator a
healthy wetland community. Specific function using this variable FXN 8: PLANTS.
Wetland indicator scores are derived by conversion of SPECRICH data. WIS are found
on the US Fish and Wildlife Service web site. Scores are as follows:

1 = Obligate

2 = Facultative wet

3 = Facultative

4 = Facultative upland
5 = Upland

Field Sampling Locations

Field data were collected in April 2002 at two reference sites: 1) Salt River confluence
with the Verde River and 2) Hassayampa River Preserve south of Wickenburg, Arizona.
Although these were the focal sites for the Va Shly’ay Akimel E-Team, data from all 5
Arizona reference sites were used in this HGM assessment. The three additional sites are
located in southern Arizona and area associated with the San Pedro river, Tanque Verde
Wash, and Tumacacori.

Field Sampling Protocol

Certain variables in the HGM required field sampling to quantify. A variety of methods
were used to obtain the data; a brief description of the field sampling protocol follows.

The sampling team consisted of 4 individuals. Each team had one member experienced
with HGM data collection. Other team members had expertise in a field related to the
sampling effort. Each team had a designated recorder for the sampling day to record data
reported by team members. Prior to sampling observers standardized their estimates of
cover with each other, discussed the kinds of species present, and discussed their
impressions of the site. To minimize observer error, the same observers estimated the
same components on all transects.

At each PWAA, a 100 m long transect was established generally parallel to the river
channel (fig. X). In some PWAAs the transect had to curved or was broken into two 50
m transects. Along the 100 m transect a series of 10m X 10m quadrat was established

Page 43 of 97
100% Va Shly’ay Akimel HGM Report
March, 2004
wWad, Ine.




Chapter 2
Methods

creating a belt transect. Each 100 m transect had 10, 10m X 10m quadrats. At the center
of the quadrat the recorder notes the presence of rills on adjacent slopes. Within the 10m
X 10m quadrat the following were recorded as reported by team members:

1. number of vegetation layers

2. species composition

3. microtopographic features (small scale pits and hummocks)
4. logs and stage of decay

Within the 10 m quadrat, a Im X 1m quadrat was randomly located. Within this quadrat
the following data was recorded:

1. percent coarse woody debris (% CWD)
2. percent fine woody debris (% FWD)

3. percent litter cover

4. percent algal mat

5. percent tree canopy

6. percent shrub cover

7. percent herbaceous cover

The percent cover of all components was estimated occularly. Percent cover of coarse
woody debris, fine woody debris litter cover, algal mat, shrub and herbaceous
components was estimated by vertically projecting the cover of each onto the ground
surface. Due to the multilayered nature of vegetation total vegetative cover can exceed
100 percent. An ex. mple of this is the occurrence of herbaceous species under shrub
canopies. Tree canopy cover was estimated by viewing the tree canopy upwards through
a sighting tube. The sighting tube was divided into quarters by a cross-hair. The percent
of the sky obscured by tree canopy as viewed through the sighting tube was determined
and recorded. At the center of each Im X 1m quadrat, a 9.5 meter pole graduated in
meters and decimeters was placed vertically within the foliage. The number of decimeter
hits within each meter interval were recorded. A hit was defined as any vegetation within
a 10 cm radius of the rod per vertical decimeter. Estimates of volume above 10-m in
height are recorded as either three (3) or seven (7) hits per interval. Such estimates can
be based on comparison with lower intervals where hits can be directly measured.

Performing Data Management and Statistical Analysis

Some limits to the assessment’s data should be acknowledged. In some instances, notes
on field sheets were difficult to interpret, so corrections were made when possible, and
the results were discussed with Team members. In some instances, data on field sheets
was disregarded. When data management problems arose, ERDC-EL consulted with the
Team prior to data handling, and solutions were devised with their knowledge and
consent.

Page 44 of 97
100% Va Shly’ay Akimel HGM Report
March, 2004
wa, Inc.



Chapter 2
Methods

Calculating Baseline Conditions

Conducting an HGM analysis requires that a baseline inventory be conducted, variable
means and/or modes calculated, and cover type acreages quantified. The next step is to
describe the baseline conditions in terms of FCUs. The value of each variable expressed
as a mean or mode are applied to the Variable Subindex graphs as dictated by the model
documentation. For example, if the percent of ground cover in the PWAAs at Site X
were 50 percent on average, the value “20” was entered into the “X-axis” on the Variable
Subindex curve below, and the resultant VSI score (Y-axis) was recorded (VSI = 1.0).
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09 | - e —

0.8 +—
0.7 -
0.8 +— —

Variable Subindex
o
(3,

0.2
01

0 20 70 100

Percent Ground Cover (%)

Figure 2 -3
Example variable subindex (VSI) curve.

The process is repeated for every associated variable and PWAA per model. The
individual VSI scores are then entered into the FCI formula on a PWAA specific basis
and individual PWAA FCls are generated. Each result, referred to as the PWAA FCI is
then weighted by the relative area (RA) of the PWAA. In HGM, the RA is a
mathematical process used to “weight” the various applicable cover types on the basis of
quantity. To derive the relative area of a model’s cover type, the following equation can
be utilized:

Relative Area (RA) = Cover Type Area / Total Area
where:

Cover Type Area = only those acres assigned to the cover type (or PWAA) of interest
Total Area = the sum of the acres utilized in the model.
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Results from the remaining associated PWASS are combined in an additive manner.
Mathematically, this can be expressed using the following relationship:

FClsubclass Model = Z (PWAA FCI x RA)x
where:

PWAA FCI = Results of the PWAA FCI calculation,
X = Number of PWAASs associated with the model, and
RA = Relative area of each PWAA

The final step involves multiplying the FCI result by the habitat acres (PWAA acreage
associated with the model). The final results, referred to as FCUs, quantify the quality
and quantity of the wetlands at the site for the baseline conditions (TYO0).

Generating Without Project Conditions and Calculating the Outputs

Predicting both the short-term and long-term condition of the environment is a necessity
when developing ecosystem restoration plans for a community or region (USACE 2000).
Forecasting, the process of developing predictions for future conditions, is undertaken to
identify patterns in natural systems and human behavior, and to discover relationships
among variables and systems, so that timing, nature, and magnitude of change can be
estimated over time. In HGM, a judgment-based method, supported by the scientific and
professional expertise of the evaluation team, is often relied upon to forecast the
effectiveness of ecosystem restoration alternatives, assess project performance, and
determine many other aspects of both the Without Project and With Project scenarios.

The Without project condition is regarded as an important element of the HGM
evaluation (USACE 2000). A critical element in the planning process is the prediction of
likely future conditions in the study area if no action taken. The No Action Alternative in
NEPA is the Without Project condition of the study site should no action be taken. When
formulating plans, NEPA regulations require that the No Action Alternative always be
considered.

