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1.0 INTRODUCTION

In 1998 the City of Phoenix, City of Tempe, and the Corps of Engineers (Los Angeles District), completed a
Feasibility Report and Environmental Impact Statement for Salt River Project within the City Limits of Phoenix
and Tempe, Arizona. These Reports propose the restoration of the ecosystem function of the Salt River as it
weaves through Phoenix and Tempe. Besides establishing a variety of habitats, the Reports propose a multitude
of recreational opportunities. The targeted areas of improvement include five miles of the Salt River in Phoenix,
1.3 miles of the tributary Indian Bend Wash, and an additional mile of the Salt River in Tempe. Biological
improvements include mesquite terraces, pockets of willow and cottonwood, wetland marshes, aquatic strands,
and open edges. The recreational plan recommends trails, parking lots, rest rooms, educational signage, shelters,
and associated features. The completed project will combine differing habitats with diverse recreational
opportunities. This Design Documentation Report (DDR) details the desigh and construction process
subsequent to the submittal of the Feasibility Report and Environmental Impact Statement for the Low Flow
Channel portion of the Rio Salado Project, Phoenix Reach. This DDR has been prepared in the format as
outlined in ER 1110-2-1150, Engineering and Design for Civil Works Projects (August, 1999), Appendix D, as
applicable.

1.1 PROJECT AUTHORIZATION

The 1994 Senate Energy and Water Development Appropriations Bill initiated the Rio Salado, Salt River, AZ
Reconnaissance Report, U.S. Army Corps of Engineers, Los Angeles District, South Pacific Division, March
1995 which eventually led to the Rio Salado, Salt River, Atizona, Feasibility Report and Environmental Impact
Statement, April 1998. On August 20, 1998, the Chief of Engineers, U.S. Army Corps of Engineers
recommended that the Secretary of the Army approve the Feasibility Study's selected plan and allow the project
to proceed into the Preconstruction Engineering and Design (PED) phase per ER 1110-2. The Rio Salado
Project was divided into the Phoenix Reach and Tempe Reach. The PED for the Phoenix Reach was
authorized 31 July 1998. The project sponsor is the City of Phoenix (COP), who is partnered with the Flood
Control District of Maricopa County (FCDMC). The FCDMC's conttibution will be to award and monitor

construction of the LLFC.

1.2 PROJECT DESCRIPTION

The project consists of a five mile stretch of the Salt River, within the Phoenix City limits which extends
approximately 500 feet upstream of the 19t Avenue Bridge to approximately 1,500 feet downstream of the
Interstate 10 Bridge. In an effort to re-establish vegetative and wildlife habitat to this section of the Salt River, a
low flow channel (LFC) will be constructed within the bank limits of the tiver. The intent of the LFC is to
offset the 100-year flood capacity lost through the re-establishment of vegetation to the channel and associated
volume modifications as a result of terrace construction on the banks of the river. Increasing the vegetation
within the bank limits of the Salt River will increase the roughness of the river resulting in lower channel
velocities and larger flow depths. To compensate, the LFC has been designed to safely transmit a flow rate of
approximately 12,200 cubic feet per second.

The LFC is to be constructed of earthen materials. Roller Compacted Concrete (RCC) structures will be built to
litnit scour and local degradation of the LFC and adjacent environmental habitat restoration ateas. The RCC
structures to be designed for the channel include thirty-eight (38) Guide Dike Structures (GDS), four (4) Grade
Control Structures (GCS), two (2) scour protection aprons and reinforcing bank protection, where required.
Other minor structures typically associated with flood control channels will also be constructed. These include
side drain conveyance structures, access roads, and other miscellaneous elements. Section 4.0 of this treport
documents various engineering investigations performed for the LFC. Section 5.0 details the engineering design
of the aforementioned channel and structures.
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The design and construction of the LFC was divided into two (2) phases. Phase 1 extended from upstream of
the 19t Avenue Bridge to near the 7t Street Bridge. Phase 2 extended from near the 7t Street Bridge to just
downstream of the ADOT grade control structure located near the Interstate 10 Bridge. In all, there exist a total
of five roadway bridges and two earthen material conveyor bridge structures between each end of the project.
Scour analyses were performed on the bridge structures to verify stability during a design flow event. Section
4.3.5 of this report discusses the scour estimations at the bridge structures and Section 4.3.6 of this report

discusses the supporting structural analyses and designed retrofits for the bridges.
1.3 PROJECT DATA AND PROJECT DOCUMENT REFERENCES

1.3.1 PROJECT DATA

As indicated in the previous sections, the LFC was broken into separate phases for design and construction.

The following table summarizes relevant statistics for the channel configuration:

TABLE 1
PROJECT SUMMARY
PHASE 1 PHASE 2 TOTAL

GENERAL DATA:

100-year flow (cfs) 166,000 166,000 166,000

LFC flow capacity (cfs) 12,200 12,200 12,200

Channel Length (miles) 2.0 2.8 438

Starting Station (tiver miles) 211.63 213.62 211.63

Ending Station (tiver miles) 213.62 216.40 216.40

Channel Section Trapezoidal Trapezoidal Trapezoidal

Bottom Width (feet) 205 160 — 205 160 — 205

Side Slopes (H:V) 3H:1V/4H:1V 3H:1V 3H:1V/4H:1V

Channel Lining None None None

Excavation Volume (cubic yards) 770,000 875,000 1,645,000
GRADE CONTROL STRUCTURES:

Number of Grade Control Structures i 3 4

Number with Scour Protection Aprons 1 1 2

Construction Matetial RCC RCC REC

Volume (cubic yards) 33,600 50,920 84,520
GUIDE DIKE STRUCTURES:

Number of Structures 20 18 38

Construction Material RCC/Gabions RCC/Gabions RCC/Gabions

Matetial Volume (cubic yards) 22,930 28,275 51,205
BANK PROTECTION STRUCTURES:

Amount of Protection (linear feet) 2,250 0 2,250

Construction Material RCC N/A RCC

Volume (cubic yards) 15,667 0 15,667
CONSTRUCTION COSTS:

Cost $6,111,406 $10,918,230 $17,029,636

Soutce R.E. Monks Engineers Est.

(low bidder)

1.3.2 PROJECT DOCUMENT REFERENCES

The following data soutces and project document references were used in the preparation of this DDR.
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AGRA Earth & Environmental, Inc. (May 16, 2000). Geotechnical Investigation Report, Design of Grade Control
Structures. Prepared for WEST Consultants, Inc. Submitted to the Cotps of Engineets.

Aspen Environmental Group (March, 1998).  Final Environmental Impact Statement, Rio Salado Environmental
Restoration. Prepared for the U.S. Army Corps of Engineers.

Dames & Moore (January 31, 2000). Draft Data Analysis Report, Rio Salado Habitat Restoration Project. Prepated for
the US Army Corps of Engineers.

Dames & Moore (April 26, 2000). Draft Data Analysis Report, Rio Salado Habitat Restoration Project. Prepared for
the US Army Corps of Engineers.

Flood Control District of Maricopa County (1992). FCDMC AILLERT System Precipitation Report.
Flood Control District of Maricopa County (1993). FCDMC ALERT System Precipitation Report.

Sabol, G.V., J.M Rumann, D. Khalili, and S. D. Waters (September 1, 1990). Hydrologic Design Mannal for Maricopa
County, Arizona.

Sabol, G.V., J.M Rumann, D. Khalili, and S. D. Waters (June 1, 1992). Documentation / Verification Report for the
Drainage Design Manual for Maricopa County, Arigona — Volume 1 — Hydrology.

Salt River Valley Water Users” Association (1985). Zanjero Area Maps.

SA&B (September 28, 1999). Health and Safety Plan, Rio Salado Project Area Between 19% Avenue and the Interstate 10
Bridge, Phoenix, Arizona. Prepared for the City of Phoenix.

