
~
~

< US ARMY CORPS
OF ENGINEERS
Los Angeles District
South Pacmc Division

Property of
Flood Control District of MC Library

Please Return to
01 W. Durango

Phoenix, AZ. 850 9

RIO SALADO
SALT RIVER, ARIZONA

FEASIBILITY REPORT

Technical Appendices

A 24.915
April 1998

72



• RIO SALADO FEASIBILITY REPORT
TECHNICAL DOCUMENTATION APPENDICES

A. HYDROLOGY

B. HYDRAULICS

C. ECONOMICS

D. HABITAT EYALUATION

E. REAL ESTATE

F. GEOTECHNICAL

G. DESIGN & COST

• H. WATER SUPPLY ANALYSIS & COST

1. RECREATION

•



•

•

•

RIO SALADO, SALT RIVER, ARIZONA

APPENDIX A
HYDROLOGY

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

SOUTH PACIFIC DIVISION
APRIL 1998



•

•

•

TABLE OF CONTENTS

I. INTRODUCTION 1
1.1 ORGANIZATION OF THE HYDROLOGY APPENDIX 1
1.2 SALT RIVER DRAINAGE AREA 2
1.3 STUDY AREA 3
1.4 STUDY ALTERNATIVES 4

II. SURFACE WATER HYDROLOGY OF THE SALT RIVER MAINSTEM .. 10
2.1 DISCHARGE FREQUENCY ANALYSIS 10
2.2 INUNDATION DURATION FREQUENCY ANALYSIS 10
2.3 LOW FLOW CHANNEL HYDROLOGY 10

2.3.1 Inundation-Duration-Frequency 10
2.4 LOW FLOW CHANNEL OPEN WATER HYDROLOGIC DESIGN 11

2.4.1 General 11
2.4.2 Perennial Stream Characteristics : 12

2.4.2.1 Channel Geometry 12
2.4.2.1.1 CROSS-SECTION DIMENSIONS 12
2.4.2.1.2 SINUOSITY 13

2.4.2.2 Channel Losses 13
2.4.2.2.1 INFll-1RATION 13
2.4.2.2.2 EVAPOTRANSPIRATION 14

2.4.3 Open Water Concept Characteristics 15
2.4.3.1 Geometry 15
2.4.3.2 Losses 15
2.4.3.3 Operation 16

2.4.3.3.1 START-UP CONDITIONS 16
2.4.3.3.2 STEADY-STATE CONDmONS 17

III. SURFACE WATER HYDROLOGY OF SIDE DRAINS 27
3.1 GENERAL 27
3.2 INDIAN BEND WASH, OLD CROSS CUT CANAL, AND TEMPE DRAIN 27

3.2.1 Indian Bend Wash (IBW) 27
3.2.2 Old Cross Cut Canal 28
3.2.3 Tempe Drainage District NO.2 Ditch (48th Street Drain) 28

111



TABLE OF CONTENTS (continued)

3.3 LOCAL 29
3.3.1 General 29
3.3.2 Peak Discharges 31

3.3.2.1 Rainfall-runoffParameters 31
3.3.2.2 Guide to Development ofN-year Discharges 32
3.3.2.3 Subarea Characteristics 33
3.3.2.4 Results 34

3.3.3 Volumes 34
3.3.3.1 N-year 24-hour Runoff Volume 34
3.3.3.2 Average Annual Runoff Volume 34

3.3.3.2.1 ANNuAL MAxIMuM RUNOFF 34
3.3.3.2.2 ·ANNuALPARTIALDURATIONRUNOFF 34

•

IV. WATER QUALITY ANALYSIS 65
4.1 WATER QUALITY CRITERIA 65
4.2 SURFACE WATER QUALITY 66 •

4.2.1 Salt River 66
4.2.2 Urban Storm Runoff 67

4.2.2.1 Phoenix Area 67
4.2.2.1 Tempe Area. . 67

4.2.3 Reclaimed Water 67
4.2.3.1 Phoenix Area 67
4.2.3.2 Tempe Area 68

4.3 GROUNDWATER QUALITY 69
4.3.1 Inorganic Chemical Constituents _ 69
4.3.2 Trace Organics 69

V. WATER SOURCES ANALYSIS 85
5.1 GROUNDWATER 85

5.1.1 General Groundwater Condition 85
5.1.2 Water Quality 86
5.1.3 Availability 86

5.2 URBAN STORM RUNOFF / RUNOFF FROM SIDE DRAINS 87
5.2.1 General Discussion 87
5.2.2 Water Quality _ 88
5.2.3 Availability 88

IV •



•

•

•

TABLE OF CONTENTS (continued)

5.3 SALT RIVER FLOOD WATERS 88
5.3.1 General Consideration 88
5.3.2 Water Quality 89
5.3.3 Availability 89

5.4 SALT RIVER PROJECT WATER 89
5.4.1 General Description of the Salt River Project System 89
5.4.2 Water Quality 90
5.4.3 Availability 90

5.5 EXCESS FLOWS FROM 23RD AVENUE WASTEWATER TREATMENT PLANT
............................................................ 91

5.5.1. General Consideration 91
5.5.2 Water Quality 91
5.5.3 Availability 91

VI. WATER BUDGET ANALYSIS FOR WETLAND RESTORATION 92
6.1 TRES RIOS DEMONSTRATION CONSTRUCTED WETLANDS 92
6.2 TRANSPIRATION - PLANT CONSUMPTION RATES 93
6.3 GENERALIZED WATER BUDGET ESTIMATES FOR WETLANDS 94
6.4 PROJECT ALTERNATIVES 95

6.4. 1Phoenix Reach 95
6.4.2 Tempe Reach 96

6.5 WATER BUDGET ANALYSIS FOR THE PROJECT ALTERNATIVES 98

VII. HYDROGEOLOGY AND CONCEPTUAL MODEL 110
7.1 HYDROGEOLOGIC SETTING 110
7.2 HYDROLOGIC SYSTEM III

7.2.1 Predevelopment Hydrologic System III
7.2.2 Groundwater Flow III
7.2.3 Stream Recharge III
7.2.4 Mountain Front Discharge III
7.2.5 Evapotranspiration III
7.2.6 Modem Hydrologic System 112
7.2.7 Static Groundwater-Level Conditions 112
7.2.8 Groundwater-Level Changes 113

7.3 CURRENT GROUNDWATER CONDITION IN TEMPE AREA 113
7.4 CURRENT GROUNDWATER CONDITION IN PHOENIX AREA 114

v



TABLE OF CONTENTS (continued)

VIII. DEVELOPMENT OF A GROUNDWATER FLOW MODEL 119
8.1 MODEL SELECTION 119
8.2 MODEL GRID 119
8.3 MODEL LAYER AND AQUIFER CONDITIONS 119
8.4 BOUNDARY CONDITIONS 119
8.5 VERTICAL LEAKANCE 120
8.6 WATER LEVELS 120
8.7 AQUIFER PARAMETERS 120
8.8 GROUNDWATER PUMPING 121
8.9 STEADY-STATE MODEL CALffiRATION 121

IX. MODEL SIMULATION RESULTS 126
9.1 DESCRIPTION OF PROJECT ALTERNATIVEP9 126
9.2 DESCRIPTION OF PROJECT ALTERNATIVE P10 - PROPOSED ACTION .. 126
9.3 WATER SUPPLY WELLS 127
9.4 MODEL SIMULATION RESULTS 127
9.5 SUMMARY AND CONCLUSIONS 128

List of Tables

1-1. Side Drain Information - Tempe Reach
1-2. Side Drain Information - Phoenix Reach
2-1. Discharge Frequency Values for the Salt River
2-2. Inundation-duration-frequency: Salt River near the Phoenix Reach
2-3. Inundation-duration-frequency: Salt River Low-flow Channel near the Phoenix Reach
2-4. Rio Salado 5 Mi. Perennial Stream - Well Location/Capacity to Sustain 10 ft?/s
2-5. Rio Salado 5 Mi. Perennial Stream - Estimated Losses
2-6. Rio Salado 2.5 Mi. Open Water Concept - Estimated Water Supply Requirements and

Losses
3-1. Summary of Selected Rainfall Runoff Information for Phoenix Side Drains

VI

•

•

•



•

•

•

TABLE OF CONTENTS (continued)

List of Tables (continued)

3-2. Summary of Selected Rainfall Runoff Information for Phoenix Side Drains - Salt
River Tributary 2

3-3. Point Precipitation-duration-frequency Values for Phoenix Vicinity
3-4. Peak Discharge-frequency Values for 8-drain Sample
3-5a. Peak Discharge-frequency Values for Side Drains - Tempe Reach
3-5b. Peak Discharge-frequency Values for Side Drains - Phoenix Reach
3-6. Twenty-four-hour Average Discharge-frequency Values for 8-drain Sample
3-7a.Twenty-four Hour Volume-frequency and Average Annual Runoff Volumes for Side

Drains - Tempe Reach
3-7b.Twenty-four Hour Volume-frequency and Average Annual Runoff Volumes for Side

Drains - Phoenix Reach
3-8. Maximum 24-hour Runoff Volume Determination
3-9. Determination of Average Annual Runoff Volumes from Annual Maximum Rainfall-

runoff Simulation - Side Drains to Salt River, Phoenix Vicinity
3-10. Estimation ofAnnual Precipitation Contributing to Side Drain Runoff
3-11. Twenty-four-hour Average Partial Duration Values for 8-drain Sample
3-12. Annual Average Partial Duration Runoff for 8-drain Sample
4-1. Designated Uses ofWaterways Within the Rio Salado Study Area
4-2. Numeric Water Quality Criteria (ADEQ) - Selected Parameters
4-3. Salt River Water Quality Data
4-4. Summary Statistic for Usgs Investigation of Storm Water Quality - Maricopa County
4-5. Average Annual Estimated Pollutant Concentrations, Tempe Urban Watersheds
4-6. Discharge Monitoring Report Summary for May - July 1994
4-7. Public Health Significance of Chlorides, TDS, and Nitrates
4-8. Significance of Chlorides, IDS, and Nitrates in Irrigation Water
4-9. WQARF and Superfund Sites
4-10. Active Landfills, Vicinity ofRio Salado Study Area
4-11. Closed Solid Waste Landfills, Vicinity ofRio Salado Study Area
6-1. Water Budget for Tres Rios Wetlands
6-2. Transpiration Rate for Riparian Habitat
6-3. Water Budget Estimation
6-4. Water Budget Estimates, with Soil Liner
6-5. Water Budget Estimates, with Synthetic Liner
7-1. Estimated Predevelopment Groundwater Budget for SRV
8-1. Roosevelt Irrigation District Monthly Pumping Records for the Year 1996
8-2. Steady State Model Calibration Results

Vll



TABLE OF CONTENTS (continued)

List of Figures •
1-1. Location Map
2-1. N-year Exceedance Discharge versus Duration Curves, Salt River below Granite

Reef
2-2. Rio Salado Perennial Stream Concept
3-1. N-year Peak Discharge versus Drainage Area Curves - Side Drains to Salt River
3-2. Side Drain Capacity Curves - Side Drains to Salt River
3-3. N-year I-day Discharge versus Drainage Area Curves - Side Drains to Salt River
3-4. 24-hour Volume Frequency Curves - Side Drains to Salt River

a. Drainage Area = 0.02 sq.mi.
b. Drainage Area = 0.10 sq.mi.
c. Drainage Area = 1.00 sq.mi.
d. Drainage Area = 10.0 sq.mi.
e. Drainage Area = 100. sq.mi.

3-5. Daily Rainfall Exceedance Depths versus Occurrences and Annual Total
3-6. Average Annual Runoffversus Drainage Area Size, Partial Duration Results
3-7. Average Annual Runoff versus Drainage Area Size, Combination ofPartial Duration and

Annual Maximum
7-1 Alluvial Groundwater Basins of Salt River Valley •
7-2 Salt River Valley Generalized Groundwater Cross-section
7-3 Well Hydrographs in Tempe Area
7-4 Well Hydrographs in Phoenix Area
8-1 Groundwater Model Model Grid and Study Area
8-2 Simulated Groundwater Elev. Steady State Calibration - 1996
9-1 Simulated Groundwater Elev. Alternative P9
9-2 Head Difference Between P9 & Steady State - 1996
9-3 Simulated Groundwater Elev. Proposed Action PI 0
9-4 Head Difference Between PI 0 & Steady State - 1996

List of Plates

1-1 Drainage Area Map - Salt River
3-1 Drainage Area of Storm Drains to Indian Bend Wash and Salt River in vicinity of Tempe

Cienega
3-2 Drainage Area of Storm Drains to Salt River, Vicinity ofRio de Vida, Phoenix, AZ.

Vlll •



•

•

•

I. INTRODUCTION

As directed by Congress, the Corps of Engineers undertook the Rio Salado, Salt River, Arizona,
Feasibility Study. The purpose of the Feasibility Phase is to conduct necessary studies to determine
the feasibility of restoring riparian habitat along the Salt River at Rio Salado. This Hydrology
Appendix presents the findings from the hydrology sub-task of the feasibility study. Within this
Chapter is a description of the upstream drainage area of the Salt River, as well as the study area,
study alternatives, and the organization of this report.