The Without Project descriptions should adequately describe the future conditions
(USACE 2000). Significant variables, elements, trends, functions, and processes should
be sufficiently described to support good decision-making. Without Project descriptions
must be rational to be defensible. Forecasts are typically based on appropriate and
acceptable methods, and must adhere to professional standards of the time. Accuracy is
important and should take into account assumed rational behavior by future decision
makers. Scenarios that rely on an unlikely series of event or irrational behavior do not
support sensible predictions.
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“Before and after” comparisons should not be confused with estimates of the Without
Project conditions. “Before and after”” comparisons can overlook the causality that is
important to effective plan evaluation. Without Project conditions are a “look™ into the
future. Forecasts that concentrate on causality of existing conditions, and focus too
narrowly on how existing conditions might change, fail to be future-oriented. Without
Project conditions should be oriented toward comparing alternative future scenarios, not
just extensions of existing conditions. Information used to forecast scenarios should not
be misleading or withheld. Both the strengths and weaknesses of future scenarios must
be considered. Forecast scenarios should be based on empirical data. This complete
analysis in needed to enable an interested stakeholder or a decision maker to make a
qualitative assessment of the study. Scenarios should point out weaknesses in the
analysis, and state the implications of such drawbacks. Significant differences in future
scenarios should be accurately described. Finally, the Without Project condition is
subjected to review and comment as part of the coordination and review process, as well
as the public participation process.

Specific Without Project Trends

Forecasting of the without project condition relied upon forecasting the future water
supply and changes to land use within the project boundary and contributing watershed.
Considering such trends as a baseline condition allowed for the formulation of
alternatives that would improve the wetland functions and values within the project area
over time. An overriding consideration was water supply. In the absence of coordinated
and timed discharges from the upstream reservoir system, it was assumed that the
majority of the project area would be ephemeral in flow character. Further, it was
assumed that in the future, only those features that were scaled to a dedicated and
available water supply would be sustainable.

Several prominent land use categories are present in and immediately adjacent to the Va
Shyl’ay Akimel project area and hence influenced the future without project trends.
Several land use categories were considered in the formulation of without project trends.
Sand and gravel operations past, present, and future, influence sediment, surface water
and ground water regimes. This was taken into account by assuming a general
degradation of existing habitat in extraction and processing areas. Agricultural and open
space areas on the east side of the project will likely turn to urban or residential land use
and as such restrict immediately adjacent restoration options.

In terms of variable projections over the life of the project, the without project scenario
has several general assumptions. First, the wetland and riparian biotic communities will
in general degrade over time with reduced water supply and the influx of invasive/exotic
species. Urban encroachment will continue, resulting in loss of buffer and native
vegetative communities. Continued commercial activities within and immediately
adjacent to the channel disrupt hydrologic regimes and cause the degradation of existing
and impact the recruitment of native riparian cover types.
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Calculating Annualized Units for the Without Project Condition

Most federal agencies use annualize results as a means to display benefits and costs.
Ecosystem restoration analyses should therefore provide data that can be directly
compared to the traditional benefit: cost analyses typically portrayed in standard
evaluations of this nature. Federal projects are evaluated over a period of time commonly
referred to as the “life of the project”, which is defined as that period of time between
when the project becomes operational and the end of the project as dictated by
construction effort or lead agency. However, in many cases, gains or losses in wildlife
habitat may occur before the project becomes operational and these changes should be
considered in the assessment. Examples of such changes include construction impacts,
implementation and compensation plans, or other land use impacts. Ecosystem
restoration analyses incorporate these changes into their evaluations by using a “period of
analysis” that includes pre-start impacts. If the no pre-start changes are evident, then the
“life of the project’ and the “period of analysis” are equivalent.

In HGM, FCUs are annualized by the summing FCUs across all years in the period of
analysis and dividing the total (cumug8lative FCU) by the number of years in the life of
the project. In this manner, pre-start changes can be considered in the analysis. The
results of this calculation are termed AAFCUs, and can be expressed by the following
relationship:

AAFCUs = ) (Cumulative FCUs / Number of years in the life of project)
Where: Cumulative FCUs =Y (T-T2)[((A|F1+AxF>)/3) + ((AsF+A | F2)/6)]
and where:

T, = First Target Year time interval

T, = Second Target Year time interval

A| = Area of available habitat at beginning of T,
A, = Area of available habitat at end of T»

F, = FCI at beginning of T

F> = FCI at end of T»

The equation presented above is a generalized formula and requires that the FCI and the
area available for habitat be considered for each target year. The numbers “3” and “6
are constants derived from the integration of (FCI X area) for the interval between any
two target years. This formula is applied to the time intervals between target years and
was developed to precisely calculate cumulative FCUs when either the FCI or area or
both change over a given time interval of interest. The rate of change of FCUs may be
linear if either FCI or area change over the time interval. The FCU values for all years in
the period of analysis are calculated by summing the products of the FCI and area of
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available habitat for all years in the period of analysis. All HGM results developed for
the Va Shly’ay Akimel ER-FS were calculated in this manner and are reported in terms

. of annualized units for the Without and With Project conditions.

Generating With Project Conditions and Calculating the Outputs

Several meetings were held over the course of the Va Shly’ay Akimel Environmental
Restoration Study in which Team members were asked to estimate the future conditions
of the project area under differing scenarios. In the early stages the source and amount of
water to the project was in question. As such, the original alternatives focused upon
maintaining and enhancing the existing vegetative character of the now ephemeral Salt
River reach through the Va Shly’ay Akimel study area. With the exception of two
perennially wet segments, this amounted to preserving and enhancing relatively xeric
scrub-shrub communities along the majority of the reach. Because of the high percentage
of suitable sand and gravel extraction areas, development of alternatives was further
constrained. This resulted in an initial matrix of 13 initial alternatives that minimized
water use and avoided existing and future sand and gravel extraction areas.

As the process continued and more information became available, two things came clear.
First, the local sponsors did not care for alternatives that did not focus upon establishment
of native riparian forests of cottonwood and willow. Second, the sponsors were able to
secure larger amounts of water for the project. As such, two additional alternatives were
added both of which focused upon providing maximal amounts of cottonwood and
willow habitat. This resulted in a list of 15 alternatives. These 15 alternatives were
further expanded by considering two means of irrigating project features, rill and drip
irrigation. It was these resultant 30 alternatives for which HGM scores were developed
and the CEA and ICA costs calculated.

Developing RVIs and Performing Tradeoffs

In order to select one alternative as the “preferred,” or most effective alternative, it is
necessary to compare it to other alternatives. Comparing the alternatives is a way to
distinguish the benefits and drawbacks of each plan, as well as, the strengths and
weaknesses. The purpose of the comparison step is to identify the important criteria for
evaluation and compare the alternatives across those criteria. Ideally, the comparison of
alternatives results in a ranking of alternatives, or some determination of the best course
of action for the decision-makers. The comparison can be simplified by measuring the
alternative designs in the same units, such as ecological units, acres, dollars, or others.

Typically, alternative designs are measured in a combination of dollars, ecological units,
acres, water quality changes, noise levels, changed erosion rates, or a host of other
tangible or intangible units. Sometimes these comparisons lead to trade-offs. Trade-offs
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are made throughout the planning process and screening activities, but they may play a
more prominent role as the study team, decision-makers, and other stakeholders move
toward selecting the “preferred” alternative. These trade-offs are made regarding both
the measures and alternatives under evaluation. Measures and alternative designs can be
dropped from further analysis for a variety of reasons including cost ineffectiveness,
design inconsistencies, hydrologic issues, and biological unproductiveness.