SCS Engineers (February 19, 1999). Phase I Environmental Assessment, Rio Salado Project Area, Phoenix, Arizona.
Prepared for the City of Phoenix.

SCS Engineers (February 29, 2000). Phase II Environmental Assessment, Rio Salado Project Area, Phoenix, Arigona.
Prepared for the City of Phoenix.

US Army Corps of Engineers (April, 1998). Feasibility Report and Environmental Impact Statement. Prepated for the
Rio Salado Project.

US Army Corps of Engineers (September, 1999). Design Analysis. Prepared for the Rio Salado Project.

US Army Corps of Engineers (September, 1999). 60% Submittal — Construction Solicitation and Specifications.
Prepared for the Rio Salado Project, Phoenix Reach, Low Flow Channel, Phase 1 (19t Avenue to 7t

Street).

US Army Corps of Engineers (August 31, 1999). Engineering and Design for Civil Wotks Projects. Regulation #
ER 7710-2-1150.

US Army Corps of Engineers (January, 2000). 95% Submittal — Construction Solicitation and Specifications. Prepared
for the Rio Salado Project, Phoenix Reach, Low Flow Channel, Phase 1 (19t Avenue to 7t Street).

US Army Corps of Engineers — Survey Section (July 14, 2000). Rio Salado Phase II, Phoenix, Arizona. Prepared
for the Rio Salado Project.
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WEST Consultants (June 21, 1999). Pre-Final (90 Percent) Low Flow Channel Design Analysis Report for Rio Salado
(Salt River), Arizona. (Technical Appendices Only) Prepared for the U.S. Army Cotps of Engineers, Los

Angeles District.

WEST Consultants, Inc. (September 2, 1999). “Grade Control Structure Alternatives, Rio Salado (Salt River),
Phoenix, Atizona”. Memorandum to the Corps of Engineers.

WEST Consultants (January 11, 2000). Low Flow Channel Design Analysis for Rio Salado (Salt River), Arizona.
Prepared for the U.S. Army Corps of Engineers, Los Angeles District. 4 Volumes (Final Repotrt, Maps,

Technical Appendices I (1-3), and Technical Appendices IT (4-7)).
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2.0 ENGINEERING STUDIES

Priot to the initiation of design for the LFC, several engineering studies were completed to address the feasibility
and environmental impacts of the project. Following the identification of the selected alternative, a value
engineering study was performed to identify potential cost saving design features to the channel. The following
sections briefly describe these engineering studies and their recommendations.

2.1 ENVIRONMENTAL IMPACT STATEMENT

In conjunction with the Feasibility Study, an Environmental Impact Statement (EIS) (Aspen Environmental
Group, March, 1998) was prepared for the channel. The purpose of the EIS was to identify potential
environmental impacts, which would result from the construction, operation, and maintenance of the proposed
habitat ateas, LFC, and other improvements and facilities associated with the project.

Several environmental restoration alternatives were evaluated and discussed for the Phoenix Reach of the Salt
River. These alternatives were evaluated based on criteria associated with the following:

Geology and Geomorphology;

Air Quality;

Hydrology and Water Quality;

Biological Resources;

TLand Use and Recreation;

Cultural Resources;

Hazardous, Toxic, and Radioactive Waste;
Aesthetics;

Noise;

Transportation; and

Cumulative Impacts.

2.2 PROJECT FEASIBILITY STUDY AND RECOMMENDED PLAN

The study efforts (U.S. Army Cotps of Engineers, April, 1998) were directed toward establishing the feasibility
of envitonmental restoration with incidental recreation along the Salt River in Phoenix and Tempe, Atizona.
Restoration efforts are requited because upstream water projects have curtailed year-round water flows and
converted the once perennial Salt River into a dry riverbed devoid of habitat. The feasibility report intended to:
(1) provide a complete presentation of study results and findings, including those developed in the
reconnaissance phase so that readers can reach independent conclusions regarding the reasonableness of
recommendations; (2) indicate compliance with applicable statutes, executive orders and policies; and (3) provide
a sound and documented basis for decisions makers at all levels to judge the recommended solution(s).

The two non-Federal sponsors identified were the Cities of Tempe and Phoenix, Arizona. A key initial activity
of the feasibility effort was to work with the non-Federal sponsors to identify the study area and focus on the
environmental restoration opportunities, with associated incidental recreation opportunities, within the defined
study area. Upon initiation of the feasibility effort, the entire 33-mile reach studied under the reconnaissance
phase was evaluated for potential environmental restoration. However, after discussion with the non-Federal
sponsots, two specific sites were identified which would be of immediate interest in a cost-shared construction

project.
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The first site is located in Tempe, Arizona, on portions of the Indian Bend Wash and the Salt River and is
referred to as the “Tempe Reach.” The second site studied in this feasibility report is located entitely in the Salt
River within the City of Phoenix, Arizona and is referred to as the “Phoenix Reach.” As this DDR is being
prepared for the Low Flow Channel within the Phoenix Reach, the remaining discussion of the feasibility study
will focus on the Phoenix Reach.

There is currently very little habitat found within the Phoenix Reach. The desired habitat types for this atea
include mesquite habitat, cottonwood/willow habitat, wetland matsh, aquatic strand/scrub habitat, and open
edges. Integral to the restoration of riparian habitat is providing sufficient water to itrigate the desired
vegetation. After evaluation of several alternative water sources, groundwater was the selected source of water
for restoration activities within both teaches.

A number of habitat restoration alternatives were developed in cooperation with the non-Federal sponsor and
evaluated relative to their effectiveness, acceptability, and incremental economic efficiency. From the atray of
alternatives a plan was selected for each reach which was determined to be technically feasible, economically
efficient, and environmentally sound according to the Federal water resources planning ctiteria. The selected
plans would provide riparian habitat, marginal surface and groundwater quality improvement from well-head
treatment and the natural filtering ability of wetland vegetation, and incidental aesthetic and recreational
opportunities. Restoration within the Phoenix Reach would consist of approximately 130 acres of mesquite, 99
acres of cottonwood/willow habitat, 58 acres of wetland marsh, 51 acres of aquatic strand/scrub habitat, and

187 actes of open edges.

The non-Federal sponsors have also expressed a desire to increase the recreation opportunities incidental to the
restoration effort within the study area. The riparian habitat created by the selected restoration plans would be
unlike any other resource in the metropolitan area. The selected recreation plans intend to create a wide variety
of means to enjoy the resource, including viewing, picnicking, education, and exploting by foot, hotseback or
bicycle.

The analysis indicated that the selected plans are feasible and would provide envitronmental restoration benefits
that serve the public interest. In order to maintain the existing 100-year flood capacity, the Feasibility Study
suggests entrenching the LFC within the river's bottom to mitigate the capacity reduction induced by the
restorative features. A maximum low flow discharge of 12,200 cubic feet per second (cfs) was agreed upon by
the study team as being the design target discharge, based on a step 4 release schedule found in the Modified
Roosevelt Dam Water Control Diagram. This particular discharge cotresponded to between a 50- and 100-year
flow for a duration time of 30 days. However, in terms of peak flow, a discharge of 12,200 cfs corresponds to
less than a 5-year event.

The LFC, as presented in the Feasibility Study, was designed to have a natural vegetation bottom, consisting of
opportunistic emergent vegetation. The channel would have a 2H:1V slope soil cement embankment
throughout the channel except under each bridge crossing, where it would have a 3H:1V slope soil cement
embankments. The embankments were suggested to have a minimum 5-foot embedment below the base grade
of the LFC to limit scour and an 8-foot width to account for machinety operations during construction.