1.1 ORGANIZATION OF THE HYDROLOGY APPENDIX

This report is organized into nine Chapters. Chapter 1 introduces the study area, study alternatives,
and organization of the Hydrology Appendix. Chapters 2 and 3 discuss surface water hydrology.
Chapters 4, 5, and 6 deal with water supply issues. Chapters 7, 8, and 9 present groundwater
analysis.

Chapter 2 presents hydrology ofthe mainstem Salt River, including discharge frequency analysis and
quantification ofthe duration and frequency ofinundation resulting from upstream spills over Granite
ReefDiversion Darn. This Chapter also contains additional hydrologic analysis to support the design
and construction ofa low-flow channel within the mainstem Salt River channel through the Phoenix
Reach. Topics include an estimate of the duration and frequency of inundation of the low-flow
channel itself, as well as a conceptual description ofthe location and capacity of sources to create and
sustain a perennial stream within the low-flow channel. In addition, the original 5 mi. perennial
stream concept has been modified to a 1.5 rni, segmented perennial stream, connecting a series of4
shallow lakes with a total surface area of about 9 acres, and a depth of about 3 feet. Chapter 3
presents an evaluation ofrunofffrom major side drains to the Salt River in the Study Area. Volume
Frequency analysis ofloca1 storm drains to the Salt River and Indian Bend Wash in the vicinity of the
Tempe reach of the Rio Salado (formerly referred to as the Tempe Cienega), and to the Salt River
along the Phoenix Reach of the Rio Salado (formerly referred to as the Rio de Vida) is included in
Chapter 3, along with an estimation of average annual runoff from these local storm drains.

Chapter 4 presents Water Quality Analysis which includes water quality criteria, surface water quality,
and groundwater quality. Chapter 5 presents the Water Sources Analysis. In this chapter, Salt River
flood water, urban storm runoff, Salt River Project water, and groundwater were evaluated as the
potential sources. The water budget analysis for wetland restoration is presented in Chapter 6.
Topics discussed in this chapter include the water budget for the Tres Rios demonstration wetlands,
plant consumption rates from published papers, generalized water budget estimates for wetlands,
proposed action and project alternatives, along with water budget analysis for these alternatives.

Chapter 7 presents hydrogeology and a conceptual model, including hydrogeologic setting,
hydrologic system, current groundwater condition in Tempe area, and current groundwater condition
in Phoenix area. This Chapter provides a basis for the development of the groundwater flow model.
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Chapter 8 presents the development ofa groundwater flow model. In this Chapter, model grid, layer, •
boundary conditions, and other characteristics were discussed; a steady-state model calibration was
also included. With the calibrated model, the Proposed Action and the Project Alternative P9 were
simulated to study the effect on groundwater conditions. Chapter 9 presents the model simulation
results.

1.2 SALT RIVER DRAINAGE AREA

The Salt River is the largest tributary of the Gila River and drains a total area of approximately
13,700 sq.mi. within the northern and eastern portions of the State of Arizona. A map of the Salt
River and tributaries is shown on Plate 1-1 (this appendix). The Salt River originates on the eastern
portion of the Mogollon Plateau, in the White Mountains, with peaks as high as 11,590 feet (Baldy
Peak). Formed by the confluence of two westward flowing streams, the White and Black rivers, the
Salt River drains directly into Modified Theodore Roosevelt Lake where it is joined by Tonto Creek.
The drainage area controlled by Modified Theodore Roosevelt Dam, which forms the lake, is
approximately 5,800 sq. mi. The Salt River Project (SRP) operates four dams on the Salt River
upstream ofthe Verde River confluence, including Modified Theodore Roosevelt Dam. Water stored
is allocated for hydropower, municipal and industrial supply, as well as agriculture. In addition, the
modifications to Theodore Roosevelt Dam include an allocation for flood control. The total space
for water supply storage behind these dams is approximately 1.9 million ac-ft, with an additional 0.56
million ac-ft for flood control.

The Verde River flows south from the Chino Valley, and joins the Salt River upstream ofthe cities
of Mesa, Tempe, and Phoenix. The Verde drains approximately 6700 sq.mi. and is partially
controlled by two water supply structures operated by the SRP. Horseshoe Dam (the most upstream
structure) and Bartlett Dam (approximately 25 mi. upstream ofthe confluence with the Salt River)
provide an additional water supply space of approximately 310,000 ac-ft. The Verde River is the
principal tributary of the Salt River. Sycamore Creek (which drains 164 sq.mi) enters the Verde
River dQwnstream ofBartlett Dam, and is thus the largest uncontrolled tributary of the Verde River
and Salt River.

Granite Reef Diversion Dam is located about 3 mi. downstream of the Salt-Verde confluence, and
is the most downstream SRP dam. The purpose ofthis facility is to divert upstream reservoir releases
into the Arizona Canal (for the area north of the Salt River), and the South Canal (for the area south
of the Salt River). Only during periods of high flows does water pass over the dam and continue
down the Salt River. Studies conducted during the recent hydrologic investigation to develop a water
control plan for Modified Theodore Roosevelt l indicated that since 1889 there would have been 34

1 SECTION 7 STUDY FOR MODIFIED ROOSEVELT DAM, ARIZONA (MODIFIED THEODORE
ROOSEVELT DAM), HYDROLOGIC EVALUATION OF WATER CONTROL PLANS, SALT RIVER PROJECT
TO GILA RIVER AT GILLESPIE DAM , U.S. ARMY CORPS OF ENGINEERS, LOS ANGELES DISTRICT,
MARCH. Simulations of the historic period from 1889-1993 were perfonned within the Section 7 Study as if the
current SRP system were in place and operated according as it is today. The results of that simulation determined the
magnitude and frequency of"spills" over Granite ReefDam. The term "spills" denotes occasions when water released
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years (out of 105) during which water would have spilled over Granite ReefDiversion Dam, if the
. current configuration, including Modified Theodore Roosevelt Dam, would have been in place. The
resulting frequency of spills is approximately once every 3 years, on the average. During most years
there is little runoff in the river below Granite Reef Diversion Dam. When water is spilled over
Granite Reef Diversion Dam, the flow is typically sustained for several days or more, and of
'significant magnitude. For example, the "median" simulated spill, had a peak discharge of28,000
fe/s, a 5-day average flow rate of 15,000 fe/s, and a lO-day average flow rate of 10,000 fl?/s.

1.3 STUDY AREA

Plates 4-1 through 4-5 are strip maps ofthe Salt River, extendingfrom the downstream end ofthe
Phoenix Reach near 19th Avenue to the upstream end of Tempe Reach. These maps display
information on 100-year overflow boundaries, stationing, well locations, and side drain locations
(including stationing and local identification numbers) for existing conditions. These plates are
locatedwithin the main report and will be referred to throughout this appendix when information
from these plates is important to the reader's understanding.

The study area consists of approximately twenty-eight miles of the Salt River from the eastern
boundary ofTempe, at McClintock Road, through the City ofPhoenix, to the confluence ofthe Salt,
Gila and Agua Fria Rivers in Maricopa County, Arizona. A location map, including the study area
is shown in Figure 1-1. Along the periphery of the fourteen mile reach of the Salt River from the
MesalTempe boundary to 40th Avenue in Phoenix the area is now highly urbanized. The next eight
miles consist ofagricultural and residential areas, interspersed with occasional industrial development.
The remaining six miles is largely undeveloped. In the pre-settlement times, prior to 1900, the river
was one ofthe few perennially-watered riparian areas of the Sonoran desert, with highly-productive
cottonwood, willow and mesquite habitats. These areas were rich in habitat diversity, supporting a
wide variety of wildlife species. As the lower Salt River valley became developed, riparian habitat
has degraded significantly. Degradation is largely attributable to the construction of upstream Federal
dams which curtailed year-round water flows and converted the once perennial Salt River into a dry
river bed devoid ofhabitat. During the 1980's a Corps ofEngineers flood control project at Indian
Bend Wash displaced the last remnant of a mesquite bosque community that once occupied the
regIOn.

The study area includes the proposed Tempe Reach, a wetland restoration project in the Salt River
approximately 350 feet upstream of the Indian Bend Wash, and a constructed wetland and mesquite
bosque habitat in Indian Bend Wash within the City of Tempe (Figure 1-1 shows the location and
extent of the Tempe Reach and Plate SA provides more detailed information in this vicinity).

In addition, the study area contains the Phoenix Reach, a wetland restoration project within the Salt
River channel extending from the 1-10 bridge spanning the Salt River to the 19th Avenue bridge (refer
to Figure 1-1 for location and Plates 4-1 through 4-4 for more detailed information).

from the upstream SRP dams is wasted over Granite ReefDam. For further details see the referenced report.
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Several significant side drainage features deliver surface runoffto the Salt River within the study area, •
along with a network of local storm drains. The significant side drains for which a hydrologic
evaluation was made in this study include Indian Bend Wash, the Old Cross Cut Canal, and the
Tempe Drain (Tempe Drainage District No.2 Ditch) or 48th Street Drain. The confluences ofboth
Indian Bend Wash and the Tempe Drain with the Salt River are shown on Plates 4-4 and 4-5. The
confluence ofOld Cross Cut Canal with the Salt River is about 1/4 mile west of48th Street, and does
not appear on the strip maps.

There are 5 side drains which outlet to the Salt River (or are planned) in the reach of the Salt River
included in the Tempe Reach2

. Of these, SR-08 will be relocated upstream of Town Lake when it
is constructed, and SR-ll will be connected to deliver runoff from a portion of the area now draining
to SR-I0. In addition, there are 12 minor side drains which outlet (or are planned to discharge) to
the Indian Bend Wash reach ofthe Tempe Reach3

. One of these drains, IB-06, will actually discharge
to the Salt River after the construction of Town Lake. IB-12, a proposed Arizona Department of
Transportation (ADOT) drain is planned, but not yet constructed. Information on the side drains
which discharge to the Salt River and Indian Bend Wash in the vicinity of Tempe Reach is shown in
Table 1-1. Because ofthe minimal size and drainage area ofthe side drains which discharge to Indian
Bend Wash, a hydrologic evaluation of resulting surface runoff from the smallest drainage areas has
not been made at this time.

Within the reach of the Salt River referred to as the Phoenix Reach, 34 side drains discharge local
runoff Ofthese, 24 drain sufficient area to justify a hydrologic evaluation4

. Information concerning •
the 24 side drains for which runoff was estimated is given in Table 1-2. Additional information to
determine whether the runofffrom the remaining 10 side drains is sufficient to include them in project
evaluation and design is being sought. Current information indicates that the remaining 10 drains
convey runoff from small local areas, such as landfills, to the Salt River.

1.4 STUDY ALTERNATIVES

During the Reconnaissance Study, measureS were identified that would restore riparian habitat that
was lost as a result ofFederal water control projects. The results of the reconnaissance study support
additional Federal (Corps) involvement in detailed studies of riparian habitat restoration measures at
two locations, the Tempe Reach and the Phoenix Reach (refer to Figure 1-1). In addition to riparian
habitat benefits, water quality and incidental recreation benefits have also been identified.

The Tempe Reach restores habitat lost as a result of the construction of Indian Bend Wash and

2 Designated by the City of Tempe as SR-08 through SR-12. Refer to Plate 5A for location.

3 Designated by the City of Tempe as IE-a1 through IE-l2. Refer to Plate 5A for location.

4 Designated by the City ofPhoenix as SR-07 through SR-39, not inclusive. Locations of all 34 side drain outlets
are indicated on Plates 4-1 to 4-4. Local drainage from sources such as landfills does not appear with SR designations.
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upstream Federal Dams. The Tempe Reach restores scarce wetland, riparian and mesquite bosque
vegetation and consists ofa restored wetland in the Salt River channel upstream ofthe Tempe Town
Lake impoundment structure, and a restored wetland and mesquite bosque habitat in Indian Bend
Wash within the City ofTempe.

The Phoenix Reach of the Rio Salado restores habitat lost as a result of construction of upstream
Federal Dams. The Phoenix Reach restores scarce wetland, riparian vegetation, and wildlife habitat.
Incidental benefits are recreation, improved water quality, and urban re-development. Formerly
known as the Rio de Vida, Spanish for River ofLife, this restoration project is intended to bring life
back into the Salt River. The project is located between the 1-10 bridge and 19th Avenue bridge.

Upon completion of the Reconnaissance Study, the Corps began a more detailed investigation of
alternatives. Proposed action and project alternatives formulated and screened in this Feasiblity Study
are described in detail in the main report, and are listed in Chapter 6 of this Appendix.