Trade-offs are considered across and among, all the alternatives. Trade-offs are
considered when contrasting outputs are encountered. For example, Alternative 1 may be
less costly, but restores fewer wetlands than Alternative 2, a more costly design that
restores significantly more wetland acres. Trade-off analysis is a multi-criteria evaluation
method commonly used by USACE when it may not be possible (or not desirable) to
express all alternative effects in a single metric evaluation. In some cases, more than one
evaluation metric can be considered (i.e., HEP, HGM, and costs together) in a trade-offs
analysis (Edmunds and Letey 1973). Trade-offs enable planners to account for the entire
spectrum of differing (but relevant) criteria when comparing alternatives. Trade-offs can
be as simple, or as complex, as necessary to afford the greatest suite of comparisons. In a
simple application, trade-offs can frequently rely on professional knowledge and
judgment. Planners “trade-off” alternative contributions to objectives based on their own
accumulated technical expertise, general experience, and specific knowledge of the stud-
area (including stakeholder views and values). In essence, planners sit down and develop
an alternative with *“a little more of this™ and “a little more of that,” where the trade-offs
made tend to be of a subjective nature. However, more quantifiable approaches exist to
conduct trade-off analyses in a controlled environment.

Simple weighting is an approach to trade-offs that can be used when there are no
apparent prominent alternatives among those compared. In HGM, FCI models are
selected on the basis of their representation of ongoing critical ecosystem processes, and
can be “traded-off” by incorporating a weighting scheme into the calculation of final
FCIs. By applying Relative Value Indices (RVIs) to the resultant outputs, wetland
function priorities can be characterized, and mathematical “weights” can be applied to the
HGM analysis. RVIs can be applied to emphasize, or even decrease, the overall effect of
individual FCIs. Using RVIs, mathematical “weights™ can be used to prioritize functions.
For example, the 11 functions in the HGM model generally fall into three functional
groups, water, biogeochemical, or habitat. Recognizing that many of the same variables
are used to calculate these functions, there is an obvious link between the functions. For
example, it is reasonable to assume that an improvement in function 2, surface water
storage, would lead in an improvement in function 8, plant communities, since more
water means that plants would grow and improve the vegetation community. RVIs
provide an opportunity to acknowledge the limited buffer areas, yet downplay their affect
on the analysis so the value of the restoration project is not overshadowed. While the
prioritization of functions, and whether or not to weight them with RVIs, is somewhat
subjective, the process allows for the flexibility to emphasize particular components of a
restoration project when warranted, as long as the choices are documented. Therefore,
RVIs can be used in HGM to perform trade-offs among functions.
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Reporting the Results of the Analyses

Successful evaluation lies in the planner’s ability to discuss the assessment strategies and
findings to the public. Reporting simply refers to communicating the methodologies and
results of the habitat assessment in a clear and concise manner to the reader. Underlying
the HGM process is the concept of “repeatability”’. To assure that the assessment is
reasonable and reliable, the reader should be able to follow the descriptions of approach
and applications presented and repeat the analyses just as the planner did. To assure the
repeatability aspects of the assessments, the planner should document the evaluation.
Usually this is done through an assessment report. Reports typically include five plus
chapters: Introduction, Methods, Results, Trade-offs, and Summary/Conclusions. In
addition, the report should have a Literature Cited section and an appendix documenting
the models used in the assessment. Further reporting of the assessment results can
include, but is not limited to, graphics (maps, graphs, tables, etc.) that visually depict the
conditions of both Without and With Project, of the study area under evaluation. In
HGM, it is important to document the results in terms of functional capacity units (FCU),
quality (FCIs), and quantity (acres). In addition, any factors that significantly affected
the outcome of the study (e.g., minutes of team meetings, data extrapolations, etc.) should
be documented, either in the report itself, or in the appendix to the report.

Software Used In The Va Shly’ay Akimel Ecosystem Restoration
Project

EXHGM is a Microsoft Accesso 2000 software package developed by ERDC-EL to
automate standard HGM calculations. EXHGM's programming architecture is similar to
that of the EXHEP package. The EXHGM program should be viewed as a tool that can
provide a rational, supportable, focused, and traceable evaluation of wetland
functionality, and its application to the decision-making process is unquestionable.
However, the user must understand the basic HGM tenets as defined in supporting
literature (Brinson 1993; Smith et al. 1995) prior to attempting application of the
software. In other words, the user should not expect the EXHGM software to provide the
only predictive environmental response to project development scenarios, and should
understand the limitations of the methodology’s response to predictive evaluations prior
to its application.

The EXHGM program was designed to process large amounts of data quickly and
efficiently, handling a large number of FCI models simultaneously. Each model can
incorporate any number of cover types and partial wetland assessment areas. Each cover
type can include a large number of variables, and the user can incorporate as many
functions within each model as necessary. These capabilities support the examination of
complex studies with large numbers of permutations. The number of permutations,
processing speed, and program performances are limited only by the capacity of the
user’s hardware, where data storage becomes the limiting factor.
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The EXHGM program allows the user to evaluate a large number of projected changes
(future factors) across numerous years for each alternative design. Each package allows
the user to assign future factors to each model for each year considered within the life of
the project (i.e., each TY). This capability allows the user to manage forecasts across the
long-term planning horizon, in an attempt to better reflect reality through the life of the
project. Again, the number of permutations is limited only by the user’s computer
storage capacity. EXHGM evaluates any FCI-based model. In most instances, a wetland
cannot be described using a single PWAA. A standard HGM tool must complete these
computations, regardless of whether the model uses a single PWAA or multiple PWAAs.
EXHGM can be used to calculate suitability for any single or multiple PWAA model
whether the wetlands functionality is based on one or more multi-faceted functions. The
two tools are capable of reevaluating HSI and FCI models as the user adapts previously
created alternative designs to fit new situations. It is not necessary to reinvent FCI
models once a standard evaluation configuration has been created. The software package
allows the user to open a previously created configuration and introduce change (e.g.,
adding field data, future factors, TY's, cover types, acreage quantities, variables, etc.).
This capability supports the software’s utilization in a wide range of agency activities
over the long term. For example, an alternative design developed to evaluate project
impacts for a stream restoration study in the past can be adapted to evaluate stream
restoration projects throughout the region in the future. By simply altering the cover type
composition of a previously developed EXHGM data file, the software can account for
regional variations and quickly define functionality impacts. Thus, as projects are funded
or evolve, EXHGM can be easily implemented with little effort devoted to modeling
“setup.”

Introduction to the Cost Analysis Process

Between 1986 and 1987, the Headquarters’ Office of the U.S. Army Corps of Engineers
provided policy directing USACE Districts to perform a type of cost analysis referred to
as Incremental Cost Analysis (ICA) for all feasibility-level studies. The required ICA is,
in effect, a combination of both a Cost Effectiveness Analysis (CEA) and Incremental
Effectiveness Analysis. Together, the CEA/ICA evaluations combine the environmental
outputs of various alternative designs with their associated costs, and systematically
compare each alternative on the basis of productivity. Cost effectiveness analyses focus
on the identification of the least cost alternatives and the elimination of the economically
irrational alternatives (e.g., alternative designs which are inefficient and ineffective). By
definition, inefficient alternative designs produce similar environmental returns at greater
expense. Ineffective alternative designs result in reduced levels of output for the same or
greater costs. The incremental cost analysis is employed to reveal and interpret changes
in costs for increasing levels of environmental outputs.

In 1990, USACE issued Engineer Regulation 1105-2-100 (U.S. Army Corps of Engineers
1990) directing planners, economists, and resource managers to conduct CEA/ICA for all
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recommended mitigation plans. Later, in 1991, USACE produced Policy Guidance
Letter Number 24 that extended the use of cost analysis to projects that restored fish and
wildlife habitat resources (U.S. Army Corps of Engineers 1991). In the USACE
Engineering Circular 1105-2-210, the incorporation of cost analysis was declared
“fundamental” to project formulation and evaluation (U.S. Army Corps of Engineers
1995).