The selected alternative for the Phoenix Reach included approximately 2.5 miles of permanent open water
features, within the LFC, as part of the riparian system. This open water in the channel would consist of low
discharge perennial stream (5 cfs) that would connect four shallow ponds. The design features in suppott of
these features included the over-excavation of the low flow channel at the pond locations, and small inlet and
outlet structures upstream and downstream of the pond locations to guide the stream. It is expected that the
LFC and associated structures would have to be restored periodically after major flood events.

The selected plan included a total of four (4) drop structures within the LFC and two additional drop structures
located outside the low flow channel in side-drain outlet structures. The dtop structures would be made of 30
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inch thick Roller Compacted Concrete (RCC). The structures vary in height and would be constructed with a
minimum embedment 5 feet below the LFC base elevation.

2.3 VALUE ENGINEERING STUDY

A Value Engineering (VE) conference was held in Phoenix during September 1998. A draft report followed and
a conference was held between COP and COE regarding the VE recommendations on October 20, 1998.
There was a consensus on implementing or investigating some of the recommendations. A reoccurring
suggestion was to use more grade control structures (GCS) to eliminate or at least minimize the need for side
slope protection. This change will allow the LFC to meander thereby creating a more natural looking river
populated by valuable habitat. WEST Consultants, Inc., was contracted to prepare a hydraulic study
investigating the viability of the VE suggestions. Four GCS were included in the design along with 36 guide dike
structures (GDS) to minimize bank erosion and keep the LFC within the reach.
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3.0 ENGINEERING INVESTIGATIONS

3.1 GEOLOGICAL/GEOTECHNICAL INVESTIGATIONS

Several geotechnical investigations were performed to characterize materials within the banks of the Salt River
for the Phoenix Reach. The Corps of Engineers excavated a seties of test trenches within the project limits of
the Phoenix Reach to obtain geotechnical samples of the existing material. Agra was subcontracted to petform a
subsurface investigation of the materials below each of the grade control structures. The following documents
the geological and geotechnical investigations performed for the project.

A total of 32 test trenches were excavated at locations indicated on the construction plan drawings for project.
The test trenches were excavated to a depth of approximately 16 feet. The material is described primarily as
alluvial deposits of sandy gravel to gravely sand, with some cobbles. Various test trenches indicated thin lens
deposits of silt material at various depths. However, the majority of the test trenches suggest that the overall
fine grain material content (< #200 Sieve) is less than 5 to 10% by weight. A summary of the geotechnical data
collected is presented as Appendix A to this document.

Four boreholes were drilled in the approximate locations of the grade control structures. The goal of the
subsurface investigation was to identify materials beneath the grade control structute to detetmine their
foundation characteristics. As indicated in the geotechnical investigation report for the design of Grade Conttol
Structures (AGRA, May 16 2000), presented in Appendix A, no samples wete taken to verify the geotechnical
characteristics of the soil due to the coarse nature of the alluvium. An effort was made to estimate the density
of the material by counting the number of blows required to drive the 9-inch diameter casing used by an air
percussion drill rig. Field identification of drill cuttings was performed. This field observation indicated that
each of the structures would be founded on a dense alluvial deposit comprised primarily of sand, gravel, and
cobbles. A portion of the draft report is presented in Appendix A, as applicable to this section.

3.2 ENVIRONMENTAL ASSESSMENT

As part of the investigation phase for the Phoenix Reach of the Salt River, SCS Engineers were subcontracted
by the City of Phoenix to perform an environmental assessment of the river basin to be impacted both by the
construction of the LFC and the Habitat Restoration. The details of the Envitonmental Assessment are
presented in the reports prepared by SCS Engineers (February 19, 1999; February 29, 2000). As this DDR
applies to only the LFC, the environmental assessment report was not provided under this cover.

Through the environmental assessment, historical landfilling within the project boundaties was identified for the
Phoenix Reach. To identify the impacts to the LFC and supporting hydraulic structures, geophysical sutveys, test
pit excavations, and borings were performed as part of a second phase to the environmental assessment. The
intent of the investigation was to characterize the nature and approximate the extent of butied matetials,
determine the presence of landfill gases associated with the buried materials, and charactetize stained soil
material within the project limits of the Phoenix Reach.

Geophysical surveys were performed to identify subsurface anomalies, which would indicate potential buried
materials within the project area. Test trenches were excavated where the geophysical survey indicated the
presence of these subsurface anomalies or at suspect locations determined by the field engineer. The trenches
were excavated to identify the potential waste and the extent of cover over the material. As a result of the
survey, trenches excavated identified areas of inert and municipal waste, which may impact the petformance of
the hydraulic structures associated with the LFC. These impacts are mostly associated with the guide dike
structures adjacent to the riverbank, and portions of the trapezoidal section of the LFC. Design modifications
associated with the proximity of waste materials to the hydraulic structures for the LFC are discussed in Section
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4.0 of this report. Construction issues associated with the landfilling impacts are presented in Section 5.2 of this
repott.

3.3 CONSTRUCTION MATERIAL INVESTIGATION

The Corps of Engineers evaluated materials available within the project limits and those available from vendors
for use on structural components of the LFC. As indicated in Section 3.1 of this report, the alluvial material -
within the bank limits of the Salt River is predominantly sand and gravel with some cobbles. There is very little
fine-grained material available for use in the RCC mix design for the guide dike structures and grade control
structures. Offsite aggregate suppliers were contacted to determine the availability of fine-grained material
within reasonable proximity to the project. It was identified that the material is not readily available from
vendors and that ctushing, screening and washing of excavated soils from the LFC would provide the best and
most cost effective source to produce the granular materials for the mix design. The improvement in gradation
will supply a better more uniform material that will require less cement at a higher petformance for the RCC.

In addition to the soil materials to be used in the construction of the LFC, fly ash was considered as a substitute
to cement to reduce the overall cost of the structure. In general, it was determined that widespread availability
of fly ash in the region in contrast with the high price of cement, makes the use of fly ash as a pozzolanic
material a more efficient and cost effective alternative. The Cotps of Engineers prepared RCC mix design
studies to determine the gradation of materials to be used in the construction of the RCC structutes, the
required quantity of cement, and the appropriate percentage of fly ash. Appendix B details the evaluation of
materials for the RCC Structures.

3.4 HYDROGEOLOGIC INVESTIGATION

In conjunction with the Environmental Assessment and geological field investigations, the hydrogeological
conditions for the project site were examined. A potentiometric surface was generated for the project site based
on water levels recorded during the various field investigations. The identified surface has been presented on
the plan drawings for dewatering consideration of the contractor. The water surface, as indicated on the
construction plans, suggests that portions of the LFC and associated structure excavations will need to be

dewatered.

The quality of the ground water was evaluated for suitable use in the construction of the LFC and associated
structures. It was determined that the ground water did not meet potable water standards and was not suitable
for use with the RCC Mix design, however, the water could be used for dust control measures. It is expected
that the contractor will obtain potable water for the RCC structures from an offsite source.

3.5 SURVEYING

An aerial survey was performed for both Phases 1 and 2 of the project to develop a 1-foot contour plan for the
entire project site. The resulting topographic plan is presented on the construction drawings for both phases.
The sutvey was flown in August of 1999 and based on Corps of Engineers and City of Phoenix Sutvey

monuments.

In July 2000, the Phase II portion of the project was flown for a second time, as significant modifications to the
existing conditions of the Salt River were made. During the 1st quarter of 2000, CALMAT, through an
arrangement with the City of Phoenix, excavated approximately 295,000 cubic yards of soil material within the
limits of the LFC. The updated aerial topography was used to represent existing conditions for the plan
drawings for the Phase 2 portion of the project.
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4.0 ENGINEERING DESIGN

4.1 PROJECT SITE PLAN

4.1.1 PROJECT LIMITS

As indicated previously, the project limits for the Rio Salado, Phoenix Reach extend between the ADOT Grade
Control Structure (located 1,500 feet downstream of the I-10 Bridge) and approximately 500 feet upstream of
the 19t Avenue Bridge. The North and South limits of the project ate generally desctibed as 50 hotizontal feet
outside of the current Salt River Banks. The plan drawings for the LFC present the limits of Right of Way as
delineated by the City of Phoenix as of March, 2000.