5



TABLE 1-1. SIDE DRAIN INFORMATION - TEMPE REACH(l)

LAND USE TYPE
PIPE

DRAINAGE AREA
DIAMETER High Low RUNOFF

ID Runoff2) Runof(3) COEFF.
(in) (acres) (sq.mi.) (%) (%)

1-~ ...........~

~
SR-08(4) 54 1835 2.87 68 32 0.48

SR-09 30 78 0.12 7 93 0.07

SR-lO(5) 36 668 1.04 29 71 0.25

SR-ll (6) 66

SR-12(7) 18 ft 978 1.53 63 37 0.44,- a _I
IB-Ol 42 0.38 0.0006 100 0 0.95

IB-02 36 19 0.03 17 83 0.16

IB-03 42 27 0.04 0.5 99.5 0.002

IB-04 36 0.77 0.001 100 0 0.95

IB-05 48 66 0.10 59 41 0.61

IB-06(8) 48 10 0.02 100 0 0.95

IB-07 48 1.3 0.002 100 0 0.95

IB-08 2x36 25 0.04 93 7 0.85

IB-09 54 19 0.03 84 16 0.75

IB-lO 42 58 0.09 67 33 0.50

IB-ll 36 3.8 0.006 74 26 0.56

IB-12 48 6.3 0.01 60 40 0.55

NOTE:
Locations of side drain outlets to the Salt River and Indian Bend Wash in vicinity of the Tempe Reach are shown on
Plate 5A. City of Tempe side drain designations are included on Plate 5A. The designated side drain information is
applicable to this reach only. The designations are not unique.
Runoff Caeff. is simply the ratio of effective rainfall to incident rainfall and reflects the % of impervious cover.

(1) Information provided by City of Tempe, 1996.
(2) Includes commercial, industrial, street, high density residential, some low density residential, and other urban
development.
(3) Includes vacant land, parks, low density residential, and urban areas with 5- and 10-yr, 24-hour on-site retention.
(4) Drain outlet will be moved to location shown on Plate SA due to construction of Town Lake. Outlet size will be
reduced from existing 66 inches to 54 inches as indicated.
(5) Much ofdrainage area stored in detention basins, on-site retention, etc. A portion of the active area will drain to SR-ll
in future.
(6) Not determined - area not yet connected. In future may include SR-l 0 drainage area.
(7) ADOT tunnel in vicinity of Price Road. Exact location not shown on Plate 5A. Total contributing drainage area not
known at time of writing. Area shown is for City of Tempe only.
(8) Future ADOT drain. Exact location not shown on Plate 5A.
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TABLE 1-2. SIDE DRAIN INFORMATION -PHOENIX REACH(l)

PIPE
DRAINAGE AREA

LAND USE

ID DIAMETER Urban Agriculture Open
RUNOFF
COEFF.

(in) (acres) (sq.mi.) (%) (%) (%)

SR-07 54 633 0.99 94 3 3 0.64

SR-08 96 3638 5.68 85 3 12 0.41

SR-09 81 609 0.95 98 1 1 0.62

SR-10 54 989 1.55 94 0 6 0.44

SR-11 30 30 0.05 100 0 0 0.84

SR-12 42 122 0.19 100 0 0 0.47

SR-13(2) 21 ft 8879 13.87 95 0 5 0.33

SR-14 36 26 0.04 100 0 0 0.74

SR-15 84 1234 1.93 94 0 6 0.43

SR-16 54 68 0.11 100 0 0 0.85

SR-17 96 750 1.17 90 0 10 0.58

SR-18 66 4190 6.55 99 0 1 0.57

SR-19(2) 21 ft 2784 4.35 91 0 9 0.48

SR-20 84 3577 5.59 90 0 10 0.44

SR-21 90 641 1.00 95 0 5 0.90

SR-31 72 1918 3.00 47 32 21 0.22

SR-32 72 1008 1.58 76 11 13 0.38

SR-33 66 886 1.38 85 0 15 0.43

SR-34 15 21 0.03 74 0 26 0.47

SR-35 72 1668 2.61 65 5 30 0.29

SR-36 72 1270 1.98 67 5 28 0.25

SR-37 36 336 0.53 85 0 15 0.44

SR-38 72 1192 1.86 56 49 5 0.22

SR-39 96 2981 4.66 68 23 9 0.39

NOTE:
Locations of designated side drain outlets to Salt River near the Phoenix Reach are shown on Plates 4-1 to 4-4. City
ofPhoenix side drain designations are included on Plates 4-1 to 4-4. The designated side drain infonnation is
applicable to those reaches only. The designations are not unique. Side drains from localized areas such as landfills,
which generate little runoff are shown on Plates 4-1 to 4-4, but not included in this table, and ensuing surface water
evaluations.
Runoff Coeff. is simply the ratio of effective rainfall to incident rainfall and reflects the % of impervious cover.

(1) City ofPhoenix NPDES Pennit, Source: Woodward-Clyde, 3 Nov 1992.
(2) Total contributing drainage area unknown. According to ADOT sources, the area is 44 sq. mi. Based upon COE
studies, the drainage area is about 22 sq. mi., excluding area above the Arizona Canal Diversion Channel, which is
Igenerally not contributory. Area shown is from City ofPhoenix.
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II. SURFACE WATER HYDROLOGY OF THE SALT RIVER MAINSTEM

2.1 DISCHARGE FREQUENCY ANALYSIS

The Salt River is controlled by 6 major dams which impound water for hydroelectric power
generation, water supply, and flood control purposes. The total water supply and flood control
storage space behind these dams is approximately 2.8 million ac-ft. These dams are operated by the
Salt River Project and divert all flow reaching Granite ReefDiversion Dam from the Salt River during
most years. Simulation of SRP system operation for the period 1888-1995 indicated that water
would have spilled over Granite ReefDiversion Dam to the Salt River during 34 of those 105 years,
ifthe current configuration of the SRP system, including Modified Theodore Roosevelt Dam, were
in place. The relative frequency ofspilling is about once every 3 years, on the average, i.e. sustained
flow through the project reach might occur during some portions of those years. The maximum rate
of flow for each of those spills was determined based upon a water control plan developed for the
flood control pool at Modified Theodore Roosevelt Dam. The development of that plan and the
resulting analysis is described in a March 1996 Corps of Engineers report prepared by the Los
Angeles District titled, "SECTION 7 STUDY FOR MODIFIED ROOSEVELT DAM, ARIZONA
(THEODORE ROOSEVELT DAM), HYDROLOGIC EVALUATION OF WATER CONTROL
PLANS, SALT RIVER PROJECT TO GILA RIVER AT GILLESPIE DAM", and referred to
hereafter as "The Section 7 Study". Discharge-frequency values resulting from implementation of
the recommended plan are presented in Table 2-1 of this report.

2.2 INUNDATION DURATION FREQUENCY ANALYSIS

Due to the magnitude of inflows to the SRP reservoirs, spills over Granite ReefDiversion Dam are
expected to occur about once every three years on the average, based upon a period-of-record
simulation. During some of the years when spills occur, sustained flow in the Salt River will result,
which might damage or destroy the restored habitat. An evaluation of simulated spills determined
within the hydrology study was performed to establish flow rates which would be exceeded for
specified durations. Based upon inspection of synthetic N-year flood hydrographs, a set of curves
depicting threshold discharges which would be exceeded for specific durations and frequencies was
prepared (Figure 2-1). These results for the Salt River near the Phoenix Reach (reference location,
Central Avenue) are summarized in Table 2-2. No attempt was made to define these threshold
discharges for specific reaches of the Salt River, since sustained flows of durations equalling or
exceeding a day are unlikely to be attenuated or significantly altered by channel cross-section
variations or exfiltration.

2.3 LOW FLOW CHANNEL HYDROLOGY.

2.3.1 Inundation-Duration-Frequency. A low-flow channel within the Salt River has been
proposed, with a conveyance capacity of 12,200 ft3/S, a natural bed with a base width of200 ft, and
soil-cemented side slopes extending 5 ft below grade, to be excavated to as much as 20 ft below
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existing channel grade. This low flow channel will begin near the 1-10 Freeway in the City ofPhoenix •
and continue downstream until 19th Avenue where it will daylight to the existing channel. The low-
flow channel will maintain a slope of about 0.08% along its 5.04 mi. length, excluding drop
structures, resulting in non-erodible flow velocity during the design discharge. Environmental
restoration features will be located on benches astride the low-flow channel. The channel alinement,
typical cross-section design details and profile are presented in the Hydraulics Appendix.

The purpose ofthis low-flow channel is to convey frequent flood-flows through the Phoenix Reach
of the environmental restoration project, thus preventing or reducing inundation damage to the
accompanying wetlands.

Based upon discharge-frequency infonnation developed for The Section 7 Study, the frequency and
duration offlood-flows exceeding the low-flow channel capacity has been estimatecf. This
information is displayed in Table 2-3, along with additional information concerning the estimated
frequency and upstream source offlood-flows in the Salt River.

2.4 LOW FLOW CHANNEL OPEN WATER HYDROLOGIC DESIGN

2.4.1 General. During the phase of the Feasibility Study referred to as "F-4", a perennial
stream within the Low Flow Channel with a flow rate of about 10 ft?/s, extending 5 miles from the
1-10 Freeway on the east to 19th Avenue on the west, was considered. The following discussion
presents parameters developed for that concept. Upon evaluation of the results, the perennial stream
was modified by the local sponsor to an open water concept, including segments ofperennial streams •
with a reduced flow rate of about 5 ft?/s, coupled with 4 shallow, lined lakes6

, which required less
water and provided additional aquatic habitat. This concept included 1.5 miles of segmented
perennial stream and 3 x 2-acre lakes, plus an additional3-acre lake near Central Avenue.· The lakes
will be fed by the perennial stream and augmented as necessary by additional inflow at designated
locations. The total length of the open water reach has been reduced to 2.5 miles, while the surface
area has been increased because of the lakes to approximately 24 acres from the original 18 acres.
The initial results, developed for the 5 mile perennial stream, were modified to reflect the 2.5 mile
open water concept. These results follow the discussion for the perennial stream alone.

S The results presented are based upon data generated within The Section 7 Study and summarized in Table 2-2 of
this report, for the Salt River at Central Avenue, which lies between the upstream and downstream extent of the
proposed low-flow channel.

6 The lining considered in this analysis consisted of an impervious soil liner, such as clay or silt. Based upon
information collected from the Tres Rios project, the expected infiltration loss with this type ofliner is about 40 ft/yr.
Apparently consideration is being given to an impermeable plastic liner, which will further reduce, or prevent
infiltration. However, design concerns remain, such as the status oflarge plastic liners during flood flows and costs
required to ensure they remain intact and in place.
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2.4.2 Perennial Stream Characteristics. In addition to the areas within the Salt River channel
scheduled for environmental enhancement7, a perennial stream will be incorporated into the low-flow
channel. This stream will be maintained by pumped groundwater and allowed to meander naturally
within the confinements of the low-flow channel. Aquatic strips alongside the perennial stream will
be supported by the surface flow and resulting percolation; however, the low-flow channel will be
kept clear ofany vegetation which presents an obstacle or hindrance to the design hydraulic capacity.
Ideally, flow rates within the low-flow channel will be between 5 and 10 ft3/S throughout the project
reach (i.e., between the 1-10 Freeway on the east and 19th Avenue on the west). An evaluation of
the quantity of water necessary to maintain such a perennial stream has been conducted and the
investigation and results are summarized herein.

2.4.2.1 Channel Geometry.. In order to estimate losses from the perennial stream due
to evapotranspiration and infiltration, it was necessary to establish the surface area and wetted
perimeter ofthe stream. Knowledge of these channnel characteristics required a conceptual analysis
ofthe perennial stream geometry, including cross-section and length. Based in-part upon guidance
provided in EMll 10-2-1418, 31 Oct94, section 5-9. "Meander Geometry", and Appendix B, section
B-2, "Tentative Guide to Width-Discharge Relationships for Erodible Channels", hydraulic
characteristics of the perennial stream including channel geometry were estimated.

The existing Salt River channel is composed of erodible material overlain by cobbles, boulders, and
other large diameter, often irregular, miscellaneous stone. This matrix ofbed material produces an
annoring effect during flood conditions. Excavation ofthe existing channel to construct the low-flow
channel is expected to result in a natural bed with similar characteristics. Hence, a relatively small
perennial stream is not expected to have sufficient energy, especially within the low-flow channel,
with a 0.08% engineered bed-slope, to create a hydraulically- efficient cross-section. In addition due
to flood flows resulting from spills and/or releases from the upstream Salt River Project dams, the
perennial stream will be washed out approximately once every three years on the average, forcing the
perennial stream flow path to be reestablished periodically. As a consequence, the perennial stream
cross-section is expected to be relatively shallow, due to erosion of finer material within the course
matrix, and to meander within the low-flow channel confines.

2.4.2.1.1 CROSS-SECTIONDIMENSIONS. Based upon regime equations (Lacy)
and empirical relationships for channel width vs. discharge, a discharge of 10 ft3/S might be expected
to establish a channel between 6 ft. and 10ft in width. However, comparison of the estimated
channel velocity and the resulting depth of flow computed using Manning's equation8 indicate that
the combination would not be capable of creating the cross-section necessary to convey this flow.