To facilitate the inclusion of these basic economic concepts into the decision making
process, USACE published two reports detailing the procedures to complete both
incremental and cost-effective analysis (Orth 1994; Robinson et al. 1995). Based on
these reports, there were nine steps that should be completed to evaluate alternative
designs based on CEA/ICA. These were as follows:

A. Formulate all possible combinations of alternative designs by:
1. Displaying all outputs and costs.
2. Identifying filters, which restrict the combination of alternative designs.
3. Calculating outputs and costs of combinations.
4. Complete a cost effective analysis by:
5. Eliminating economically inefficient alternative designs.
6. Eliminating economically ineffective alternative designs.

B. Develop an incremental cost curve by:
7. Calculating the average costs.
8. Recalculating average costs for additional outputs.

C. Complete an incremental cost analysis by:
9. Calculating incremental costs.
10. Comparing successive outputs and incremental costs.

In the ICA terminology, an alternative design is considered the With Project condition
(i.e., “Build A Dam,” “Develop a Wetland,” “Restore the Riparian Zone,” “Management
Plan A,” etc.). Under an alternative design, a series of scales (i.e., variations) can be
defined which are modifications or derivations of the initial With Project conditions (i.e.,
“Develop 10 acres of Low Quality Wetlands,” “Develop 1,000 acres of High Quality
Wetlands,” etc.). Often, these scales are based on differences in intensity of similar
treatments and can, therefore, can be “lumped” under an alternative design class or
category. During the first steps of CEA/ICA, all possible combinations of alternative
designs and their scales are formed. As a general rule, intra-scale combinations (i.e.,
combinations of variations within a single alternative design) are not allowed. These
activities would occupy the same space and time.

In most instances, CEA/ICA results are displayed in tables, scatter plots, and/or bar
charts. These illustrative products assist decision-makers in the progressive comparisons
of alternative design costs, and the increasing levels of environmental outputs. Before a
user makes a decision based upon the outputs generated by the CEA/ICA, they must
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determine whether cost thresholds exist that limit production of the next level of
environmental output (i.e., cost affordability). In addition, factors such as curve
anomalies (i.e., abrupt changes in the incremental curve), output targets, and output
thresholds can influence the selection of alternative designs.
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CHAPTER 3 - Va Shly’ay Akimel Project Results
Va Shly’ay Akimel (Salt River)

Project Description

Location

The Va Shly’ay Akimel study area is located in south central Arizona, in the eastern
portion of Maricopa County. The project study area is located entirely within the Lower
Salt watershed (USGS Cataloging Unit: 15060106). The Va Shly’ay Akimel Ecosystem
Restoration project boundary follows the Salt River from Granite Reef Dam to Price
Road (US 101), Figure 3-1. Thirteen project alternatives were developed in the
Feasibility Study, F4 Phase.

Purpose

The objective of the study was to develop alternatives that increased native riparian
vegetation, increased vegetation connectivity, and stabilized bank sections, where
necessary. Figure 3-1 shows the project location identifying key features and sub-area
locations used in this report.

Granite Reef Dam

Salt River

‘Alma School Road

Figure 3-1

General location map for the Salt River Va Shly’ay Akimel Project identifying key features and

project sub-areas.
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Measures Under Consideration

In order to complete ecosystem restoration on the Va Shly’ay Akimel project, multiple
measures will likely need to be implemented. In all, ten measures were considered that
when implemented will influence the cover type within a given reach of the project.
Alternatives were then formulated using various measures in combination. Not all
measures were used in all alternatives. The following provides a brief summary of the
measures considered.

Water Sources

Six water sources are available to supply the project facilities: 1) Surface water available
for use by the Pima Maricopa Indian Community via existing water sources, 2)
groundwater from existing and new wells, 3) storm water, 4) City of Mesa Wastewater
Treatment Facility water, and 5) irrigation tailwater. Alternatives rely primarily on
surface water and groundwater from the Salt River Pima Maricopa Indian Community
(SRPMIC) and effluent from the City of Mesa Wastewater Treatment Facility.
According to the Pima Maricopa Indian Community staff, 30,000 acre-ft/yr of water can
be allocated to the project. Groundwater is considered a secondary source of water.

Water Distribution System(s)

Infrastructure is needed to deliver water (surface water, groundwater, or wastewater)
from the source (irrigation canal, well, or effluent line) to areas where vegetation will be
restored. The distribution system does not take into account the irrigation system.

Irrigation Techniques

Surface water from the storm water sources, irrigation canals and ditches will be diverted
to various vegetated areas by a network of lined irrigation channels and buried pipes.
The size of the channel and pipe will be dependent on site specific conditions such as
flow requirements and terrain. Pumps may be needed to distribute water.

Reshaping

Many of the alternatives require surface reshaping. Three types of reshaping categories
are proposed for use in this project: 1) Channelization, 2) Surface Reshaping, and 3)
Vegetation/Irrigation Reshaping. Channelization is defined as the material moved in the
process of constructing the 200 ft wide low flow channel. Surface Reshaping is defined
as the material moved to alter significant features such as large mounds, filling quarry
pits and reducing the side slopes of the quarry walls. Vegetation Reshaping is defined as
minor reshaping required for planting purposes and to ensure that gravity irrigation
systems will be feasible. It is assumed that for Vegetation Reshaping, 2 ft of material
will be moved per acre of vegetated area. And Irrigation Reshaping is defined as the
construction of irrigation ditches needed in the flood irrigation and SBIN irrigation
methods (2-3 ft wide and 6 inches deep) and the construction of the drainage ditches (15
ft wide and 3 ft deep).
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Vegetation

Five vegetation types were evaluated: 1) Cottonwood/Willow, 2) Mesquite, 3) Wetlands,
4) Sonoran Desert, and 5) River Bottom. In addition to the planting of the vegetation,
some reshaping may be necessary to provide the proper landscape to maintain and
encourage the future propagation of the vegetation.

River Channelization

Some alternatives require segments of the Salt River to be channelized, off setting the
reduction in water conveyance, due to planting of vegetation within the main channel.
The river bottom will be excavated to form a low flow channel with a bottom width of
200 ft, 1V:3H side slopes and 4 to 8 ft in depth. The channel will be free to migrate. The
excavated material can be used to create benches along the channel, to fill quarry pits and
to vary the local topography to encourage vegetation growth and reduce flood damage on
proposed vegetation areas. A two hundred foot buffer on both sides of the low flow
channel will be incorporated to allow for the migration of the low flow channel.

Portions of the low flow channel will be designed with a semi impervious soil substrate
to support wetland areas. In some alternatives requiring channelization activities, Sonoran
desert vegetation will be planted along the low flow channel to increase stability of the
overbank area.

Grade Control Structure

A grade control structure may be needed to protect the Gilbert Road Bridge due to the
extensive mining that has occurred downstream of the bridge. Mining operations have
altered the channel system, creating a nickpoint, or area where an abrupt change in
elevation and slope occurs.

Buried Guide Dikes

The buried guide dikes are used to control lateral migration of the low flow channel and
have been included in only Alternative I (CHNL). These structures will be constructed
with soil cement and buried perpendicular to the low flow channel alignment.

Bank Stabilization

Several areas require bank stabilization to stabilize the river, reducing erosion, and
provide protection for newly established vegetation. Four general bank stabilization
measures have been evaluated: 1) riprap, 2) buried groins, 3) endways weirs (wingdams,
groins), and 4) soil cement. Application of each stabilization measure depends upon the
local hydraulic, and scour and deposition conditions and the proximity to significant
areas.