4.1.2 REAL ESTATE IMPACTS

The City of Phoenix owns and maintains the property area described as the project limits in the previous
section. Two private sand and gravel companies cutrently operate material quatries adjacent to the Rio Salado
Project Area. One company has an abandon soil conveyor bridge that crosses the tiver at approximately River
Mile Station 212.35. The other maintains both a low water, haul road crossing and a soil conveyot-bridge, which
traverses the Salt River at approximately River Mile Station 215.10. As directed by the City of Phoenix, both
conveyor structures will be demolished. The low water crossing at River Mile Station 215.10 will be maintained
in equivalent condition for approximately 30 years at this location.

The existing low water crossing is comprised of two haul road ramps with grades not exceeding 10%. Two,
eight (8) foot diameter culverts exist beneath the north access ramp to transmit nuisance flows from an existing
ADOT side-channel discharge. It is the intent of the design to continue to convey nuisance flows from the
ADOT structure through the existing culverts. No improvements will be made to the existing culvetts;
however, a shallow channel will be constructed to more efficiently transmit nuisance flows from the ADOT
discharge to the culverts and the LFC.

A temporary construction easement located at the eastern end of University Drive has been provided to permit
access to the eastern portion of the LFC project. The easement is approximately 75 feet wide and is shown on
the plans and discussed in more detail in the following section.

4.1.3 SITE ACCESS

Contractor access to the river bottom is available at the following locations using City of Phoenix rights-of-way:

e  On the south side of the river, from the west side of the 7t Avenue. There is an existing cutb cut along
the west side of the street south of the bridge, and a gradual slope down to the tiver bottom. The
Contractor may find it necessary to construct a ramp to the tiver bottom in lieu of using the existing
bank conditions.

e  On the south side of the river, from the east side of the Central Avenue. There is an existing cutb cut
along the east side of the street south of the bridge. The Contractor will find it necessary to construct a
ramp at this location to the river bottom. There is also an existing high cleatance box culvett crossing
under Central Avenue at this location that provides access from the east side to the west side of the
bridge and the river bottom.
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e On the north side of the river, west of 16t street, there is an existing ramp, which gains access from the
crest of the Rio Salado River Bank to the River Bottom. The access has been paved with concrete and
will likely permit only pick-up truck, or similar loads.

The Contractor may elect to obtain permission on his own for the use of other access locations to the river
bottom. This would include the use of other existing ramps into the river bottom. However, the Contractor
will obtain prior written approval of the property owner for such access use and submit a copy of the approval
to the Engineer prior to use of the property and/or ramps.

Ramps to access the base of the LFC will be constructed at bridge crossing locations. Ramps will be primarily
used for periodic maintenance of channel.

4.2 PROJECT HYDROLOGY

Hydrologic conditions for the Phoenix Reach of the LFC were determined during the Feasibility Study phase of
the project. As indicated in Section 1.1 of this DDR, the proposed modifications were evaluated based on the
estimated peak flow from a 100-year discharge event. In order to maintain the existing 100-year peak flow
capacity, the Feasibility Study suggested entrenching the LFC within the rivet's bottom to mitigate the capacity
reduction induced by the restorative features. A maximum low flow discharge of 12,200 cubic feet per second
(cfs) was agreed upon by the study team as being the design target discharge, based on a step 4 release schedule
found in the Modified Roosevelt Dam Water Control Diagram. This particular discharge corresponded to
between a 50- and 100-year flow for a duration time of 30 days. However, in terms of peak flow, a discharge of
12,200 cfs cotresponds to less than a 5-year event. The 100-year peak flow for the Phoenix Reach is
approximately 166,000 cfs (U.S. Army Corps of Engineers, March, 1998).

Effect of Dam Failure at Tempe Town Lake - Given the long distance and length of time it will take to reach
the project, the flood wave from a dam failure of the Western Dam at Tempe Town Lake would be greatly
attenuated. And since the flood wave attenuates much faster than that of a2 normal flood event, its downstream
effect would not be any worse than a normal flood event of the same magnitude. It is estimated that the flood
wave from a dam failure at Tempe Town Lake would have a peak discharge of 23,800 cfs at Central Avenue.
This is approximately equivalent to a 6-year flood event. Because of the small magnitude of flow, the possible
dam failure at Tempe Town Lake will have a negligible impact upon the current project.

4.3 HYDRAULIC ANALYSIS

WEST Consultants, Inc. (WEST) were contracted by the Army Corps of Engineers to perform the hydraulic
analysis of the Salt River to include the LFC. The final report, as prepared by WEST, details the hydraulic
analysis and design of the LFC and supporting hydraulic structures. The report is entitled “Low Flow Channel
Design Analysis for Rio Salado (Salt River), Arizona. January, 2000”. A portion of this design report is provided
in Appendix C to this exhibit.

The overall design slope of the LFC is 0.0025 ft/ft. The bottom width of the channel ranges from 205 feet in
the lower reach of the project (below river mile station 215.65) to 160 feet in the upper reach. A portion of the
channel was widened to 205 feet in order to reduce the amount of scour occurring at the 16th Street Bridge
(214.79) and at the 36 inch water line crossing (214.80) just upstream of the bridge. The low flow channel has a
3H:1V vegetated side slope. Portions of the side slopes for the LFC were modified to 4H:1V to maintain
sinuosity of the channel banks. Channel bank protection, using RCC, will be provided between river mile
station 212.84 and station 213.24. Grade control structures and guide dikes are included in the channel design
and briefly discussed in the following sections.
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4.3.1 CHANNEL ALIGNMENT

The channel alignment, as presented in the WEST report, was established based on following guidelines:

e Avoid and protect major features identified by the Corps, the City and the Flood Control District (i.e.,
APS towers and 36' water line near 16th Street Bridge).

e Avoid the top of the bank from being too close to the existing outer channel banks or levees at any
given location.

e Align low flow channel to avoid bridge piers.

e Align the flow with the bridge piers.

e Minimize the change in the channel sinuosity.

For the 90% Plan submittal the channel alignment was modified from River Mile Stations 215.75 to 216.23 to
mote centrally locate the LFC GCS within this reach. The intent is to funnel braided flows upstream of the
GCS mote quickly into the LFC to limit impacts to the restoration portions of the project.

4.3.2 RIVER WATER SURFACE COMPARISON

The water surface elevations computed using Hydrologic Engineeting Centet's River Analysis System (HEC-
RAS) for the low flow channel design alternatives are equal to or lower than the existing conditions model for
the 100-year peak discharge of 166,000 cfs. In this analysis, it was assumed that vegetation damage reduces the
overbank Manning roughness coefficient value ‘n’ from 0.08 to 0.04. A sensitivity analysis shows that the
overbank ‘n’ values could be as high as 0.06 upstream of river mile station 212.84 and still produce computed
water surface elevations below those for the existing conditions. Baker proposed a Flood Insurance Study (FIS)
model that had a water surface equal to, or higher, than WEST’s model of existing conditions.