7 Wetlands will be introduced and maintained upon benches astride the low-flow channel.

8 The depth-velocity characteristics were computed using a Marming's roughness coefficient (n) of 0.45. The low
flow channel roughness for the design discharge (12,200 ft3/S) was increased due to scale effects. A discharge of only
lO ft3/s would have an accompanying depth of only 3-4 inches. The surface irregularities would therefore be greater
than the actual flow depth. To account for this scale effect, the "n" value was increased by 50% for determination of the
geometric characteristics of the pereniall stream.
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As a result, the shallow, low-velocity flow was assigned a cross-section width of 20 ft, which •
combined with the average depth of approximately 0.7 ft, reproduces the desired flow rate more
realistically.

2.4.2.1.2 SINUOSITY. The surface area and wetted area of the perennial stream
will drive losses due to evapotranspiration and infiltration. Observations of natural streams have led
to the general conclusion that stream sinuosity is proportional to the width of the river - both large
and small streams "appear" similar on maps, such that the appearance gives no clue to the actual
scale. Based upon this type of observation, Hey (1984) suggested that

L = 21tw, where
w = channel width, and
L = channel length between inflection points.

For a channel with a width of20 ft, the length would be about 130 ft, while a channel 10 ft wide
would have a length of about 63 ft.

The amplitude of meander is variable and controlled to some extent by the valley bottom width. In
this case the valley bottom width would be substituted for by the width of the low-flow channel (200
ft). The ratio ofamplitude to wavelength is commonly between 0.5 and 1.5. As a consequence, the
amplitude could be as low as approximately 30 ft (10-ft wide channel), and as wide as 195 ft (20-ft
wide channel). Since the bottom width ofthe low-flow channel is 200 ft, and the maximum meander
amplitude is 195 ft, a "full" meander pattern should be possible.

The radius of curvature for meanders is commonly in the range of2-3 times the channel width; for
a 20-ft wide channeL the radius ofcurvature would be between 40 and 60 ft, which is consistent with
the amplitude of meanders.

Based upon channel geometry as described above, the ratio ofthe length of'l1 of the wavelength to
the horizontal distance is about 1.5 for a range ofvarying amplitude waves9

. Using this ratio, the total
stream length ofthe meandering perennial channeL circumscribed within the low-flow channel, would
be about 7.5 mi. The total surface area of the perennial channel is the product of the length and the
cross-sectional width (7.5 mi. x 20 ft), which is 18.2 acres, or 3.6 acres/mi oflow-flow channel.

2.4.2.2 Channel Losses.

2.4.2.2.1lNFIL1RATION. Studies conducted during the Central Arizona Water
Control Study (Hydrology report published by the Los Angeles District, US Army Corps of
Engineers in May 1982) indicated that the percolation rate of the Salt River reached a limiting value

9 The circumference of a single meander loop (1/2 wave) is 2nR (R is radius of curvature, between 40 and 60 ft);
thus; the Y2 wave arc is nR, and the linear distance is 2R. The ratio of arclength of the meandering channel to the linear
distance is nR/2R, or n/2. This ratio is about 1.5 for application purposes, because the transition for each cycle flattens
the wave from a semicircle as described in the preceding.
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of0.2 in/hr (- 0.2 :£t3/s, since 1 ft3/Sper wetted acre - 1in/hr) during flood flows. In addition, these
studies determined that the initial percolation rate was about 1.3 in/hr. Data from Tres Rios
wetlands10 indicate that the infiltration rate from the wetlands is about 0.56 in/hr. Using the initial
infiltration rate as a benchmark for "start-up" conditions and the Tres Rios infiltration rate as an
estimator ofthe "steady-state" conditions, after the perennial stream had been established, loss rates
ranging from 24 :£t3/s to 10 ftJ;g were established. These rates are equivalent to 5- and 2- ft3/Sper mile
oflow-flow channel. Note: 1 MGD = 1.55 ff/s.

To establish the perennial stream, 5 replenishment locations were established, beginning at the
upstream limit of the project, the Salt River at the 1-10 Freeway. Since that location is the project
origin, the capability ofdelivering 10 ft3/S (6.45 MGD) to the low-flow channel is necessary. Based
upon the infiltration losses during "start-up", each subsequent replenishment site would be located
1 mi. downstream and capable ofdelivering an additional 5 :£t3/s (3.23 MGD) to the low-flow channel.
It will likely be necessary to "phase" downstream replenishment after the upstream perennial stream
is well-enough established to appear as surface flow at the following replenishment location.
Otherwise a series of disconnected streams might evolve with resulting wasted water. After the
perennial stream has been established for a sufficient time period, perhaps as much as several weeks,
the infiltration rate should decrease and replenishment can be reduced. The initial source would
remain the same, i.e. 10 ft3/S (6.45 MGD), but the downstream replenishment sources can be cut
back. Based upon Tres Rios data, the infiltration losses should diminish to 2 ft3/S per low-flow
channel mile (3.23 MGD), and the required replenishment can be similarly reduced. Tables 2-4 and
2-5 summarize the locations and capacities for replenishment, along with the intermediate and
cumulative infiltration losses during "start-up" and "steady-state" conditions. Figure 2-2 depicts the
a conceptual analysis of infiltration losses and the suggested replenishment scheme.

2.4.2.2.2 EVAP01RANSPIRATION. In addition to infiltration losses from the
perennial stream, water will be lost from the surface of the stream due to evaporation. There is little
data to compare losses from a moving stream to losses from a standing body ofwater, but it is likely
that the processes are similar. There might be less energy transfer due to heating of the surface-in
motion, yet the water is much shallower than lakes from which evaporation pan data is available,
hence it has a much flatter temperatUre gradient. In addition, wind is known to increase evaporation,
so it might be reasonable to infer that the motion of the water along the air-water interface is akin to
this process. Data from the Tres Rios wetlands, which was similar to (but less than) rates for surface
water evaporation in central Arizona suggested a rate of 6 GPM for a 2.2 acre site, which is
equivalent to 4.4 ft/yr. A variety of sources (e.g. Chow's "Handbook of Applied Hydrology")
indicate that surface water evaporation rates in this vicinity range from 5.5 to 5.7 ft/yr.

The perennial stream will sustain an aquatic strip alongside the meandering channel which will also
consume water. It is likely that this "strip" will encompass an area similar in size (considering that
it will likely develop along both banks) to the perennial channel. Agricultural data for the same area

10 Tres Rios is a managed wetland project, including an unlined portion within the Salt River fed by effluent from
the 91 st Ave. Sewage Treatment Plant. Data from this unlined prototype was used within this study.

14



(based on Alfalfa, again from Chow's "Handbook. ..") suggest consumptive use of4.4 ft/yr. Because •
the Tres Rios evaporation figure was somewhat low, the total evapotranspiration rate applied to the
perennial stream was the sum of the surface water evaporation from central Arizona and the
consumptive use for Alfalfa cited above, or approximately lOft/yr. This quantity is about two
orders-of-magnitude less than the losses resulting from infiltration- 10 ft/yr over 18.2 acres is
equivalent to 0.25 fi?/s or 0.161 MGD, hence it is insensitive to approximations. Since most of the
evapotranspiration losses will occur duming the warmest months of the year, losses will be higher
than 0.25 fi?/s during those periods. Therefore, the replenishment rate for these warm weather
periods was increased to 1.0 £t3 /s (0.65 MGD) to offset the higher evapotranspiration rates. Losses
to account for evapotranspiration from the perennial stream and surrounding aquatic strip were
increased to 1.0 ft3/s likewise. Tables 2-4 and 2-5 include replenishment for evapotranspiration in the
5.04 mi. low-flow channel project reach.

2.4.3 Open Water Concept Characteristics.

2.4.3.1 Geometry. Based upon the previous computations for perennial stream meander length
and surface area, it is anticipated that the shortened, segmented perennial stream will be reduced
linearly based upon the ratio of stream length (1.5 mi. to 5.0 mi., or 30 %). Hence, the meander
length will be 2.25 mi. (30 % of7.5 mi), with an accompanying surface area of approximately 5.5
acres (30 % of 18.2 acres). In addition, the segmented perennial stream channel width was presumed
to be nearly the same size as the continuous 5 mi. stream. However, the reduction in discharge (from
nearly 10 to about 5 fe/s) may result in a consequent reduction to the width of the stream. The
accompanying aquatic strand surrounding the perennial stream is estimated to be of similar size, while
the surface area of the lakes will be designed to contain 9 acres of open water within the Low Flow
Channel. Three ofthe lakes (at 16th Street, 7th Street, and 7th Avenue) will contain 2 acres each of
open water, while the lake at Central Avenue will contain 3 acres of open water. The total volume
ofthese shallow lakes (depths will be maintained at approximately 3 ft) will thus be about 27 ac-ft.

2.4.3.2 Losses. The infiltration rates for Start-up and Steady-state conditions for the perennial
stream segments are identical to the results already presented, i.e. about 1.3 in/hr (5 ft3/S per mi. of
stream) and 0.56 in/hr (2 £t3/s per mi. ofstream). The infiltration rate for the lakes is presumed to be
a constant because of the subsurface liner; based upon data from the Tres Rios project, which
includes a lined wetlands, the infiltration rate is approximately 40 ft/yr, or about 1 ac-ft/day from the
entire 9 acres.

The open-water surface area of the stream and aquatic strand each include about 3.7 ac/mi. The
evapotranspiration rate for the perennial stream is about 10 ft/yr or about 110 ac-ft/yr over the entire
estimated 11 acres of stream surface and aquatic strand habitat (about 0.3 ac-ft/day).
Evapotranspiration rates for the perennial channel and aquatic strand are minor in comparison to
infiltration rates. Based upon the average width of the perennial stream and aquatic strand and the
average loss rate, approximately 0.2 ac-ft ofwater is lost each day per mile of open stream (or 0.1
£t3/s per mi. of stream). As suggested in the discussion of the 5 mi. perennial stream, these losses are
anticipated to be greater during the hottest months of the year.
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The evapotranspiration rates for the shallow lakes are. similarly expected to be about 10 ft/yr (about
90 ac-ft/yr for the entire open-water lakes, or about 0.25 ac-ft/day).

The total losses (infiltration and evapotranspiration) from the perennial stream are 5.1 ft?/s (3.3
MGD) per mi. of stream during Start-up and 2.1 ft?/s (1.4 MGD) per mi. of stream during Steady
state conditions.

The total losses (again, both infiltration and evapotranspiration) from the shallow lakes are about 1.25
ac-ft/day (0.4 MGD). These losses will be distributed over the lakes according to their relative size.
The largest lake, at Central Avenue, will lose about 0.42 ac-ft/day (0.14 MGD), while the three
smaller lakes will each lose about 0.28 ac-ft/day (0.09 MGD).

2.4.3.3 Operation. A narrative description of the replenishment sources and losses for the
Open Water Habitat is summarized in the following description.

2.4.3.3.1 START-UP CONDmONS

Reach 1 - stream initiation to outlet of 16th Street Lake.
An initial supply ofabout 5 MGD (7.8 ft3/S) will be required upstream of the grade control structure
about 3/8 mi. above 16th Street. As the water advances downstream toward the lake a control
structure to train the water to enter the lake will be required.

Initial losses from the perennial stream due to infiltration and evapotranspiration in this 0.25
mi. reach will amount to 0.83 MGD (0.25 mi. x 3.3 MGD/mi), and an additional 0.09 MGD will be
lost from the lake near 16th Street. The total losses in the reach are 0.92 MGD (1.4 ft?/s). The
outflow from this lake will be reduced to approximately 6.4 ft3/S; a control weir or suitable hydraulic
structure will be required to maintain the lake level at 3 ft and control the overflow/outflow location
to form the subsequent downstream segment of the perennial stream.

Reach 2 - downstream of 16th Street Lake to outlet of 7th Street Lake.
Losses from the perennial stream due to infiltration and evapotranspiration in the following 0.75 mi.
reach will amount to 2.5 MGD (0.75 mi. x 3.3 MGD/mi), and an additional 0.09 MGD will be lost
from the lake near 7th Street. The total losses in the reach are 2.59 MGD (4.0 ft3/S). To maintain
a flow rate ofabout 5 ft3/s in the perennial stream, a replenishment source will be required. A source
capable ofdelivering approximately 2 MGD (3.1 ft3/S) located about 0.5 mi. downstream of the 16th
Street lake outlet (approximately 0.25 mi. upstream ofthe 7th Street Lake) is suggested.

As the water advances downstream toward the lake a control structure to train the water to
enter the lake will be required. The outflow from this lake will be reduced to approximately 5.4 ft3/S;
a control weir or suitable hydraulic structure will be required to maintain the lake level at 3 ft and
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control the location of the outflow to fonn the subsequent downstream segment of the perennial •
stream.

Reach 3 - downstream of 7th Street Lake to outlet of Central Avenue Lake.
Losses from the perennial stream due to infiltration and evapotranspiration in the downstream 0.25
rru. reach will amount to 0.83 MGD (0.25 mi. x 3.3 MGD/mi), and an additional 0.14 MGD will be
lost from the lake near Central Avenue. The total losses in the reach are 0.97 MGD (1.5 ft3/S).