Levee

Although considered by the design team, a levee measure is not recommended near
Gilbert Road, to protect the Lehi area, because it already appears to be out of the100 year
flood plain. To protect from the 500 Year event, the levee needs to be 15,000 ft long,
extending from Reach 6 to Reach 5 (Figure 1) and 6 ft high. If built to Army Corps of
Engineer’s standards, the levee would require armoring. A levee is not recommended
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because there appears to be very little damage for the 100 Year event and only slightly
more for the 500 Year event.

Cultural Center

A Cultural Center, intended to provide Community members and visitors with
information regarding the historic way of Pima Maricopa Indian Community life, is
planned as part of the greater river restoration project. The exact location of the Center
has yet to be determined, however, it will be placed relatively close to the river, so that
the river and its associated vegetation can be visually highlighted in the area surrounding
the Center itself. Materials historically and culturally important to the Indian Community
may be planted in the area surrounding the Center, as well as highlighting the native river
vegetation. It can be expected that greater infrastructure and resources will be necessary
to achieve the expected level of vegetation establishment.

Alternatives Under Evaluation

The thirteen alternatives developed vary with respect to vegetation layout, amount of
river channelization, reshaping and method(s) for distributing water. Levees, bank
stabilization and water sources (groundwater and/or surface water) were examined.
These measures were combined into alternatives that result in varying amounts of a given
PWAA being represented within the project reach. Table 3-1 provides a list of all
alternatives considered for the Va Shly’ay Akimel ER and is followed by a brief
description of each.. An in-depth description of each alternative is available in the F4
document.

Table 3-1
Va Shly’ay Akimel ER-FS alternative list.

Alternative  Alternative
Name Letter
LOAD
MEAD
HIAD
MINE
VHAD
MAX
CWAD
MSAD

CHNL
BRAD
NODL
POCK
WET
MAX
MAX

OZZErXc — I OMMOO®W>»
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A -LOAD: Xero-Riparian dominated with minimal vegetation establishment.
.B-MEAD: Xero-Riparian dominated with moderate vegetation establishment.
C - HIAD: Xero-Riparian dominated with extensive vegetation establishment.

D -MINE:  Meso-Riparian dominated with moderate vegetation establishment.
Stream channelization, but avoiding sand and gravel mines.

E-VHAD: Meso-Riparian dominated (cottonwood-willow, mesquite and xero-
riparian species) with extensive vegetation establishment.

F - MAX: Meso-Riparian dominated with maximum vegetation establishment.
Reshaping and channelization activities are also included.

G -CWAD: Cottonwood dominated with a braided channel network.
H - MSAD: Mesquite bosque dominated with a braided channel network.

I- CHNL: Cottonwood dominated with moderate vegetation establishment. Stream
channelization is also included.

J - BRAD: Cottonwood dominated with extensive vegetation establishment. Also
includes reshaping of selected sand and gravel impacted areas.

K-NODL: Cottonwood dominated with extensive vegetation establishment. No
reshaping of sand and gravel mining areas.

L-POCK: Cottonwood and mesquite co-dominated with moderate vegetation
establishment. Restoration activities located to provide maximum
visibility from surrounding roadways.

M - WET: Hydro-riparian dominated with extensive vegetation establishment.

N - MAX: Meso-Riparain dominated modification of alternative F-MAX.

O - MAX: Meso-Riparian dominated modification of alternative F-MAX.

Baseline Conditions

Baseline Acres and Cover Types
Thirteen existing cover types were identified in the Va Shly’ay Akimel project area, the
majority of which could be considered degraded because of a lack of water or because of
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anthropogenic activities. Of the 5,870.6 total project acres, Scrub-shrub lands occupy the
majority of the project area at 2,057.1 acres. The second most prevalent existing cover
type supports sand and gravel mining activities (1,651.6 acres), while the third is
considered Desert (961.9 acres). Wetland and hydroriparian cover types do occur but
these are, in general, located at the upstream and downstream most reaches of the project
area where subflow from Granite Reef Dam or surface discharges from agriculture,
wastewater treatment, or urban dry-weather flows enters the system respectively.
Existing cottonwood-willow forests only represents 69.5 acres of the project, while
riverbottom (largely unvegetated but including emergent marshes) accounts for 334.6
acres. A complete listing of baseline cover types (PWAAS) and their respective acreages
is presented in Chapter 2, Table 2-9.

Baseline Variable Values for Each Cover Type

The HGM model was used to assess the baseline conditions for the Va Shly’ay Akimel
ER study site. Baseline field data were collected in the spring of 2002 to determine
existing conditions for the site. Data for each variable per cover type was recorded, and
the means/modes were calculated to generate baseline Functional Capacity Index (FCIs).
For detailed information regarding the field data collected by the Biological Team, please
refer to the discussion on the collection of variables in Chapter 2 of this document.

Baseline Evaluation

Ten (10) HGM functional formulae from the Arizona Riverine model were used to
evaluate the ecosystem benefits in the Va Shly’ay Akimel project area under baseline
conditions, as well as for the different alternatives. These functional indices included:

FXN 01: Maintenance of Characteristic dynamics

FXN 02: Dynamic Surface Water Storage/Energy Dissipation
FXN 03: Long Term Surface Water Storage

FXN 04: Dynamic subsurface Water Storage

FXN 05: Nutrient Cycling

FXN 06: Detention of Imported Elements and Compounds
FXN 07: Detention of Particles

FXN 08: Maintain Characteristic Plant Communities

FXN 09: Maintain Spatial Structure of Habitat

FXN 10: Maintain Interspersion and Connectivity

Plots showing the baseline FCI and FCU results are provided in Appendix A, while these
data are provided in tabular form in Table 3-2 below.
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Table 3-2
Baseline HGM Functional Capacity Indices (FCI) and Functional Capacity Units (FCU) for the Va
Shly’ay Akimel ER project.

Function Name Weighted FCU
FCI

FXN 01: Maintenance of Characteristic dynamics 0.333 821.8
FXN 02: Dynamic Surface Water Storage/Energy 0.423 1044.0
Dissipation

FXN 03: Long Term Surface Water Storage 0.048 119.1

FXN 04: Dynamic subsurface Water Storage 0.083 204.1

FXN 05: Nutrient Cycling 0.384 947.3

FXN 06: Detention of Imported Elements and Compounds 0.333 820.8

FXN 07: Detention of Particles 0.311 767.5
FXN 08: Maintain Characteristic Plant Communities 0.602 1484.5
FXN 09: Maintain Spatial Structure of Habitat 0.399 983.4
FXN 10: Maintain Interspersion and Connectivity 0.377 929.7
Total N/A §122.2

Inspection of Table 3-2 shows only one weighted FCI value falling within the moderately
functional range (0.5<FCI<0.75) indicating the potential for restoration does exist within
the Va Shly’ay Akimel project reach of the Salt River. The lowest overall baseline FCI's
are related to long term surface water and dynamic subsurface water storage which reflect
the current lack of water resources entering the project area(s). The far right column of
Table 3-2 provides the baseline FCU’s based upon the FCI scores multiplied by the
associated existing partial wetland assessment area acreages (PWAAs).

Future Conditions

Without Project Conditions

Based in the general Without Project trends described earlier in Chapter 2, the Biological
Team developed a series of incremental projections to describe future conditions at the
study site. Important factors in the projects were the continuing degradation of the river
by incision, sand and gravel mining activities, as well as urban development. The team
forecast the impacts in terms of acreage losses, as well as capturing the impacts in terms
of degrading water quality and vegetation composition and structure scores.