4.3.3 GRADE CONTROL STRUCTURES

Four grade control structures, constructed from RCC, are proposed for the project reach. The structures are
located at River Mile Station 216.23 (below the ADOT GCS) and 215.80 (below 24th Street) to limit the scour in
the upstream reach, at Station 214.65 to reduce scour at the 16th Street Bridge, and at River Station 213.24 to
protect bridge piers at Central Avenue. The grade control structures extend across the full width of the flood
control channel. Recommended toe-down depths (depth from finish ground surface to base of GCS) are 30
feet within the low flow channel and 16 feet in the overbank areas. The GCS at the 24t Street Bridge was
originally located at River Mile Station 215.65 in the WEST report (January, 2000). The GCS was moved
upstream to the 24t Street bridge to limit the scour potential at the bridge piers. To limit local scour as a result
of LFC excavation, a scour protection apron 4 feet thick will be constructed between the piers of the 24th Street
bridge within the outerbank limits of the LFC. The GCS at the Central Avenue Bridge was also modified to
limit local scour based on structural and scour analyses. These analyses are briefly discussed in subsequent
sections of this report. Riprap protection in the low flow channel was computed for the 10-year discharge
upstream and downstream of the structures using a gradation with maximum stone diameter of 3.5 feet and a
mean stone diameter of 2 feet.

Consideration was given to the subgrade support of the structures. As indicated previously, boreholes were
excavated in the proximity of the grade control structures. The exploration holes were constructed to verify the
subsutface conditions for each of the structures. As a result of the exploration, it is not anticipated that waste
matetials will be encountered during the excavation for these structures. However, guidance has been provided
to the contractor in the plans and specifications for the project. A discussion of waste handling procedures for
the contractor is discussed in 5.2, Debris Removal.
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4.3.4 GUIDE DIKE STRUCTURES

The selected low flow channel alternative includes 38 guide dikes at strategic locations within the overbank area.
The guide dikes will be constructed at strategic locations between the grade control structures. These multi-
purpose guide dikes will help to maintain the alignment of the low flow channel, protect the main channel bank
(outer bank) from erosion, and reduce damage in the overbank areas. The dikes will prevent the development of
secondary channels in the overbank areas. During receding flow events, the guide dikes will direct flow toward
the LFC, which will help preserve the location of the original meander geometry and horizontal orientation of
the LFC (West, January 2000).

Due to envitonmental and constructability issues, the project review team, which was composed of
representatives from the Corps, the Flood Control District of Maricopa County, and the City of Phoenix, agreed
to modify the end conditions for the guide dike structures. The 50 feet of embedment into the outer bank was
eliminated to minimize impacts to the bank, reduce extensive excavation requirements, and minimize the
likelihood of encountering buried landfill and regulated materials. Differential settlement issues wetre considered
in proximity to the existing riverbanks. Gabion mattresses will be used to further limit excavation requirements
adjacent to the banks and promote a relatively dynamic revetment system less susceptible to differential
settlement conditions.

4.3.5 BRIDGE SCOUR ANALYSES

Bridge scour analyses were conducted for the seven bridges within the project reach using the 100-year discharge
of 166,000 cubic feet per second. Contraction scour and abutment scour was estimated to be negligible at all
seven bridges. Local pier scour was computed using the Colorado State University (CSU) equation in HEC-
RAS. Long-term degradation was determined from the 25-year HEC-6T simulations using the Laursen-
Copeland sediment transport method, which results in maximum scour. The scour elevations were evaluated
against the allowable scour elevations required for structural integrity of each bridge. The following section
briefly discusses the structural analyses of the bridge structures within the Phoenix Reach of the project.

4.3.6 BRIDGE STRUCTURAL ANALYSIS

Based on the results of the scour analyses, structural analyses were performed by TY Lin on each bridge to
determine the necessity of a structural retrofit. The structural analyses determined that countermeasures would
be required at the Central Avenue Bridge and the 24t Street Bridge. The remaining bridges within the project
reach will not require structural retrofits according to the calculations performed by TY Lin and WEST

Consultants.

To limit local scour at the 24% Street Bridge and maintain it’s structural integrity, an RCC apron will be
constructed between the bridge piers from bank to bank. The grade control structure (originally 800 feet
downstream of the 24t Street Bridge) was moved upstream to tie into the scour protection apron. By reducing
the scour potential at the bridge, the stability of the structure will not be compromised during the 100-year

design flow event.

The Central Avenue Bridge will also have an RCC apron constructed between the bridge piers. A grade control
structure will be constructed immediately downstream of the Apron to limit long-term scour degradation
through the bridge piers. This apron will also extend bank to bank to limit the scour potential outside of the

LEC;:

Uplift pressures on the RCC apron and grade control structures were considered at both of these locations due
to the depth of flow during the 100-year event. According to letter reports prepared by TY Lin, the structures
will withstand uplift during the flow event without compromising their orientation or structural stability. The
letter reports are presented in Appendix D.
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4.3.7 BANK PROTECTION

The low flow channel design concept is for a channel with "soft" sides and bottom. However, RCC bank
protection is recommended for bends with a ratio of radius of curvature to channel width less than five. The
channel bend located downstream of Central Avenue meets this criterion. Therefore, RCC bank protection is
recommended along the north bank (outside of bend) of the low flow channel for a length of approximately
2,400 feet from Cross Section 213.24 downstream to Cross Section 212.84. The height of this protection (low
flow channel depth + toe down) is 25 feet.

4.4  SEDIMENT TRANSPORT ANALYSIS

A twenty-five year long-term historical flood hydrograph sediment transport simulation was used for the low
flow channel analysis. The transport results were used to 1) evaluate grade control locations, 2) determine
overexcavation depth, 3) determine annual maintenance requirements, and 4) estimate the impacts for the 25-,
50- and 100- year flood frequency events. The simulations reflect the increase in the low flow channel, bottom
width between ctross sections 214.65 and 215.65.

The sediment transport simulations confirmed the need for the four proposed grade control structures discussed
in the previous sections.

Four over-excavation scenarios (1 -foot, 2-foot, 3-foot and 4-foot over-excavation depths) wete evaluated. It
was recommended that the channel be excavated 2 feet below the design invert downstream of the proposed
grade control structure at 214.65 (16t Street). This 2-foot over-excavation scenario results in the least amount
of scour at 16th Street Bridge and has a moderate number of annual maintenance events.
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5.0 LFC CONSTRUCTION ASPECTS

In addition to the design of the LFC, construction aspects were considered. The following sections briefly
discuss construction issues considered for the LFC.

5.1 ROUGH GRADING OF LOW FLOW CHANNEL

Ptior to the preparation of the final design for the Phase 2 portion of the project, a local sand and gravel
company was permitted to rough excavate portions of the LFC. Material was removed from the channel limits
as delineated by the project team. Areas not excavated were in proximity to existing bridge structures, and
preliminary locations of grade control structures. The rough excavation limits were defined horizontally by the
base width of the channel at the given section. The side slopes of the channel were not excavated. The vertical
limits of excavation wete defined as approximately 1 foot above the design LFC invert. The topogtaphy
presented on the 90% construction plans and final construction plans represent the post excavation limits of the
work petformed by the local sand and gravel company within the channel limits.

5.2 DEBRIS REMOVAL

As indicated in the Phase 1 and Phase 2 Environmental Assessments for the Rio Salado Project. Inert materials,
construction matetials, tires, and household wastes may be encountered during the construction of the LFC and

its related structures.

Upon encounteting any waste materials the Contractor is instructed to notify the Engineer of the location of the
matetial and allow the Engineer and the City of Phoenix (COP) on-call environmental contractor full access to
the site to inspect the wastes and recommend further procedures. The Contractor must provide all information
necessary to comply with ARS 49-701 to the Engineer. Within 14 days of the removal and disposal of any solid
waste, the Contractor must, unless otherwise directed by the Engineer, provide the following information, using
the form provided in Appendix “D”.

1. A narrative desctription and map of the location where the waste materials were encountered including
station points and offsets.

2. A brief written description of the wastes and removal procedures, including the nature and approximate
quantity of the wastes removed, approximate dimensions of the excavation, a description of waste
handling, storage, and transportation practices, and a description of the disposal method and location.

3. Supporting documentation such as load receipts, manifests, etc.

All waste materials other than inert material and construction debris will be characterized by the COP, and if
necessaty segregated by a COP on-call environmental contractor. Once this has been accomplished the
Contractot, at the direction of the Engineer, may be instructed to remove and dispose of all non-hazardous
materials. This includes construction debtis, inert material, special wastes and household wastes.