As the water advances downstream toward the lake a control structure to train the water to
enter the lake will be required. The outflow from this lake will be reduced to approximately 3.9 ft3/S;

a control weir or suitable hydraulic structure will be required to maintain the lake level at 3 ft and
control the location of the outflow to fonn the subsequent downstream segment of the perennial
stream.

Reach 4 - downstream of Central Avenue Lake to outlet of 7th Avenue Lake.
To maintain a flow rate ofabout 5 ft3/S in the perennial stream, another replenishment source will be
required. A source capable of delivering approximately 1 MGD (1.55 ft3/S) located immediately
downstream of the Central Avenue lake outlet is suggested.

Losses from the perennial stream due to infiltration and evapotranspiration in the downstream
0.25 mi. reach will amount to 0.83 MGD (0.25 mi. x 3.3 MGD/mi), and an additional 0.09 MGD will
be lost from the lake near Central Avenue. The total losses in the reach are 0.92 MGD (1.4 ft3/S).

The total outflow from this final lake should be about 4 ft3/S. If the final replenishment site is •
excluded from the design, the inflow to this lake will be reduced to 2.6 ft3/S, and the outflow from
the lake will be less than 2.5 ft3/s. Some outflow to maintain a flushing action in the lake is necessary.

2.4.3.3.2 S1EADY-STA1E CONDITIONS

Reach 1 - stream beginning to outlet of 16th Street Lake.
The initial supply can be reduced to about 4 MGD (6.2 ft3/S) upstream of the grade control structure
about 3/8 mi. above 16th Street. As the water advances downstream toward the lake a control
structure to train the water to enter the lake will be required.

Losses from the perennial stream due to infiltration and evapotranspiration in this 0.25 mi.
reach will decrease to 0.35 MGD (0.25 mi. x 1.4 MGD/mi), and an additional 0.09 MGD will be lost
from the lake near 16th Street. The total losses in the reach are 0.44 MGD (0.7 ft3/S). The outflow
from this lake will be reduced to approximately 5.5 W/s; a control weir or suitable hydraulic structure
will be required to maintain the lake level at 3 ft and control the overflow/outflow location to fonn
the subsequent downstream segment of the perennial stream.
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Reach 2 - downstream of 16th Street Lake to outlet of 7th Street Lake.
Losses from the perennial stream due to infiltration and evapotranspiration in the following 0.75 mi.
reach will amount to 1.05 MGD (0.75 mi. x 1.4 MGD/mi), and an additional 0.09 MGD will be lost
from the lake near 7th Street. The total losses in the reach are 1.14 MGD (1.8 ft?/s). To maintain
a flow rate ofabout 5 £t3/s in the perennial stream, a replenishment source will be required. A source
capable ofdelivering approximately 1 MGD (1.55 ft3/s) located about 0.5 mi. downstream ofthe 16th
Street lake outlet (approximately 0.25 mi. upstream ofthe 7th Street Lake) is suggested.

As the water advances downstream toward the lake a control structure to train the water to
enter the lake will be required. The outflow from this lake will be reduced to approximately 5.25 ft3/S;
a control weir or suitable hydraulic structure will be required to maintain the lake level at 3 ft and
control the location of the outflow to form the subsequent downstream segment of the perennial
stream.

Reach 3 - downstream of 7th Street Lake to outlet of Central Avenue Lake.
Losses from the perennial stream due to infiltration and evapotranspiration in the downstream 0.25
mi. reach will amount to 0.35 MGD (0.25 mi. x 1.4 MGD/mi), and an additional 0.14 MGD will be
lost from the lake near Central Avenue.. The total losses in the reach are 0.49 MGD (0.8 ft3/S).

As the water advances downstream toward the lake a control structure to train the water to
enter the lake will be required. The outflow from this lake will be reduced to approximately 4.5 ft3/S;

a control weir or suitable hydraulic structure will be required to maintain the lake level at 3 ft and
control the location of the outflow to form the subsequent downstream segment of the perennial
stream.

Reach 4 - downstream of Central Avenue Lake to outlet of 7th Avenue Lake.
Losses from the perennial stream due to infiltration and evapotranspiration in the downstream 0.25
mi. reach will amount to 0.35 MGD (0.25 mi. x 1.4 MGD/mi), and an additional 0.09 MGD will be
lost from the lake near Central Avenue. The total losses in the reach are 0.44 MGD (0.7 ft3/S). The
total outflow from this final lake should be about 3.8 ft3/S. Ifthe replenishment site is excluded from
the design, the inflow to this lake will be reduced to 2.4 ft3/S, and the outflow from the lake will be
less than 2.2 ft3/S. Some outflow to maintain a flushing action in the lake is necessary.

Actual infiltration within the constructed Salt River Low-flow Channel will vary both laterally
and longitudinally, as well as temporally. It might be desirable to design the replenishment
system to have excess capacity in order to establish the perennial stream earlier or with more
certainty. Reduction ofreplenishment would be made based upon an active monitoring system,
especially during the period of stream formation. Adjustments might have to be made to
compensate for seasonal variations due to climatic factors, such as temperature and rainfall,
which would alter the stream characteristicsfrom those desired; in additiona further refinements
might be necessary to reflect the variation in demand during daylight/nightime periods.
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TABLE 2-1. DISCHARGE FREQUENCY VALUES FOR THE SALT RIVER

RETURN PERIOD
LOCATION

500-YR 200-YR 100-YR 50-YR 20-YR 10-YR 5-YR

•
CP-40

CP-109

CP-110

CP-111

CP-112

CP-l13

250,000 210,000 175,000 150,000 100,000 60,000 22,000

246,000 207,000 172,000 145,000 95,000 58,000 21,000

243,000 204,000 169,000 140,000 90,000 55,000 20,500

240,000 202,000 166,000 135,000 87,000 53,000 20,200

237,000 200,000 164,000 132,000 84,000 51,000 20,000

235,000 198,000 162,000 130,000 82,000 49,000 19,500

NOTE:
Flow in Salt River anticipated about once in three years. During other times the river is dry, except for locally wetted
areas near side drains.

DEFINITIONS:
CP-40, at Granite ReefDam
CP-109, at Gilbert Road
CP-110, at Mill Avenue Bridge
CP-lll, at Central Avenue
CP-ll2, at 67th Avenue
CP-113,just above confluence with Gila River
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• TABLE 2-2. INUNDATION-DURATION-FREQUENCY: SALT RIVER NEAR THE PHOENIX
REACH

FREQUENCY, years
DURATION

500 200 100 50 20 10 5

•

•

.;.;.:.:;:;:;:.:.;.;.:,,-..- -......•............:.;.;.;.;.:.;.;.::::;: ;.:-;-:.:-..;.:.:.;.:.:.:.:.;.:.:.;.;.;.; ;.;.-.:::::::::;:.;.: ';';':':-:';"':';':':':':':';';':':':'.';';'.':';':':':';'..;.;.:.:.:-..;.;.:-;.;. ..;.: ;.:- .. :.:.;-:-;'.-:::;:.:.:.:.-.;." ,' .. , : :.:-;.:•..... -.-..;.;.;.:.;.;.;.:.;..;.;.:.:.;.. ' .. ' ; :.;.. '.;._':-:.:.:.;.:.;........... .' ' - .

:::JjiSOiARGEE¥dEEDEDi'QiS£ECIFiEDDURAlioNr~*LTRiVERA±eENTRALAV~~n;:

Peak(2) 240,000 202,000 166,000 135,000 87,000 53,000 20,200

I-Day 190,000 145,000 100,000 70,000 40,000 21,000 8000

3-Day 100,000 75,000 60,000 40,000 22,000 11,000 3500

5-Day 70,000 55,000 40,000 29,000 15,000 7000 2100

10-Day 46,000 33,000 25,000 18,000 10,000 5200 1500

30-Day 25,000 19,000 15,000 10,000 5300 2700 800

6O-Day 14,000 9000 7000 5000 2800 1400 (0)<3)

(1) Discharges exceeded for specified frequencies, with durations greater than or equal to I-day, are approximately equal
throughout the Phoenix project reach. Central Avenue is used as a reference location.

(2) Values from Table 2-4, SECTION 7 STUDY FOR MODIFIED ROOSEVELT DAM, ARIZONA (THEODORE
ROOSEVELT DAM), HYDROLOGIC EVALUATION OF WATER CONTROL PLANS, SALT RIVER PROJECT TO
GILA RIVER AT GILLESPIE DAM, U.S. Army Corps ofEngineers, March 1996.

(3) During the 5-year event, the upstream release from the Salt River Project reservoirs does not last for 60-days. A flow rate
of approximately 200 fefs is exceeded for 53-days during this event. Results are based upon simulation ofBalanced
Hydrographs. Please refer to previous note for the information source.
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TABLE 2-3. INUNDATION-DURATION-FREQUENCY: SALT RIVER LOW-FLOW •
CHANNEL NEAR THE PHOENIX REACH

SOURCE

Salt River

Verde River

LOCATION

Outflow from Roosevelt
Dam

Outflow from Bartlett Dam

DURATION
12,200 efts

EXCEEDED(l)

Instantaneous

Instantaneous

ANNUAL
EXCEEDANCE
FRE VENCY

12.5 Years

4.35 Years

(I) "Instantaneous" actually represents the 6-hour average maximum discharge based upon simulation criteria in the
Modified Roosevelt Water Control Study.
(2) This location provides adequate information for the project reach. Flood discharges for durations I-day are not
attenuated si . cant! .

21

•

•



• TABLE 2-4. RIO SALADO 5 MI. PERENNIAL STREAM 
CONCEPT WELL LOCATION/CAPACITY TO SUSTAIN 10 FT3/S

WELL CAPACITY

LOCATION(l)

216.5 (I-I0 FREEWAy)

215.5

214.5

213.5

212.5

START-UP STEADY-STATE

(MGD) (MGD)

6.45 6.45

3.23 1.30

3.23 1.30

3.23 1.30

3.23 1.30

•

•

ANTICIPATED FLOW REMAINING AT PROJECT OUTLET (19th Avenue)

211.5 5 ff/s 8 ff/s

NOTES:
1 MGD = 1.55 if/s, therefore 6.45 MGD = 10 if/so
Well replenishment locations are based upon sustaining a minimum of 5 if/s during Start-up. Based upon expected
channel percolation rates, 5 ft3/S will be lost each mile. .
The reach length of the low flow channel is 5.04 However, because the perennial stream introduced into the low
flow channel is expected to meander naturally, the length of the perennial stream has been increased to. 7.5 miles
for computation purposes.
Start-up conditions are expected to last for several days to a few weeks, with Steady-state conditions established
thereafter. Hence, there will be a transition period during which well pumping can be cut back. Initially, water will
likely have to be introduced in phase, from upstream to downstream, as the stream penetrates to the next
replenishment location.

(1) Stationing in river miles.

(2) Anticipated warm weather replenishment to offset evapotranspiration losses in 5 mile reach.
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TABLE 2-5. RIO SALADO 5 MI. PERENNIAL STREAM 
ESTIMATED LOSSES

LOCATION LOSS,MGD
•

FROM RIVER MILE TO RIVER MILE START-UP STEADY-STAT!

216.5

215.5

214.5

213.5

212.5

216.5

(1-10 Freeway) 215.5

214.5

213.5

212.5

211.5

211.5

3.23 1.30

3.23 1.30

3.23 1.30

3.23 1.30

(19th Avenue) 3.23 1.30

0.65(3) 0.65(3)

. . .. . ··I:·· •.•••··••.••..•••••••••••••••!§~~~ •••.••·•...•·•.•••••••••••,••••••r••••••••••••••••• ~I............... i..:..•..A.6'i.·•.•..·.Ua:··wiif/L"A1}ibLflsSES •.•.•.i :.•...........................::: :..~ :..:..:j.•.••.•...•.••.'..:..:. . :... . ,.
:;::;::;:::::::::::::::;::::;::::::::::::::: ::::;:::::::::.::::::::::: :::::..:;.;::;-:::;::;.:;: ;.:::.::;.:."::;::: :.:.:-;.:.:.:.:.:.:.:.;::.;.:;.;:;:::-.;:.:.:.:::::.:.;.

NOTES:
1 MGD = 1.55 if/s, therefore 3.23 MGD = 5 if/s and 1.30 MGD = 2 if/so
1 inIbr. 1ft 3/s/wetted acre.
The reach length of the low flow channel is 5.04 However, because the perennial stream introduced into the low
flow channel is expected to meander naturally, the length of the perennial stream has been increased to. 7.5 miles
for computation purposes. •
Start-up conditions are expected to last for several days to a few weeks, with Steady-state conditions established
thereafter. Hence, there will be a transition period during which well pumping can be cut back. Initially, water will
likely have to be introduced in phase, from upstream to downstream, as the stream penetrates to the next
replenishment location.