In terms of acres, it was assumed that 5-years after construction (TY 6) 288 acres of
existing PWAA would be lost and converted to residential, industrial, and transportation
cover types. This includes 50% of the 69.50 acres of the cottonwood willow forest
PWAA. Cover type acreage does not vary, except for the remnants of the existing
cottonwood-willow forest, until the end of the project (TY 51). Between TY 26 and TY
51, it was assumed that the remaining 30.6 acres of cottonwood-willow forest would
become newly developed river bottom areas within the active channel.

Without project FCI results for all 10 functions are presented graphically in Figure 3-2.
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As can be seen all functional capacity indices decrease over time for the without project
conditions. With the exception of function 01 which does not vary until between TY 6
and TY 26 (Maintenance of Characteristic Dynamics), all other FCI’s experience a
reduction in value that occurs between TY 1 and TY 6.

Resulting Without Project changes in Average Annual Functional Capacity Units
(AAFCUs) are provided graphically in Figure 3-3. In general, the AAFCUs remain
constant for the first year, but degrade significantly (-92 AAFCUs) between TY | and TY
6. The decline in AAFCUSs is then more gradual with a reduction of 11 AAFCUs
occurring over the next 18 years (TY 20). By the end of the project’s life (TY 51) an
additional 4 AAFCUs are lost.

WOP Changes in FCIs Over Time
for Va Shly 'Ay Akimel
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Figure 3-2
Va Shly’ay Akimel without project changes in FClIs over time for all 10 HGM functions evaluated.
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Trend in Average Annual Functional Capacity Units (AAFCUs)
Without Project Conditions Only
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Figure 3-3
Without project Annual Average Functional Capacity Units (AAFCU) summary plot.

With Project Conditions

With the general trends of the Without Project condition in mind, the E-Team developed
acreage and variable projections for the 15 alternatives presented above. Further these
alternatives, when possible, were formulated with the intent of meeting as many of the
goals and objectives developed and discussed earlier. As a general rule, the E-Team
developed alternatives that varied with respect to the character and level of vegetation
restoration, and either did or did not require specific engineering issues to be addressed
(Table 3-3).

Vegetation character included Xeric-, Meso-, and Hydro-riparian communities in
addition to those in which either Cottonwood or mesquite dominate. The level of
vegetation restoration was defined by a range that includes minimal, moderate and
extreme. The alternative MAX (F, N, & O) involves the maximum level of vegetation
restoration, while LOAD (A) requires a minimal level. The remaining 11 alternatives
require a moderate level of vegetation restoration.

Engineering considerations were necessary for 8 of the thirteen alternatives. Such
considerations include the creation of channelized streams segments, reshaping of the
channel invert, construction of braided channel networks, and sight/visibility corridors
adjacent to surrounding roadways.
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Table 3-3

Va Shly’ay Akimel ER-FS with project alternative conditions.

Vegetation Proposed Level of Specific Engineering Issues Alternative
Vegetation Code
Restoration
Xero-Riparian Dominate Minimal None A-LOAD
Moderate None B-MEAD
Extensive None C-HIAD
Meso-Riparian Dominate Moderate Channelized Stream (Avoiding Mine) D-MINE
(Co[tonwoqd. Mcsquﬂc Extensive None E-VHAD
& Xero-Riparian)
Maximum Reshaping and Channelized Stream F-MAX
Cottonwood Dominate Extensive Braided Channel Network G-CWAD
Mesquite Dominate Extensive Braided Channel Network H-MSAD
Cottonwood Dominate Moderate Channelized Stream [-CHNL
Extensive Reshaping of Sand & Gravel J-BRAD
Extensive NO Reshaping of Sand & Gravel K-NODL
Cottonwood & Mesquite Dominate Moderate High Visibility from Roads L-POCK
Hydro-Riparian Dominate Extensive None M-WET
Meso-Riparian Dominant Maximum Reshaping and Channelized Stream N-MAX
Meso-Riparian Dominant Maximum Reshaping and Channelized Stream O-MAX

Evaluation of Alternatives

Overall Review of the HGM Results
The overall HGM gains and losses in AAFCUs per alternative are summarized in Table
3-4. Inspection indicates only three alternatives exceed the performance target of 915.
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Table 3-4
Net AAFCUs for each HGM model per alternative for the Va Shly’ay Akimel ER-FS.

Va Shly Ay Alternatives WATER BIOGEOCHEM HABITAT
RAX = ] =
|
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sealedlReal LB ] L8 | S S
@ o < N v, o e = ~ a o ) -
< z 4 z
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407 311 72 324 275 385 569 534 454
564 240 422 370 621 808 840 887
792 300 591 466 812 1015 1065 1226

883 396 690 567 953 1225 1267 1525

1155 694 852 587 1102 1248 1377 1521

919 552 750 554 91 1177 1257 1466

939 535 592 462 957 1040 1147 1249

732 589 601 409 663 752 766 1006

9202 640 717 508 9201 1044 1131 1343

761 619 572 405 715 527 619 814

744 693 671 477 751 920 947 971

862 777 667 477 830 953 1024 1211

1023 891 652 812 565 912 1127 1178 1370

1084 951 657 851 590 976 1192 1242 1455

1324 234 194 1152 821 1157 1617 1040 926
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In general, the alternative requiring moderate or minimum levels of vegetation restoration
resulted in the least amount of Net AAFCUs, while those requiring maximum or
extensive levels resulted in the highest amount. Interestingly, the need to address specific
engineering issues did not appear to correlate well with the amount of AAFCUs produced
by a given alternative.

When considered by functional group, e.g. Water-related, Biogeochemically-related, or
Habitat-related, Performance Target Net AAFCUs are met or exceeded by four of the 10
functions. All 15 alternatives exceed the performance target value for FXN 3:
WATSTORLNG, while 14 alternatives satisfy target values for FXN 4: WATSTORSUB.
None of the alternatives exceeded the performance target value for FXN 1:
CHANNELDYN, FXN 2: WATSTORENR, nor were they by any of the biogeochemical
functions, (NUTRIENTS, FXN 5, ELEMENTS, FXN 6, and DETPARTICL, FXN 7).
Two of the habitat related functions, 9 (HABSTRUCT) and 10 (INTERSPERS), met
performance targets in 9 and 12 of the alternatives respectively. Detailed information
regarding these results can be found in the Appendix to this report.

Top Four Biological Winners Using HGM

As previously mentioned inspection of Table 3-4 above indicates that only three
alternatives E - VHAD, F - MAX, and G - CWAD exceed the targeted net AAFCUs. F -
MAX was subsequently reformulated into three alternatives F-MAX, N-MAX and O-
MAX. O-MAX turned out to be the sponsors preferred alternative. These winners are
briefly described below:

#1 O - MAX Meso-Riparian dominated with maximum vegetation
establishment. Minimal reshaping and channelization
activities are also included. Net AAFCUs produced = 963

#2 F - MAX Meso-Riparian dominated with maximum vegetation
establishment. Reshaping and channelization activities are
also included. Net AAFCUs produced = 1035

#3 G -CWAD  Cottonwood dominated with a braided channel network.
Net AAFCUs produced = 943

#4 E- VHAD  Meso-Riparian dominated (cottonwood-willow, mesquite
and xero-riparian species) with extensive vegetation
establishment. Net AAFCUs produced = 926

Performance Target =915 AAFCUs
Individual HGM Model Results

Creating wetland and riverine riparian habitat under these winning scenarios, even though
the quality of these areas were less than optimal for the HGM functions (i.e., 0< FCIs<1.0
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by TYS51), nevertheless resulted in favorable returns on an AAFCU basis for all four of
the proposed winning alternatives. With respect to the FCI scores at TY51, the flowing
summations can be made on a model-by-model basis.