The limits of removal for household wastes and special wastes for placement of RCC structures shall be 3 feet
beyond neat line limits and backfill and compact to neat line.

The limits of removal for household wastes and special wastes for LFC excavation shall be as follows:

1. Waste material located below the LFC invert shall be completely removed.
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2. Waste matetial located along the side slope of the LFC shall be overexcavated at least 10 feet
horizontally from the toe and finished face of the LFC side slope. The overexcavation will be
petformed to a slope of 6:1 through the waste accumulation. Portions of the overexcavated slopes,
which do not contain waste, can be sloped as necessary to meet existing or final grade.

3. Waste material located below the invert of the LFC, that also extends under the side slope, shall be
completely removed below the channel invert for a distance of at least 10 feet horizontally from the toe
of the final LFC side slope.

The limits of removal for inert material and construction debris shall be as follows:

1. At the LFC side slope, such material shall be overexcavated and removed to a horizontal distance of at
least 3 feet from the side slope neat line, and to a depth of at least 8 feet below the LFC channel invert.

2. For the placement of RCC structures, such material shall be removed at least 3 feet beyond neat line
limits of the structure.

In all cases where waste matetials of any type have been removed, the resulting void shall be backfilled and
compacted to the neat line.

Any waste material characterized and found to be of a hazardous nature, including asbestos-containing material,
will be disposed of by the COP on-call environmental contractor.

All tires removed during excavation activities or recovered from the ground surface shall be handled,
stored, transported, and disposed of in accordance with applicable federal, state, and local regulations.
Applicable state regulations include: Arizona Revised Statues (ARS) {§44-1301 et seq: §44-1301; §44-
1302; §44-1303; §44-1304.01; §44-1305; §44-1306; §44-1307.

5.3 CONTRACTORS EQUIPMENT AND MATERIAL YARD LOCATION

The Contractor may establish a Contractor’s Work Area (CWA) in the bottom of the Salt River for the purpose
of parking and setvicing equipment, as well as establishing a roller compacted concrete (RCC) production plant.
The Contractor undetstands that his use of the river bottom for a CWA is solely at his own risk.

1. The CWA must cover the least amount of acreage possible to accomplish the tasks required for the
production plant and servicing of equipment.

2. The Contractor will monitor on a daily basis all activities in the CWA that may result in the leakage of oils,
fluids, fuels, etc. which may contaminate soils in the river bottom, and promptly report any suspected
leaks to the Engineer.

3. The Contractor will remove or clean up to background concentrations, and in accordance with applicable
regulations test and propetly dispose of all such contaminated soils resulting from the Contractors
activities within the CWA and the river bottom on at least a biweekly basis, or more frequently at the
direction of the Engineer. The Contractor shall provide all necessary documentation to the Engineer,
including at a minimum the location, quantity, test results, and documentation of disposal of any such
contaminated soils within one month after removal. At the discretion of the Engineer, the Contractor
may be required to provide a cleanup plan for approval prior to addressing such contaminated soils.

4. The Contractor must create low diversion berms to direct surface flows away from the CWA so as to
minimize the transport of contaminated soils downstream.
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The Contractor may stockpile aggregate materials for the production of RCC in the river bottom. However the
following criteria will be applied to the stockpiles:

1. The stockpiles can be no more than 100 feet wide at the base.
2. The long axis of the stockpiles must be oriented parallel to the direction of flow in the river.

3. Any remnant materials remaining from the stockpiles after completion of the project must be completely
removed from the river bottom.

The Contractor shall obtain approval of the Engineer when using property outside the project limits of the river
to park and service equipment and store materials for use. The Contractor will obtain prior written approval of
the property owner for such use and submit a copy of the approval to the Engineer prior to use of the property.

The Contractor must provide the Owners field office construction trailer area outside of the river bottom. City
of Phoenix right-of-way is available along the West Side of Central Avenue on the south side of the river for
such field office use and as a possible site for Contractor construction trailers and general parking. This site is
out of the river bottom, is accessed from the East Side of Central, and goes under the bridge via an existing high

clearance box culvert.

5.4 HEALTH AND SAFETY

In accordance with standard operating guidelines for civil works projects, a health and safety plan has been
written for the project site. The plan addresses appropriate personal protective equipment, identified hazards
within the project limits, recommended safe operating procedures, as well as safety documentation and reporting

procedures.

5.5 DEWATERING

Based on the hydrogeological data collected for the project site, it is anticipated that dewatering of structural
excavation will be required. The water discharged from the excavation will be permitted for use as dust control
but may not be used in the construction of the RCC structures.
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6.0 OPERATIONAL CONSIDERATIONS

All project features located within the Phoenix Reach of the Salt River, including vegetation and infrastructure,
are potentially subject to damage from long periods of flood inundation and significant high flows. Annual
maintenance will be required to ensure the continued success of the project. Petiodic cleating of the low flow
channel would also be necessary to maintain the existing channel capacity. The low flow channel is designed to
contain aquatic strand/scrub habitat and not large trees.

Average Annual Vegetation Damage

Assumptions on average annual vegetation damage presented in the following paragraphs wete coordinated with
environmental specialists on the study team. Vegetation within the channel would be periodically damaged due
to flows exceeding the capacity of the low flow channel. This periodic occutrence would result in an operation
and maintenance cost. To provide a basis for estimating this cost, the average annual vegetation damage has
been estimated. It was estimated that the 100-year flood would damage about 95 percent of the vegetation in
the channel. The largest flood that would not cause appreciable vegetation damage was taken as the flood that
would first exceed the capacity of the low flow channel (typically less than a 5-year flood). The damage-
discharge relationship was assumed to be a straight line between this event and the 100-year flood. The average
annual vegetation damage was calculated by mathematically integrating the area under the established damage-
frequency curve. Table 2 shows the calculated average annual vegetation damage.

TABLE 2
Reach Average Annual Vegetation Damage
(miles) (%)
Phoenix Reach — Station 212.12 to 214.99 » 8
Phoenix Reach — Station 215.09 to 215.65 7
Phoenix Reach — Station 215.75 to 216.33 7
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7.0 CONSTRUCTION COST ESTIMATE AND SCHEDULE

71 COST ESTIMATE

Project cost estimates were prepared using the Government MCACES computer program and associated crew
rates, labor rates, and unit price book. The Corps of Engineers prepared a 100% cost estimate for the Phase 1
portion of the project. The initial estimate for this phase was approximately $12 Million. R.E. Monks submitted
the low bid for the project at $6.1 million. The cost differential was accounted for by the aggressive bidding
climate at the time of advertisement. The contractor began work in June of 2000. Montgomery Watson has
ptrepared a 90% cost estimate for the Phase 2 portion of the project. The engineet’s cost estimate has been
provided under a separate cover.

7.2 CONSTRUCTION SCHEDULE

Anticipated construction schedules for each phase of the project were developed in conjunction with the project
cost estimate. The construction of the Phase 1 portion of the project was estimated to have an overall duration
of approximately 300 days. The Phase 2 portion of the project is estimated to require approximately 330 days to
complete.
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8.0 QUALITY CONTROL PLAN AND TECHNICAL REVIEW
DOCUMENTATION

In accordance with U.S. Army Corps of Engineers Quality Management Plan (CESPD R 1110-1-8), a quality
control plan was written for each phase of the project. A copy of the quality control plan is maintained on

record by the Corps of Engineets.

Montgomery Watson * 4820 S. Mill Avenne, Suite 202 # Tempe, Arizona 85282 * (480) 755-8201
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9.0 STATEMENT OF TECHNICAL AND LEGAL REVIEW

To be provided at the conclusion of construction for Phases 1 and 2 of the project.