(1) Based upon average infiltration rate of 1.3 inIbr (1.3 £t3/s/wetted acre), l,lIliformly distributed across the low-flow
channel from 1-10 to 19th Avenue.
(2) Based upon Ires Rios infiltration rate of 0.56 inIbr (0.56 ft3/s/wetted acre), uniformly distributed across the 10w
flow channel from 1-10 to 19th Avenue. Previous studies of the Salt River percolation capacity during floods have
indicated a limiting rate of 0.2 inIbr.
(3) Anticipated wann weather losses resulting from evapotranspiration in the 5 mile reach of the low-flow channel
from River mile 216.5 to 211.5 ..
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• TABLE 2-6. RIO SALADO 2.5 MI. OPEN WATER CONCEPT11


ESTIMATED WATER SUPPLY REQUIREMENTS AND LOSSES

LOCATION SUPPLY,MGD

START- STEADY
UP STATE

LOSS,MGD

START- STEADY
UPl) STATE

FLOW, ff/s(4)

Grade Control
Structure, 3/8 mi
east of 16th St

Outlet, 16th St
Lake

Outlet, 7th St
Lake

Outlet, Central
Ave Lake

Outlet from 16th
St Lake

Outlet, 7th St
Lake

Outlet, Central
Ave Lake

Outlet, 7th Ave
Lake

5

2

o

1

4

1

o

o

0.92

2.59

0.97

0.92

0.44

1.14

0.49

0.44

7.8 6.4
(6.2) (5.5)

6.4 5.4
(5.5) (5.2)

5.5 5.2
(3.9) (4.5)

3.9 4.5
(4.0) (3.8)

•

•

; :.:.:.;.;.:.;.:.:.; ; ;.;.;.:.:-:.;.:.; :.:.;.:.;.; :.;.;.:.;.:.;.;.;.;.; :;:;::.;.;.;:::::::::.;:.;::.:.-.::.:::;::.::::::;.;:::;.:.:.;.:::.;;;:;:..':'

NOTES:
1 MGD = 1.55 ffls, therefore 3.23 MGD =5 ffls and 1.30 MGD =2 ft3/s.
1 in/hr . 1ft 3Is/wetted acre.
The reach length of the low flow channel is 1.5 mi. However, because the perennial stream introduced into the low-flow channel is
expected to meander naturally, the length of the perennial stream has been increased to. 2.25 mi. for computation purposes. Start
up conditions are expected to last for several days to a few weeks, with Steady-state conditions established thereafter. Hence, there
will be a transition period during which well pumping can be cut back. Initially, water will likely have to be introduced in phase,
from upstream to downstream., as the stream penetrates to the next replenishment location. Training structures at lake inlets, as
well as control weirs at lake outlets might be required.
Based upon the size of the lakes and the suggested water supply quantities, the lakes should fill in about 3 days after establishment
of the perennial stream.

(I) Based upon average infiltration rate of 1.3 in/hr (1.3 ft3/s/wetted acre), uniformly distributed across the low-flow channel from I
10 to 19th Avenue.
(2) Based upon Tres Rios infiltration rate of 0.56 in/hr (0.56 ft3/s/wetted acre), uniformly distributed across the low-flow channel
from I-10 to 19th Avenue. Previous studies of the Salt River percolation capacity during floods have indicated a limiting rate of 0.2
inIhr.
(3) Based upon average annual evaporation. Anticipated warm weather losses resulting from evapotranspiration in the 1.5 mile
reach of the low-flow channel and lakes will create a higher demand during those periods of time or a reduction in the quantity of
flow in the perennial stream.
(4) Start-up values are listed below. Steady-state values are in parentheses. Start-up values indicated are for initial weeks of
o eration, rior to full establishment of erennial stream. Flows listed include re lenishment as indicated.

11 Includes 1.5 mi. of segmented, perennial stream., connecting 4 shallow lakes with a total surface area of 9 acres.
Lakes include soil liner to reduce inflltration to the surrounding substrate. Infiltration rate from lakes was set at 40 ft/yr.
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III. SURFACE WATER HYDROLOGY OF SIDE DRAINS

3.1 GENERAL

Surface water runoff from side drains to the Salt River has been evaluated in order to characterize
the potential for damage to the restored habitat areas as well the potential for supporting or
nourishing restored habitat. The discussion of surface water impacts included runoff from three
significant side drain features - Indian Bend Wash, Old Cross Cut Canal, and the Tempe Drain or 48th
Street Drain. The Tempe Reach includes some restoration in the downstream portion of Indian Bend
Wash, as well as in the Salt River just upstream of Tempe Lakes Gust above the mouth of Indian
Bend Wash). Design discharges, as well as discharge-frequency relationships for Indian Bend Wash
were established during the analysis and design of the Indian Bend Wash project. The focus of the
surface water evaluation ofthe three major side drains was the determination ofpotential impact on
the downstream restoration features. Especially important in this context was the magnitude of
runofffrom these major drains, the quantity which might reach the Phoenix Reach, and the frequency
of this runoff reaching the Phoenix Reach.

To provide infonnation for design of Tempe Reach and the Phoenix Reach wetland features which
might safely pass locally damaging flows, peak N-year flow rates for stonn drains which outlet
directly to the restored wetlands were established. To provide infonnation concerning the quantity
ofsurface water available for nourishment of restored habitat, N-year 24-hour volumes and average
annual volumes were estimated for applicable storm drains within the Tempe Reach and the Phoenix
Reach.

The frequency and volume of surface water runoff from 4 storm drains which discharge to the Salt
River and 5 storm drains which discharge to Indian Bend Wash near the Tempe Reach, as well as 24
stonn drains which outlet to the Salt River in the reach referred to as the Phoenix Reach, were
estimated during this study.

Surface water hydrology for Tempe Reach and the Phoenix Reach side drains is presented in two
sections. The first section (3.2) considers the potential impact of runoff from the major side drains
on restored habitat. The second section (3.3) presents an analysis of peak discharges from local side
drains in the Tempe Reach and the Phoenix Reach, as well as the frequency and volume of runoff
from the side drains.

3.2 INDIAN BEND WASH, OLD CROSS CUT CANAL, AND TEMPE DRAIN

3.2.1 Indian Bend Wash (IBW). IBW drains approximately 90 sq.mi. of mostly urbanized
watershed, including Scottsdale and a portion of the City ofPhoenix, into the Salt River. The outlet
to the Salt River ia about midway between Hayden Road on the east and Scottsdale Road on the
west.
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To estimate the impact ofrunofffrom IBW to the Salt River, simulations of several flood events were
performed using the most recent channel configuration information for the Salt River, including
modifications for future channelization and bank protection provided by the Flood Control District
ofMaricopa County (FCDMC). Based upon volume-frequency relationships developed during the
Central Arizona Water Control Study (CAWCS) and published in the May 1982 CAWCS hydrology
report, it appears that a 10-year flood hydrograph from IBW (peak discharge = 9000 ft?Is) would be
reduced to 1500 ft3/s at Mill Avenue and 140 ft Is at Central Avenue and disappear shortly
downstream. The 5-year flood hydrograph (peak discharge = 4800 ft3/s) would be reduced to 370
ft3/s at Mill Avenue and disappear before Central Avenue.

Typically, storms which produce suffiCient precipitation and runofffrom the 13,000 sq. mi. Salt
River watershed to generate spills past Granite ReefDam do not result in significantprecipitation
in the downstream Phoenix metropolitan area and runofffrom IBW. The estimates above were based
upon the non-concurrence ofthe lBW runoffwith mainstem Salt RiverflOWS.

Since excessflow from the Salt River is expected to spill over Granite ReefDam apprOXimately once
every 3 years on the average, and the 5-year discharge from these spills is expected to exceed
20,000 jfIs, there is little purpose in providing protection from lBWflows, which are both much
smaller in magnitude and lessfrequent.

Finally, although there is sparse record available, there are no instances during which runofffrom
Indian Bend Wash (or any of the major side drains) did much more than wet the channel
downstream ojthe confluence. Under most circumstances, water from these side drains does not
contain suffiCient volume norflow for long enough duration to fill the Salt River channel andflow
downstream.

3.2.2 Old Cross Cut Canal. The Old Cross Cut Canal was originally part of the SRP canal
system and was built to transfer water from the Arizona Canal southerly to the Grand Canal. Today
it serves primarily to drain floodwaters intercepted by the Arizona Canal, and local runoff
downstream from the Arizona Canal, to the Salt River. The confluence with the Salt River is
approximately one-quarter mile west of48th Street on the north side of the Salt River. The drainage
area is approximately 17 sq. mi., ofwhich about 20% is rugged and steep mountainous area, including
Camelback Mountain (elevation 2700 feet with a slope of about 60%), and Papago Mountain Park,
which although rugged is much flatter with a slope ofabout 5 %. The remainder of the drainage area
is densely populated urban valley area, with slopes of about 1%.

Discharges in the Old Cross Cut Canal, as expected, are considerably smaller than discharges in
IBW, and because of the disparity in size (IBW drains about 5 times as much area), the resulting
runoff volume is also much smaller. Consequently, the impact of runoff from the Old Cross Cut
Canal on Salt River habitat restoration is expected to be less.

3.2.3 Tempe Drainage District No.2 Ditch (48th Street Drain). This open channel drains an
area similar in size to the Old Cross Cut Canal (approximately 14 sq. mi.). The contributing area is
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highly urbanized area within the City ofTempe. The capacity of the drain is 1100 ft3/Sat 48th Street,
and it enters the Salt River from the south in the vicinity of the 1-10 Freeway (near 32nd Street). •
Runoffto the ditch from the City ofTempe is curtailed as a result of on-site detention requirements.
Downstream from the Tempe city limits some runoff from the City ofPhoenix doubtlessly enters the
ditch. Based upon regional relationships developed within this study and displayed in Figure 3_1 12

,

it appears that the channel can convey a peak flow of about a 10-year frequency. This may be an
underestimate, if detention requirements are effective.

3.3 LOCAL SIDE DRAINS

3.3.1 General. There are 17 local side/storm drains which discharge to the Tempe Reach and
34 side drains which discharge to the Phoenix Reach. Of these, 9 side drains which discharge to the
Tempe Reach and 24 storm drains which discharge to The Phoenix Reach encompassed drainage
areas of sufficient size (> 20 acres) to have been included in this evaluation. The contributing
drainage areas for those drains evaluated ranged in size from 0.03 sq.mi. (21 acres) to 13.87 sq.mi.
(8879 acres). Outlet sizes for these drains were as small as 15 inches in diameter (City ofPhoenix
designation, SR-34), and as large as 21 feet in diameter (City ofPhoenix designation, SR-13 and SR
19). The area drained is intensely developed urban landscape, with runoff coefficients estimated to
vary from 0.002 to 0.95. Retention requirements in the City ofTempe significantly reduce the runoff
from some of the contributing area. Information about the drain size, location, and contributing
drainage area size and characteristics was provided by the cities ofTempe and ofPhoenix13 (Tables
1-1 and 1-2). The outlets to the Salt River and Indian Bend Wash are shown on Plates 4-1 through
4-5. In addition, Plates 3-1 and 3-2 depict the contributing drainage area of the side drains in the
vicinity ofthe Phoenix Reach and Tempe Reach. Initial estimates of runoff had been made in the Rio
Salado, Salt River, Az Reconnaissance Report, prepared by the Los Angeles District Corps of
Engineers, dated March 1995. The information contained within that report was updated based upon
the most recent information. However, the construction and connection ofside drains is a dynamic
process, and some ofthe information presented herein may be incomplete or out ofdate.

Very little information is available from which definitive estimates of runoff for these side drains can
be made. The FCDMC has a network ofgages which can be used to monitor precipitation and runoff
in municipal drains. However, inspection of the data indicates that the information is often
conflicting, e.g. the runoff is greater than the incident rainfall. In addition, there is an inconsistency
between the estimated runoffcoefficients14 and the quantity of runoff resulting from recorded rainfall.

12 The development of the curves in Figure 3-1 is discussed in Section 3.3, which follows.

13 Tempe Reach: infonnal infonnation from the City of Tempe, including drainage area maps and tabulations of side
drain locations, outlet sizes, drainage area sizes and land use.
The Phoenix Reach: "APPENDIX. 1- OUTFALLS, CITY OF PHOENIX NPDES - PART 2", prepared by Woodward
Clyde Consultants, dated 3 November 1992.

14 Runoff coefficients were based upon infonnation contained in Table I-I and 1-2 provided by the cities of Tempe
and Phoenix. These runoff coefficients were used to estimate peak and volume ofrunoffwithin this report.
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There are numerous possible explanations for these inconsistencies, including faulty ratings,
inaccurate drainage areas, non-representative rainfall, improper rainfall gage location, etc. Rainfall
runoff information from selected locations is included in Tables 3-1 and 3-2.

The procedure followed in this evaluation included the following steps:

1) Development ofN-year 6- and 24-hour precipitation depths for the vicinity from
NOAA Atlas II, Volume VIII - Arizona. Table 3-3 summarizes these results.