Function 1: Maintenance of Characteristic dynamics

Less than optimum (FCI = 1.0), the FCI values for the four top finishers ranged from 0.37
(E - VHAD) to 0.38 (O-MAX, F-MAX, and G-CWAD). The baseline results indicated
the FCI for TY 51 was 0.28, hence improvement in this model is seen over baseline
conditions for all three alternatives. A summary of the TY 51 performance target
AAFCU and the AAFCUs values for the top three biological winners:

AAFCU Performance Target = 689
AAFCU O-MAX =627
AAFCU F-MAX = 680
AAFCU G-CWAD =682
AAFCU E-VHAD =763

Function 2: Dynamic Surface Water Storage/Energy Dissipation

FCI values for the four top finishers ranged from 0.50 in E-VHAD to a high of 0.59 for
alternatives O-MAX and F-MAX. G-CWAD had an intermediate value of 0.55. Only O-
MAX and F-MAX resulted in an improved FCI score when compared to the baseline
condition at TY 51 for Function 2 (0.57). A summary of the TY 51 performance target
AAFCU and the AAFCUs values for the top three biological winners:

AAFCU Performance Target = 1324
AAFCU O-MAX = 1084
AAFCU F-MAX =1129
AAFCU G-CWAD =1020
AAFCU E-VHAD =987

Function 3: Long Term Surface Water Storage

The performance target FCI, (0.09) for Function 3 was exceeded by the top four
biological alternatives. At TY 51 the FCI for long term surface water storage was 0.29
and 0.35 for O-MAX and F-MAX respectively, 0.29 for G-CWAD, and 0.25 for E-
VHAD. A summary of the TY 51 performance target AAFCU and the AAFCUs values
for the top three biological winners:

AAFCU Performance Target = 234
AAFCU O-MAX =951
AAFCU F-MAX = 1155
AAFCU G-CWAD =979
AAFCU E-VHAD =883
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Function 4: Dynamic Subsurface Water Storage

The final FCI target value for Function 4 (0.08) was exceeded by all four top biological

. winners. O-MAX and F-MAX were almost three times the target value at 0.22 and 0.23
respectively, while G-CWAD was 0.19. E-VHAD had the lowest TY51 FCI value at
0.14. A summary of the TY 51 performance target AAFCU and the AAFCUs values for
the top three biological winners:

AAFCU Performance Target = 194
AAFCU O-MAX =657
AAFCU F-MAX =694
AAFCU G-CWAD =552
AAFCU E-VHAD =396

Function 5: Nutrient Cycling

The performance target FCI value at TY 51 was exceeded by O-MAX, F-MAX, and
CWAD. In such cases these improvements were slight, 0.07 increases for O-MAX and
F-MAX, and 0.01 increase for G-CWAD over the target FCI for this function which was
0.50. The fourth top biological alternative E-VHAD does not achieve the performance
target value at 0.44. A summary of the TY 51 performance target AAFCU and the
AAFCUs values for the top four biological winners:

AAFCU Performance Target = 1152
AAFCU O-MAX = 851
AAFCU F-MAX = 852
AAFCU G-CWAD =750
AAFCU E-VHAD =690

Function 6: Detention of Imported Elements and Compounds

All four top biological winners meet or exceed the performance target FCI value (0.33)
for Function 6. The Alternatives O-MAX and F-MAX are highest at 0.39, while G-
CWAD and E-VHAD were 0.37 and 0.34 respectively. A summary of the TY 51
performance target AAFCU and the AAFCUs values for the top four biological winners:

AAFCU Performance Target = 821
AAFCU O-MAX =590
AAFCU F-MAX =587
AAFCU G-CWAD =554
AAFCU E-VHAD =567

Function 7: Detention of Particles

Only one of the top four biologically winning alternatives, F-MAX (0.52), meets the
performance target established for the Function 7 of 0.50 at TY 51. O-MAX had a value
of 0.49, while G-CWAD had a value of 0.47, and E-VHAD had a value of 0.43. A
summary of the TY 51 performance target AAFCU and the AAFCU values for the top
four biological winners are provided below:
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AAFCU Performance Target = 1157
AAFCU O-MAX =976
AAFCU F-MAX = 1102
AAFCU G-CWAD =991
AAFCU E-VHAD =953

Function 8: Maintain Characteristic Plant Communities

The performance FCI target value at TY 51 for Function 8 was achieved by three of the
four top winning biological alternatives, O-MAX (0.76), F-MAX (0.79) and G-CWAD
(0.74), while the fourth best biological winner E-VHAD equaled it at 0.70. All of these
alternatives fall within the moderately functioning range of FCI values. A summary of
the TY 51 performance target AAFCU and the AAFCUs values for the top four

biological winners are now provided:

AAFCU Performance Target = 1617
AAFCU O-MAX =1192
AAFCU F-MAX = 1248
AAFCU G-CWAD =1177
AAFCU E-VHAD =1225

Function 9: Maintain Spatial Structure of Habitat

The top four biologically winning alternatives exceed the target FCITY 51 value for
Function 9 (Target TY 51 FCI = 0.45) and all fall within the moderately functioning
range. The final FCI TY 51 values for the alternatives were 0.64, 0.69, 0.63, and 0.60 for
the alternatives O-MAX, F-MAX, G-CWAD, and E-VHAD respectively. A summary of
the TY 51 performance target AAFCU and the AAFCU values for the top four biological
winners are shown below:

AAFCU Performance Target = 1040
AAFCU O-MAX = 1242
AAFCU F-MAX = 1377
AAFCU G-CWAD =1257
AAFCU E-VHAD =1267

Function 10: Maintain Interspersion and Connectivity

The final performance target value for Function 10 was 0.40. This was exceeded by all
three of the top biological winners. O-MAX and F-MAX produced final TY 51 FCI
values of 0.68 and 0.70 respectively. G-CWAD had a final TY 51 FCI score of 0.67 for
Function 10, while E-VHAD was 0.64. A summary of the TY 51 performance target
AAFCU and the AAFCUs values for the top four biological winners are now provided:

AAFCU Performance Target = 926
AAFCU O-MAX = 1455
AAFCU F-MAX = 1521
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AAFCU G-CWAD = 1466
AAFCUE-VHAD =1525

Cost Analysis

Project Costs

Two techniques were used to determine the most cost effective alternatives. The first
method compared alternatives with respect to their cost effectiveness and is termed the
Cost Effectiveness Analysis or CEA. Using this method, alternatives that produced
increased levels of output, measured as AAFCUs, for the same or lesser costs were
considered “effective” solutions and were retained. Those alternatives that provided
lesser return for higher associated cost were dropped from consideration. The “effective”
solutions were then assessed on the basis of efficiency in which “efficient” alternatives
where those that produced similar levels of AAFCUs at the least expense. In order to
establish a common point in time for alternative comparisons, the AAFCUs developed
from the HGM analysis were modified. The reader is encouraged to refer to Section 5.7
of the Alternative Formulation Briefing Report for a full explanation.