Montgomery Watson * 4820 S. Mill Avenue, Suite 202 * Tempe, Arizona 85282 * (480) 755-8201
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WEST Consultants, Inc.
2151 East Broadway Road
Suite 116
Tempe, Arizona 85282-1705

Submitted By:

AGRA Earth & Environmental, Inc.
3232 West Virginia Avenue
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WEST Consultants, Inc.
2151 East Broadway

Suite 116

Tempe, Arizona 85282-1705

Attention: Dennis L. Richards, P.E.

Gentlemen:

RE: GEOTECHNICAL INVESTIGATION
DESIGN OF GRADE CONTROL STRUCTURES
PHOENIX, ARIZONA

Submitted herein is our final Geotechnical Investigation Report for the grade control structures
planned for the Phoenix Rio Salado project. The report presents the results of a geotechnical
drilling program, analytical chemistry analyses of samples of groundwater collected at the four
locations investigated, general recommendations for design of the grade control structures, and
specific recommendations for the grade control structure to be located near the Central
Avenue bridge.

Should you have any questions regarding the recommendations presented in this report, please
do not hesitate in contacting the undersigned.

Respectfully submitted,

AGRA Earth & Environmental, Inc.
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1

Lawrence A. Hansen, Ph.D., P.E.\‘_
Senior Vice President *

c: Addressee (1)
U.S. Army Corps of Engineers, LAD
Attn: CESPL-ED-DB(13012, Desai) (8)
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1.0 INTRODUCTION

This report is submitted pursuant to a geotechnical investigation performed by AGRA Earth &
Environmental, Inc. (AGRA) of the planned locations of four grade control structures for the
Phoenix Rio Salado project. The report presents the results of a geotechnical drilling program,
analytical chemistry analyses of samples of groundwater collected at the locations of the grade
control structures, general geotechnical recommendations for design of the grade control
structures, and the results of specific geotechnical analyses for the grade control structure to
be located near Central Avenue.

2.0 PROJECT DESCRIPTION

Details of the project were provided by Dennis L. Richards, P.E. of WEST Consultants, Inc. and
in the scope of work developed by the U.S. Army Corps of Engineers (USACOE) for Task Order
No. 0010 of Contract No. DACWO09-97-D-0022. It is the understanding of AGRA that a low
flow channel will be constructed withing the Salt River between about 7 Avenue to the west
and the Interstate 10 (I-10) bridge to the east. Grade control structures will be constructed
near the Central Avenue bridge and at river miles 214.65, 215.56 and 216.23. Construction
plans (90 percent submittal) for the Central Avenue grade control structure were reviewed as
part of the project.

3.0 INVESTIGATION
3.1 HEALTH & SAFETY PLAN

The project site generally is located within an area potentially impacted by adjacent facilities,
possibly resulting in contamination of the soils and groundwater. Specific facilities that may
have impacted the site include the old Del Rio Landfill located on the south side of the Salt
River between 7" and 16™ Streets, the Estes Landfill located upstream of the 1-10 bridge and
the south side of the Salt River, and the Motorola NPL site which includes Sky Harbor
International Airport. Since the groundwater in the areas investigated may have been
contaminated, AGRA maintained the site-specific health and safety plan prepared by the City
of Phoenix. Ambient air quality monitoring was performed during the drilling operations.

3.2 EXPLORATION FOR GRADE CONTROL STRUCTURES

AGRA's field geologist was on-site between March 13, 2000 and March 15, 2000 to conduct
field activities including ambient air quality monitoring, logging of borings and groundwater
sampling. Subsurface borings were located 2,170 feet east of the upstream face of the 24"
Street bridge on the north side of the channel (Boring B-1), 800 feet west of the downstream
face of the 24™ Street bridge in the center of the channel (Boring B-2), 650 feet west of the

# AGRA
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downstream face of the 16™ Street bridge in the center of the channel (Boring B-3), and 150
feet west of the downstream face of the Central Avenue bridge in the center of the channel
(Boring B-4). Boring locations are shown on the site plan included in Appendix A.

AGRA subcontracted an AP-1000 drill rig and auxiliary vehicles from Layne Christensen
Company to complete the borings at the locations specified to a depth of 55 feet below
existing subgrade. No water or drilling mud was added to the borings. The drill pipe was
steam cleaned between borings to prevent cross-contamination. The borings were
continuously logged in the field in accordance with the Unified Soil Classification System
(USCS) ASTM D2488. The sediments in the Salt River consisted primarily of sand, gravel and
cobbles. Because of the very coarse nature of the alluvium, soil samples were not collected.
However, the effort required to advance the 9-inch diameter casing, as indicated by the
number of blows per foot, was continuously recorded. The logs of the borings are provided
in Appendix A, along with a brief description of drilling equipment and procedures, and a
summary of the Unified Classification System.

As a precaution, drill cuttings from depths at or below the water table were containerized in
55-gallon drums because of potential soil contamination. These drums were placed in a secure
location provided by the City of Phoenix at 7" Avenue and the Rio Salado until arrangements
can be made for proper disposal pending laboratory analysis. The four borings were
abandoned by backfilling with cement grout in accordance with Arizona Department of Water
Quality standards.

Ambient air quality monitoring was conducted during the exploration program using a PID
meter. Meter readings and the time of day when they were recorded are listed on the boring
logs in Appendix A. Meter readings typically were less than 0.5, with a maximum reading of
1.1 recorded at the location of Boring B-3.

3.3 GROUNDWATER SAMPLING & TESTING

Groundwater samples were obtained for water quality testing during the geotechnical
investigation. Groundwater sampling was not performed with the intent to fully characterize
water quality; however, the geotechnical investigation provided an opportunity to obtain
limited information regarding the potential impact to water quality from facilities and landfills
located adjacent to the Salt River which are known or suspected to have contaminated
groundwater. Water quality sampling would address the risk posed by potentially contaminated
groundwater to the health of workers completing the Rio Salado Project.

Installation of monitor wells with perforated casing in the groundwater interval was not part
of the scope of work. Groundwater was not purged from the boreholes because the drill
casing was not perforated and purging would not have efficiently or effectively drawn
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formation water into the borehole to be sampled. In addition, purging each 9-inch diameter
boring would have generated a significant volume of water, which would have required
containerizing pending the results of the water quality analysis. If this water had been
contaminated, it would have required proper disposal.

Grab samples were collected from the open drill casing of the AP-1000 drill rig, as depicted
in the diagram in Appendix A. The water level was allowed to stabilize for at least thirty
minutes prior to sampling. Each well was sampled using a new disposable bailer. Upon
retrieval of the bailer, the groundwater was transferred to laboratory prepared containers,
labeled, stored and handled in accordance with AGRA standard sampling protocol, which has
been prepared in accordance with guidelines specified by the Arizona Department of
Environmental Quality (ADEQ).

The samples were submitted to the AGRA laboratory in Portland, Oregon, a State of Arizona
certified laboratory. The laboratory testing program completed by AGRA included analyses for
volatile organic compounds (VOCs) by EPA Method 8260B; for semi-volatile organic
compounds (SVOCs) by EPA Method 8270C; for polychlorinated biphenyls (PCBs) by EPA
Method 8082; and for pesticides by EPA Method 8081A.

Samples also were submitted by AGRA to SVL Analytical, Inc. (SVL) in Kellogg, Idaho, a State
of Arizona certified laboratory. The laboratory testing program completed by SVL included a
target analyte list (TAL) of metals (23 metals) by EPA Method 6010B; hardness as calcium
chloride by EPA Method 200.7; sulfate, sulfides, nitrates, nitrites and chlorides by EPA Method
300.0; and total dissolved solids, pH, sulfides and calcium carbonate by EPA 100-series
methods.