2) Based upon this information, development of a critical duration storm for
production of peak and volume information. The conclusion, based upon inspection
of step 1 rainfall depths, was that most of the effective precipitation was contained
within the maximum 6-hour period. Hence, a local thunderstorm, patterned after the
1954 Queen Creek Storm (referred to by the Los Angeles District as the Greater
Arizona Standard Project Summer Thunderstorm), was used to generate hyetographs
for computation ofpeak arid volume runoff The 6- and 24-hour precipitation depths
were utilized to extend the 6-hour depth to 7-hours, the duration of the pattern storm.
The 7-hour precipitation depths are also contained in Table 3-3.

3) Rainfall-runoffmodeling (BEe-I) was used to estimate N-year peak discharges
and maximum 24-hour runoff volumes for an 8-drain sample of side drains. The
sample was selected arbitrarily to provide a wide range of drainage area sizes. Peak
discharges and 24-hour volumes for the 8-drain sample were regressed against
drainage area to provide a family offrequency curves from which values for the other
drains might be estimated. Because of the poor correlation between runoff
coefficients and effective rainfall, and the relatively small variance between regressed
discharge-drainage area curves, estimates for peak flow and volume were not
adjusted for varying runoffcoefficients. Consideration was given to modifying runoff
from the City of Tempe due to retention requirements. As considered appropriate,
adjustments to the "effective" drainage area, i.e. the area directly conducive to
surface runoff, were made.

4) Rainfall-runoffparameters were taken from previous Los Angeles District studies
in the Phoenix area. These parameters were modified to produce an N-year set of
discharge-frequency values (N = 2, 5, 10, 25, 50, and 100) which were equivalent to
results previously calculated for the large ADOT storm drains which collect runoff
upstream ofthe Papago Freeway (1-10) and convey that flow to the Salt River. The
modified parameters used to reproduce discharges for the ADOT drains were
generalized to the remaining drains in the 8-drain sample. Since the 7-hour rainfall
represented approximately 85% or more of the 24-hour rainfall depths, the runoff
volume resulting from simulation of the maximum 7-hour rainfall was considered to
be the maximum 24-hour runoff volume. The amount and intensity of rainfall during
the remaining 17-hours would not produce any significant additional runoff
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5) Annual runoffvolumes were estimated in two phases and then combined 
Integration of maximum annual runoff resulting from N-year

rainfall-runoff computations, and
Integration of partial duration runoff resulting from rainfall-runoff

computations ofevents more frequent than the 2-year event (average
annual maximum).

The first phase represents the runofffrom the series of annual maximum stonn events.
The second phase represents the runoff from events other than the annual maximum.
Combined, this provides a means ofestimating average annual runoff This procedure
was selected as an alternative to computing the average annual runoff based simply
upon the average annual rainfall and coefficient of runoff The latter process tends
to overestimate runoff potential. Attempts to exclude less intense storms from the
process were made in the reconnaissance study; however, data provided by the
FCDMC indicates that, because ofthe impervious cover, runoff occurs during rainfall
events ofvery low intensity. However, estimating the runoffvolume by applying the
runoffcoefficient directly to rainfall produces runoff greatly exceeding the observed
runoff. As a consequence, the full range of rainfall for frequent events (partial
duration) was evaluated.

•

3.3.2 Peak Discharges.

3.3 .2.1 Rainfall-nmoffParameterS-So The following values were taken from previous •
studies in the Phoenix vicinity and generalized to the 8-drain sample:

Basin n - .075 (urbanized areas below Grand Canal were assigned n-values up to
0.15.

Phoenix Valley S-graph

IS Re: ARIZONA CANAL DIVERSION CHANNEL, DREAMY DRAW TO CUDIA CITY WASH, ECONOMIC
ANALYSIS, FINAL, March 1987, Appendix 1, Hydrologic Analysis, US Army Corps ofEngineers, Los Angeles District.
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HEC Loss Rate (SPF computations):

DLTKR-1.0
STRKR- 0.38
RTIOL - 2.0
ERAIN - 0.0
RTIMP - Ranged from 20% U/S of Arizona Canal to 50% dis of
Arizona Canal.

These basic SPF parameters were modified as required to produce a consistent set of N-year
discharges. The following table portrays these modifications.

FLOOD FREQUENCY, years

100 50 25 10 5 2 <2

DLTKR 1.0 1.5 1.5 1.5 1.5 1.5 1.5

STRKR 0.38 0.60 0.75 0.8 0.8 0.8 0.8

RTIOL 2.0 2.0 2.0 2.0 2.0 2.0 2.0

ERAIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0

RTIMP(I) 100 67 50 33 33 33 33

(1) % of basin development as reflected in runoff coefficients. E.g., 100% indicates that
the actual weighted runoff coefficient for any subarea represented the relative amount of
impervious area. As intensity ofprecipitation decreases, the relative impact of
impervious cover may decrease ifnot directly connected to storm drain system. Hence
for more frequent events only 33% ofthe impervious area was considered to be
effective, i.e. the runoff coefficient was multiplied by 0.33 to determine the weighted
runoff coefficient.

3.3.2.2 Guide to Development ofN-year Discharges. Previous studies in the Phoenix vicinity
have resulted in the following relationships between Standard Project Flood (SPF) peak discharges
and N-year peak discharges:
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RATID OF SPFIN-year PEAK DISCHARGE

N-year flood N-year adjustmene6

SPF 100

100 45

50 32

25 21

10 12

NOTE:
No estimates for events <lO-year. Rainfall-nmoffparameters for events <10

years were set to the 10-year values.

•

3.3.2.3 Subarea Characteristics. Based upon City of Phoenix NPDES Maps and
previous studies, the following hydrologic characteristics were developed for the 8-drain sample.

SUBAREA
DA, L,mi LCMmi S, n

sq.mi. ft/rni(l) •SR-09 0.95 4.78 2.67 15 .075

SR-12 0.19 1.17 0.73 15 .075

SR-13 13.87 8.43 6.13 15 .075

SR-18 6.55 9.35 2.40 15 .075

SR-31 3.00 3.40 2.19 15 .075

SR-32 1.58 3.88 2.29 15 .075

SR-34 0.03 0.63 0.61 15 .075

SR-37 0.53 1.70 1.54 15 .075

(1) General slope of drainage area to Salt River, accounting for network of side
drains, is approximately 15 feet/mile.

16 Adjustment in % SPF
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3.3.2.4 Results. N-year peak discharges for each of the sample drains are presented
in Table 3-4. These results were plotted versus drainage area size and a set of N-year peak
discharge/drainage area curves was generated. To aid in providing a consistent set of relationships
and to enhance the range established, IBW values were also included. The resulting family of curves
(please refer to Figure 3-1) was then used to estimate peak flows for all ofthe remaining side drains
(see Tables 3-5A and 3-5B). Side drain capacity was estimated based upon general ground slope,
culvert size, and generalized flow characteristics for RCCP. This information is included in Tables
3-5A and 3-5B, in order to estimate the relative quantity of flow which may discharge to the project
reaches during significant local storms, and provide a range of discharges for design of localized
protection to the restored habitat. In general, discharges exceeding the 5-year peak flow would
exceed the discharge capacity for about half of the Phoenix Reach side drains. Many side drains to
the Tempe Reach are impacted by retention storage, and hence indicate an extremely high level of
protection compared to typical design ofstorm drains. Figure 3-2 shows a discharge capacity versus
pipe diameter rating curve developed from the available data.

3.3.3 Volumes.

3.3.3.1 N-year 24-hour RunoffVolume. Based upon hydrologic simulation ofN-year
events for the 8-drain sample, maximum 24-hour average discharges associated with the peak flow
rates were also determined. These N-year, 24-hour average discharges are displayed in Table 3-6.
In the same manner as for peak discharges, a set ofN-year, 24-hour discharge versus drainage area
curves was prepared (please refer to Figure 3-3). Utilizing these curves, N-year, 24-hour volumes
were estimated for each of the other side drains. These results are shown in Tables 3-7A and 3-7B.

3.3.3.2 Average Annual Runoff Volume. Average annual volume includes the
maximum volume from each year (annual exceedance series) as well as volume from lesser events,
referred to descriptively herein as partial duration events. The combination ofboth of these series,
averaged over N-years, provides an estimate of the average annual volume.

3.3.3.2.1 ANNuAL MAxIMuM RUNOFF. To estimate the annual runoff volume
from the annual exceedance series, the N-year, 24-hour runoff volumes generated from the 8-drain
sample and converted to ac-ft, were plotted versus a range of drainage area sizes between 0.02 and
100 sq.rni. (refer to Table 3-8 and Figures 3-4a through 3-4e), and subsequently integrated over the
range of probabilities. Table 3-9 summarizes the computations of annual maximum runofffor this
range of drainage area sizes.

3.3.3.2.2 ANNuAL PARTIAL DURATION RUNOFF. Little runoffwas expected
to occur during periods oflight rainfall. However, information obtained17 for three side drains to the
Salt River (designated as SR-03, SR-21, and SR-45) along with IE-08, a side drain to Indian Bend
Wash, indicate that runoff occurs throughout a full range of precipitation. For each of these drains,

17 Stonnwater Quality Report, December 1994 through Februarv 1996, for City ofPhoenix, Arizona, Volume II,
Stonn Hvdrographs, by FCDMC
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the FCDMC had generated hydrographs and hyetographs during a series of recent rainfall events.
From this information, the ratio of effective rainfall to incident rainfall was calculated. In all cases, •
this ratio is signillcantly less that the runoffcoefficient, but does not appear to be a function of rainfall
amount. To supplement these results, runoff from a small urbanized area which drains to the Salt
River (Salt River Tributary No. 218

) was also investigated. The results for both the FCDMC side
arains and Salt River Tributary NO.2 are similar and have been presented in Table 3-1 and 3-2. In
addition, the FCDMC informally provided corresponding information for an additional 12 sites.
While data for these sites confirmed the foregoing results, the information was of dubious
computational value since so much ofit was conflicting, i. e. the runoff exceeded the incident rainfall.
However, for five ofthose sites, the rainfall and runoff information was consistent, and confirmed the
results shown in Table 3-1 and 3-2.

Daily Precipitation for the Phoenix vicinity was readily available for the period from July 1948 - July
1995 on a CDROM19

. For the purpose of computing runoff volume, daily rainfall totals were
considered to be adequate. There is likely to be a seasonal variation in the intensity of rainfall and
conduciveness of the basin to absorb rainfall; however, seasonal effects were not factored into this
evaluation.

The daily precipitation records from the 1948-1995 period for the National Weather Service gage at
the Phoenix airport (Sky Harbor) were collected and analyzed. During this period there were 380
days20 when the precipitation equalled or exceeded 0.25 in. and 176 days when the precipitation
equalled or exceeded 0.50 in. The greatest annual precipitation occurred in 1993 (15.08 in.) and the
greatest annual amount ofprecipitation equalling or exceeding 0.50 in. per day was 9.42 in. in 1951. •
The average annual precipitation for the 38 complete years was 8.00 in. and the average annual
amount of precipitation exceeding 0.50 in. per day was 4.21 in. The maximum daily precipitation
listed was 2.70 inches on July 24, 1992. According to Sellars, et al, Arizona Climate, the First 100
Years, the highest daily precipitation value is 2.73 inches in August 1951. Table 3-10 presents daily
exceedances for threshold daily rainfall amounts as well as an average annual summary of the results.

Average annual precipitation in the Phoenix metropolitan area is 7.66 inches21
• The number of days

in which rainfall amounts exceeded a threshold value were determined for a range of daily rainfall

18 United States Geological Survey Gage number 09512180, period of record 1963-1965. The gage was located on
the left bank of the Salt River at the southwest corner of the Motorola, Inc. plant, 3 1/2 miles southwest of Scottsdale and
5.8 miles east ofPhoenix Post Office at that time. It may have been destroyed by the floods ofDecember 1965 and
January 1966.

19 Leased by the Los Angeles District from HYDROSPHERE ©

20 These numbers reflect the 38 years during which observations for each day were made. During other years the
record was incomplete and thus not used for computational purposes.

21 Source: National Weather Service, 30-year nonnal annual precipitation (1961-1990) @ Sky Harbor Airport.
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totals, from 0.1 inches to 2.7 inches (the maximum recorded rainfall event). The results are displayed
in Figure 3-5.

From Figure 3-5 discrete rainfall amounts for daily events between 0.0 inches and 1.2 inches22 were
selected. The selected rainfall amounts were 0.25 inches (380 exceedances or 10 per year), 0.50
inches (176 exceedances or 4.6 per year), 0.75 inches (110 exceedances or 2.9 per year), and 1.00
inches (58 exceedances or 1.5 per year). As indicated, the number of these exceedances
(occurrences) for each interval was divided by 38 to compute the average annual number of
exceedances. Simulated runoff hydrographs for each of these rainfall interval amounts were
generated using the HEC-l model for the 8-drain sample with 2-year rainfall-runoff parameters.
Twenty-four hour runoff volumes for each rainfall event are shown in Table 3-11. Average annual
runoff volumes for the rainfall intervals were then computed by multiplying the end-of-interval
volume by the "average" or representative number of annual exceedances in the interval (please refer
to Table 3-12). The annual volume of runoff from the 8-drain sample for events more frequent than
the 2-year event, i.e. smaller than, was regressed against drainage area size and an approximate curve
was generated (refer to Figure 3-6). The average annual runoff volume curve for the 8-drain sample
computed previously (refer to Table 3-8 and Figures 3-4a through 3-4e) was combined with this
relationship to develop a combined average annual runoff curve (refer to Figure 3-7). The combined
curve was used to estimate average annual runoff for all the side drains, and the results included in
Table 3_7.23 In general, average annual runoff volumes amount to between 15 and 20 % of the
incident rainfall, or between 1 and 1. 5 inches per year.