The second technique involved conducting an Incremental Cost Analysis (ICA) using
those alternatives that were deemed “efficient”. In short, the ICA explores the costs
associated with a given incremental increase in output of a given alternative. The results
of this two-part analysis identified alternatives that are both cost and incrementally
effective. Annualized costs and outputs for all alternatives, as well as the results of the
CEA and ICA evaluations are discussed in the Cost Appendix to the main F4 Report.

Top Three Cost Effective Solutions Based On HGM Results

The cost analysis indicates that the top three Cost Effective Solutions include alternatives
A2 - LOAD, B2 - MEAD, and L2 - POCK (Table 3-5). Alternative A2 - LOAD
produces 389 AAFCUs with an average annual cost of $1,621,000. Alternative B2 -
MEAD was the next most cost effective solution producing 619 AAFCUs for an average
annual cost of $5,355,000. Alternative L2 - POCK was the third most cost effective
solution providing 792 AAFCUs for an average annual cost of $7,570,000. The average
annual cost per average annual functional capacity unit for the top three most cost
effective solutions are provided in Table 3-5 below. Three of the top four biological
winners are included in Table 3-5 for comparison; the least costly being two-times the
cost of the least expensive alternative.

Table 3-5. The top three cost effective solutions for the Va Shly’ay Akimel restoration study. Note: in
$1,000s.

Alternative AAFCU* AAC/AAFCU
1) A2 (LOAD) 389 $4.20
2) B2 (MEAD) 619 $8.60
3) L2 (POCK) 792 $9.60

*Note: AAFCU’s adjusted for cost analysis time-frame.
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Top Three Incrementally Effective Solutions Based On HGM Results

Results of the ICA indicate that the top three incrementally cost effective solutions
include alternatives A2 - LOAD, O2 - MAX, and F2 - MAX (Table 3-6). Alternative A2
- LOAD is again included as an ICA alternative although the AAFCU is well below the
project goals. The second place ICA alternative, O2 - MAX does however meet the
project biological goals with an AAFCU of 1,006. The average annual cost for
alternative O2 is $9,158,000. The third most incrementally cost effective alternative was
F2 which produced 1,084 AAFCUs for an average annual cost of $15,409,000. Table 3-8
provides a summary of the top three ICA alternatives including their respective AAFCUs,
incremental AA Cost, and incremental AAC/AAFCU.

Table 3-6. The top three ICA solutions for the Va Shly’ay Akimel restoration study. Note: in $1,000s.

Alternative AAFCU* Incremental Incremental
AA Cost AAC/AAFCU

1) A2 (LOAD) 389 $1,621 $4.20

2) 02 (MAX) 1006 $7,537 $12.20

3) F2 (MAX) 1084 $15,409 $80.50

*Note: AAFCU’s adjusted for cost analysis time-frame.
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CHAPTER 4 - Tradeoffs

During the HGM process alternatives are compared based upon the model outcomes with
respect to wetland functions achieved, plant communities present, and the overall species
mixture of the proposed system. The model itself is based upon functional groups within
which many variables can be measured. Other variables and hence functions can not and
must be estimated. Using these data as a basis, the alternatives are formulated, and the
resulting output collected, ranked, and compared. Often times, such comparisons rely
upon expert opinion and documentation to make the final selection.

The Va Shly’ay Akimel Environmental Restoration Trade-offs
Process

During the Va Shyl’ay Akimel environmental restoration HGM process, FCI models
were chosen to emphasize the importance of critical wetland processes and functions. In
all only four “priority” functions were selected and of those two focused upon the
“water” functional group and two focused upon the “habitat™ functional groups. No
biogeochemical functions were considered as a “priority” because the Team felt that
these functions could not be restored without restoring the overall hydrology to the
contributing watershed. Conversely, those functions that were considered as “priority”
functions were those that the Team felt, at least on an appropriate scale, could
realistically be achieved. Those priority functions included: Maintenance of
Characteristic Dynamics, e.g. appropriate energy can be supplied to sustain the project
feature over the long-term; Long-Term Subsurface Water Storage, e.g. creation and
maintenance of perched groundwater area(s) or long-term surface irrigation will be
provided; Maintain Characteristic Plant Communities, e.g.. sufficient energy will be input
over the long-term in the form of operation and maintenance to reduce invasive/exotic
plants and to promote native plant communities; and Maintenance of Spatial Structure,
e.g. there would be an operation and maintenance commitment to ensure the original
habitat and ecosystem mosaic is sustained for the life of the project. Although the above
listed functions were considered as a priority, the HGM analysis considered all eleven.

If desirable, the influence of one function over that of another in an HGM model can be
altered through the use of a relative value index or RVI. For example, the Team felt that
Function 4, Detention of Imported Elements and Compounds would not be improved
because of a lack of incoming materials due to the ephemeral nature of the project reach.
To downplay the importance of Function 4, an RVI score could be assigned to weight the
outcome of Function 4 to be of less importance than the other functions. Along the same
lines, the priority functions could be assigned RVI values that weight their outcomes to
be more important.
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Although the Team considered the use of the RVI Trade-Offs process, it was not
implemented. The Team instead acknowledged that there were assumptions made about

. all functions and that many functions were interdependent. The interdependency was

such that increasing the importance of one, similarly increased the importance of others
that were related, e.g. increasing the importance of water in the root-zone, likely resulted
in increased plant community fitness and spatial structure.

As stated, the Va Shly’ay Akimel project did not utilize a formal tradeoff process with
RVIs. Instead, it relied upon the weighting done by prioritizing the functions which were
constructed using weighted variables. Table 4-1 provides the reader with a summary of
the top three Cost Effective Analysis, Incremental Cost Analysis, and HGM rankings.

Table 4-1. The Va Shly’ay Akimel Environmental Restoration Study top three Alternatives based
upon the CEA, ICA, and HGM analyses.

Rank* CEA ICA HGM
i A2 LOAD A2 LOAD Fl MAX
g B2 MEAD 02 MAX 01 MAX
31 L2 POCK F2 MAX G1 CWAD

* The ranking of alternatives for the Va Shyl’ay Akimel Environmental RS does not
consider RVIs, due to the decision not to conduct trade-offs.
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CHAPTER 5 - Summary and Conclusions

Overall Results Summarized

Based on the HGM assessment, the District can expect the proposed ecosystem
restoration efforts to increase in ecosystem productivity and associated returns to riparian
communities. The primary goal of this study is ecosystem restoration. The ecosystem
restoration goal consists of hydraulic, vegetation, then eventually species restoration.
Given the results documented in the previous chapters of this report, the District can
reasonably assume that this goal will be met, since ecosystem function and restored
communities are expected to increase in both quality and quantity over the life of the
project.

Summary of Plans Under Consideration

The Biological Plan

This section provides a short summary of each of the top three biological plans based on
the HGM analysis. Note that sub-alternatives | and 2 (denoting irrigation methods) do
not differ with regard to biological outcome and therefore are not discussed separately.
The top three alternatives from first to third were: alternative F, alternative O, and
alternative G. These alternatives produce net AAFCU gains of 1035, 963, and 943
respectively (Table 5-1). Final FCI gains and habitat acres gained are shown in Table 5-
L

Table 5-1. Net AAFCU gains, final FCI scores, and gains in habitat acres for the top three biological
alternatives Va Shly’ay Akimel restoration study.

Alternative
F (@) G
Net AAFCU 1035 963 943
Final FCI score 0.52 052 0.48
Habitat Gain (acres) 447 442 457
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