Although groundwater samples were handled in general accordance with ADEQ protocol,
samples were not collected under conditions which would provide a representative
groundwater sample. As discussed above, collecting a representative groundwater sample
would have required the installation of a groundwater well with screened casing in the
saturated interval, and purging the well of three casing volumes prior to sample collection.
Recent precipitation resulted in flowing water in the river channel prior to the geotechnical
investigation and water quality sampling. There likely is some recharge of surface water to
groundwater through the coarse alluvial material in the river channel. AGRA is of the opinion
that the presence of surface flow may cause the local groundwater conditions to vary from
times when surface flow is not present.

Since the drilling method uses air injected into the formation and because friction heats the
casing, the concentration of VOCs and SVOCs in the groundwater may have been altered by
sampling directly from the drill casing. However, AGRA is of the opinion that high
concentrations of VOCs or SVOCs, or the presence of free product, would have been detected
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with the sampling method which was used. PCBs, pesticides, and total and dissolved metals
concentrations likely were unaffected by the sampling method.

Detailed summaries of the laboratory analyses, including copies of chain of custody forms and
laboratory sample receipt documentation forms, are presented in Appendix B. Level Il Quality
Assurance/Quality Control (QA/QC) procedures were performed by the analytical laboratories.
The standard QA/QC data package is included in Appendix B. The remainder of the Level llI
QA/QC documentation is maintained in AGRA’s project files.

4.0 DISCUSSION & SUMMARY

Based on the exploratory investigation, deposits of sand, gravel and cobbles were encountered
to the full depths of the borings at the four locations planned for the grade control structures.
Penetration resistance values typically varied from about 35 to 85. As indicated by these
values, lenses and thin layers containing more sand and less gravel and cobbles were
encountered at various depths throughout the borings. No significant or extensive
predominately sand deposits are indicated by the penetration resistance profiles. Typically,
the deposits contain less than about 5 to 10 percent silt and clay, based on AGRA’s previous
experience. Groundwater was encountered at depths varying from about 29 feet (Boring B-3)
to between about 37 to 38 feet (Borings B-1, B-2 and B-4).

A summary of the analytical results is presented in Table 1. No VOCs, SVOCs, PCBs, or
pesticides were detected at concentrations above their respective laboratory method reporting
limits. Total dissolved solids concentrations varied from 410 to 665 milligrams per liter (mg/L),
sulfate concentrations varied from 57.0 to 98.9 mg/L, and chlorides concentrations varied
from 103 to 220 mg/L. Total concentrations of most metals were near or below their
respective laboratory method reporting limits. However, total concentrations of sodium varied
from 82.6 to 135 mg/L, total concentrations of magnesium varied from 21.1 to 53.2 mg/L,
and total concentrations of calcium varied from 53.5 to 80.5 mg/L. Dissolved concentrations
of these metals were of a similar order of magnitude. Total concentrations of aluminum varied
from 5.5 to 103 mg/L, but the dissolved concentrations of this metal were either less than or
only slightly above the detection limits.

5.0 ANALYSIS & RECOMMENDATIONS

Generally, roller compacted concrete structures are planned for the proposed low flow control
facilities. The structures will include upstream aprons, bank and overbank protection dikes,
channel weirs and channel grade control structures. The loads imposed by these structures are
expected to be relatively low and spread over large areas. The maximum loads likely will be
imposed by the channel weir structures. Allowable bearing pressures on the order of 10,000
to 12,000 pounds per square foot (psf) typically are assigned for design of isolated spread
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footings bearing on the sand, gravel and cobbles in order to limit settlements to acceptable
values. For the general types of structures planned, neither bearing capacity nor settlement
considerations will control the design.

The potential for uplift or flotation due to buoyant forces, and for sliding due to unbalanced
lateral forces, however, are primary design considerations. AGRA completed evaluations of the
stability of the grade control structure and apron to be located downstream of the Central
Avenue bridge. These analyses were detailed in Letter No. 1 dated February 15, 2000 and
Letter No. 2 dated March 3, 2000. These letter reports are included in Appendix C of this
report. The analyses generally were completed in accordance with USACOE guidance
manuals™.

As presented in Letter No. 2, the combined weight of the channel weir and the channel grade
control elements, assuming no redeposition of granular materials following a flow event, is
about equal to the buoyant force acting on these elements, resulting in a factor of safety near
unity. If the flow event results in redeposition of 50 percent of the granular fill, the factor of
safety against buoyancy is increased to 1.52 and the factor of safety against sliding is 1.65.
If the upstream apron and connecting bank control elements are included in the overall
structure, but again assuming no redeposition of granular materials, the factors of safety
against buoyancy and sliding are 1.39 and 1.82, respectively.

Based on the analyses completed, it is concluded the structure will remain stable relative to
sliding and buoyancy considerations for the case where the flood waters have receded to a
level coincident with the top of the upstream apron. This case reflects the most extreme
buoyant condition that can exist. Because of the distribution of forces acting on the various
parts of the grade control structure, moments and shear forces would need to resisted by the
roller compacted concrete, particularly at the connection between the channel grade control
structure and the weir, and the connections between the channel grade control structure and
the bank control elements. This analysis is not part of the scope of work reported herein.

*U.S. Army Corps of Engineers, Flotation Stability Criteria for Concrete Hydraulic Structures,
ETL 1110-2-307, 20 August 1987.

U.S. Army Corps of Engineers, Sliding Stability for Concrete Structures, ETL 1110-2-256, 24
June 1981.
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SUMMARY OF GROUNDWATER SAMPLE ANALYTICAL TEST RESULTS
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ANALYSIS CONSTITUENT. SAMPLE NA‘MEY :
' . lBpiaw B-2-GW _ lp3cw
EPA 130.2 CaCO03 (mg/L) <1.0 <1.0 <1.0 <1.0
EPA 160.1 TDS (mg/L) 665 549 410 504
EPA 200.7 Hardness 284 420 288 220
EPA 180.1 Sulfide <0.5 <0.5 <0.5 <0.5
EPA 150.1 pH 7.79 7.78 7.71 8.00
EPA 300.0 Sulfate (mg/L) 93.2° 949 57.0 98.9
Sulfides <0.5 <0.5 <0.5 <0.5
Nitrates (mg/L) 2.6 2.66 1.48 <0.05
Nitrites <0.25 <0.25 <0.5 <0.1
Chlorides (mg/L) | 220 176 103 105
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TABLE 1 (CONT.)
SUMMARY OF GROUNDWATER SAMPLE ANALYTICAL TEST RESULTS

ANALYSIS CONSTITUENT : SAMPLE NAME ‘ g e ,
. ' BI-GW = |B2GW = |B3GW = lpacw
Total Dissolved Total Dissolved Total Dissolved | Total Dissolved
Total Metals Aluminum 5.5 <0.024 103 0.049 66.9 0.048 24.6 <0.024
(mg/L) Antimony <0.032 <0.032 <0.032 <0.032 <0.032 0.034 0.033 <0.032
Arsenic <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
Barium 0.156 0.101 0.842 0.063 0.959 0.080 0.248 0.069
Beryllium <0.002 <0.002 0.003 <0.002 0.002 <0.002 <0.002 <0.002
Cadmium <0.0024 <0.0024 0.0025 <0.0024 <0.0024 | <0.0024 <0.0024 | <0.0024
Calcium 67.5 71.8 80.5 57.7 56.9 40.4 53.5 47 .4
Chromium . 0.007 <0.005 0.129 <0.005 0.091 <0.005 0.037 <0.005
Cobalt <0.005 <0.005 0.056 0.006 0.050 <0.005 0.012 <0.005
Copper 0.019 <0.003 0.283 <0.003 0.280 0.007 0.074 0.005
Iron 10.1 <0.02 75.8 0.04 50.0 0.02 25.5 0.02
Lead <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
Magnesium 28.1 30.1 53.1 24.0 35.4 15.7 21.1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>