Based upon previous studies ofurban runoff, impervious cover becomes less efficient for less intense
storms, especially when the impervious cover is not directly connected to a storm drain system. To
account for this, studies conducted in the Los Angeles Drainage Area (in highly urbanized locales
with slopes much greater that the Phoenix area, thus more conducive to production of runoff) a
relationship comparing the percentage of effective impervious area to total impervious area was
developed. This relationship indicated that an impervious area of 50% would have an effective
impervious area of35%. Applying this proportion to the amount of annual runoff-producing rainfall
(events exceeding 0.1 0 inches/day) results in an estimated excess of approximately 1 inch in the
Phoenix metropolitan area, a comparatively consistent result.

22 The 6-hour, 2-year, point precipitation depth for Phoenix vicinity is 1.2 inches. The 2-year frequency event may
be considered as the average annual maximum event. Hence any 6-hour event <1.2 inches would be expected to occur
more than once a year, on the average. Runofffrom such events has been categorized as "partial duration" runoff

23 Side drains in the vicinity of the Tempe Reach are impacted by retention storage. In several instances, the
effective drainage area was reduced to account for this factor. The runoff coefficient for the 8-drain sample averaged
about 0.44 or 44% (refer to Tables 1-2 and 3-4). In some instances, the runoff coefficient for side drains to the Tempe
Reach was much lower; in other instances, the coefficients greatly exceeded this amount. For those cases, the effective
area was decreased or increased proportionally.
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TABLE 3-1. SUMMARY OF SELECTED RAINFALL RUNOFF INFORMATION FOR
PHOENIX SIDE DRAINS(l)

I
SIDE DRAIN ID

ISR-03 I SR-21 I SR-45 I IB-08

FLOOD

I
SIDE DRAIN AREA, sq mi

IEVENT
PARAMETER I I I2.90 0.98 1.24 0.95

RUNOFF COEFFICIENT

0.45 0.90 0.50 0.85

5Dec94 Rainfall 0.40 0.84

Runoff 8.0 4.5

%Effective 12.9 42.6

4Jan95 Rainfall 0.40 0.45 0.40

Runoff 8.2 13.7 8.5

%Effective 13.3 58.2 41.9

25Jan95 Rainfall 0.10 0.20

Runoff 5.78 5.00

%Effective (IlOP) 49.3

6Mar95 Rainfall 0.84

Runoff 19.7

%Effective 46.3

11Mar95 Rainfall 0.08 0.16

Runoff 1.4 4.4

%Effective 11.3 54.3

1IJul95 Rainfall 0.06

Runoff 0.6

%Effective 19.7

11Aug95 Rainfall 0.11

Runoff 1.73

%Effective 31.0

14Aug95 Rainfall 0.16 1.0

Runoff 0.6 1.5

%Effective 4.1 2.3

19Aug95 Rainfall 0.09 0.26 0.26 0.16

Runoff 1.0 11.4 1.2 2.5

%Effective 7.2 83.9 7.0 30.8
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TABLE 3-1. continued

• SIDE DRAIN ID

SR-03 SR-21 I SR-45 ffi-08

FLOOD SIDE DRAIN AREA, sq mi

EVENT PARAMETER I2.90 0.98 1.24 0.95

RUNOFF COEFFICIENT

0.45 0.90 0.50 0.85

7Sep95 Rainfall 0.16

Runoff 1.5

%Effective 6.1

27Sep95(3) Rainfall 0.94 0.25 0.25 0.30

Runoff 14.8 11.l 1.4 22.0

%Effective 10.2 84.9 8.5 (144.7)(2)

1Nov95 Rainfall 1.30 0.80 0.85

Runoff 18.8 22.5 1.8

%Effective 9.4 53.8 3.2

• 1Feb96 Rainfall 0.22 0.16 0.16 0.02

Runoff 4.6 2.3 0.27 5.5

%Effective

NOTES:
Rainfall depths in inches.
Runoffvolumes in ac-ft.
Runoff coefficients taken from Tables 1-1 and 1-2 of this report.

(I) STORMWATER OUALITY REPORT, December 1994 through Februarv 1996, for City ofPhoenix, Arizona,
Volume II, Storm Hydrographs, by Flood Control District of Maricopa County.
(2) Impossible outcome. Apparently the precipitation amount is too low.
(3) Storm occurred durin the ni t of 27S t/mornin of 28S t.

•
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TABLE 3-2. SUMMARY OF SELECTED RAINFALL RUNOFF INFORMATION FOR •
PHOENIX SIDE DRAINS - SALT RIVER TRIBUTARY 2

SALT RIVER TRIB 2 @ PHOENIX

DRAINAGE AREA = 0.04 sq mi

RUNOFF COEFFICIENT = 0.80(1)

DATE PARAMETER DATE PARAMETER

Aug 1963 Rainfall 2.29 Apr 1964 Rainfall 0.15

Runoff 2.7 Runoff 0.04

%Effective 55.3 %Effective 12.5

Sep 1963 Rainfall 0.22 May 1964 Rainfall 0.02

Runoff 0.2 Runoff 0.00

%Effective 42.6 %Effective 0.0

Oct 1963 Rainfall 1.46 Jun 1964 Rainfall 0.00

Runoff 2.0 Runoff 0.00

%Effective 64.2 %Effective NA

Nov 1963 Rainfall 0.91 Ju11964 Rainfall 0046

Runoff 0046 Runoff 1.2

%Effective 23.7 %Effective (122)(2)

Dec 1963 Rainfall 0.00 Aug 1964 Rainfall 1.69

Runoff 0.0 Runoff 2.0
-

%Effective NA %Effective 55.5

Jan 1964 Rainfall 0.15 Sep 1964 Rainfall 2.08

Runoff 0.24 Runoff 2.9

%Effective 75.0 %Effective 6504

Feb 1964 Rainfall 0.00 Oct 1964 Rainfall 0.17

Runoff 0.00 Runoff 0.08

%Effective NA %Effective 22.1

Mar 1964 Rainfall 0.55 Nov 1964 Rainfall 0048

Runoff 0.32 Runoff 0.30

%Effective 27.3 %Effective 29.3

Dec 1964 Rainfall 0.93 Apr 1965 Rainfall 1.62

Runoff 0.54 Runoff lAO

%Effective 27.2 %Effective 40.5

•

•
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• TABLE 3-2. (continued)

SALT RIVER TRIB 2 @PHOENIX

DRAINAGE AREA = 0.04 sq mi

RUNOFF COEFFICIENT = 0.80(1)

DATE

Jan 1965

Feb 1965

Mar 1965

PARAMETER

Rainfall 1.54

Runoff 1.00

%Effective 30.4

Rainfall 1.20

Runoff 1.60

%Effective 62.5

Rainfall 1.36

Runoff 1.90

DATE

May 1965

Jun 1965

Jull965

PARAMETER

Rainfall 0.15

Runoff 0.12

%Effective 37.5

Rainfall 1.20

Runoff 1.20

%Effective 46.9

Rainfall 0.50

Runoff 0.02

•

•

NOTES:
Rainfall depths in inches. Source: National Weather Service Gage at Sky Harbor Airport
Runoffvolumes in ac-ft. Source: USGS Water Supply Paper for Arizona, 1964.
The data presented is from a discontinued USGS gage which, according to USGS notes, was located on the left bank
of the Salt River at the southwest comer of the Motorola, Inc. plant, 31/2 miles southwest of Scottsdale and 5.8 miles
east ofPhoenix Post Office at that time. It may have been destroyed by the floods of December 1965 and January
1966.

(1) Additional anecdote in USGS Water Supply Paper for Arizona, 1964.
(2) 1m ossible outcome. A arentl the reci itation amount is too low.
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TABLE 3-3. POINT PRECIPITATION-DURATION-FREQUENCY VALUES FOR •
PHOENIX VICINITY

POINT PRECIPITATION DEPTH, inches(l)
FREQUENCY, yrs

7-hour duration(2)6-hour duration 24-hour duration

2 1.2 1.23 1.4

5 1.7 1.75 2.0

10 2.0 2.05 2.3

25 2.3 2.38 2.8

50 2.7 2.78 3.2

100 3.1 3.22 3.8

SPS 6.36(3)

(1) Source: NOAA Atlas II, Volwne VIII-Arizona

(2) Interpolated value based upon 6-hour and 24-hour values

(3) Central Value: SPS Duration = 7 hours - Greater Arizona Standard Project Swnmer Thunderstorm.

•

•
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TABLE 3-4. PEAK DISCHARGE-FREQUENCY VALUES FOR 8-DRAIN SAMPLE

Subarea Drainage Peak Discharge, ft?/s
Area, mi2

SPF 100-yr 50-yr 25-yr lO-yr 5-yr 2-yr

SR-09 0.95 1050 508 360 253 178 138 71

SR-12 0.19 420 200 145 103 74 56 26

SR-13 13.87(1) 8230 3730 2420 1580 1050 766 295

SR-18 6.55 5630 2685 1850 1266 865 661 314

SR-31 3.00 3460 1560 1050 703 623 370 148

SR-32 1.58 1850 862 594 409 292 221 100

SR-34 0.03 73 37 27 20 14 11 5

SR-37 0.53 872 400 278 192 137 102 43

NOTE:
The subareas referred to were arbitrarily selected from City ofPhoenix NPDES summary prepared by Woodward-Clyde

Consultants, and dated November 11, 1992. The subarea numbers are designations of outfalls to the Salt River in the
vicinity of the Phoenix Reach. This 8-drain sample provided a range of drainage area sizes and locations, the hydrologic
information for which was used to develop an estimation procedure for all outfalls to the Salt River in the project reach.
Discharges for each frequency flood were computed using HEC-I, n-year 7-hour precipitation distributed according to the
Queen Creek 1954 thunderstorm pattern, with basin parameters defmed from City ofPhoenix NPDES maps.

(1) Actual contributing drainage area may be greater. The area shown was based upon City ofPhoenix NPDES Permit
summary information, and is consistent with studies performed by the COE for this area.
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TABLE 3-5A. PEAK DISCHARGE-FREQUENCY VALUES FOR SIDE DRAINS - TEMPE REA

SUBAREA

SR-08(3)

SR-09

SR-ll(5)

2.87

0.12/0.02

1.04/0.52

54

30

36

66

850

14

200

.':':':::::'.':'.':'

560 350

10 8

140 100

SR-12 1. 53(6) 18 ft 535 345 225

IB-01 0.0006 42

IB-02 0.03 36

IB-03 0.04 42

IB-04 0.001 36

IB-05 0.10 48

IB-06 0.02/0.04 48

IB-07 0.002 48

IB-08 0.04/0.08 2x36

IB-09 0.03/0.06 54

IB-10 0.09 42

IB-11 0.006 36

IB-l2 0.01 48

37

17

31

25

34

28

13

23

19

26

14

6

12

9

13

55

38

55

38

38

80

NOTES:
Discharges developed from generalized discharge vs. drainage area curves for n-year frequency runoff.
Shaded areas indicate approximate frequency or range offrequencies equivalent to drain capacity.
No data generated for areas considered too small due to size or on-site retention storage.

(I) Where 2 drainage areas are shown, the 1st is the total area, the 2nd is the effective area based upon runoff coefficient
comparison to 8-drain sample (average for 8-drain sample, 0.44).
(2) Capacity estimated from pipe discharge vs. pipe diameter rating curve developed for nominal sizes.
(3) Future relocation ofDorsey Lane storm drain. Estimated runoff expected to be reduced when relocated.
(4) Future runoff from this drainage area expected to be reduced.
(5) Not connected yet. Contributing drainage area not yet determined.
(6) Contributing drainage area is more than shown, but unknown at the time of this report. The area shown is from City of
Tempe NPDES Permit summary.
(!) Actual ca aci less, since this is a forced drain, i.e. 0 erates under ressure.
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TABLE 3-5B. PEAK DISCHARGE-FREQUENCY VALUES FOR SIDE DRAINS -PHOENIX
REACH

30

190

661

40

280

800

865

:;::::;:::::::::::;:;

900 }f:::::::::::::::SOO:{

50

1300

1266

72

900

1850

,", .:.:. ':';".' :::::::.:.: ...

800::::r:rm~r: :::::::::::r::r:~Qt

2685

200 145

1560

862

850

37

1600 1100 800

1100 850 600

400 278 192

1050 800 590

2500 1800 1400

:;:;: .".;. ::{:::::::::::::~:::::::::::'

:::::::::::::::I$.$PP:::: 1700

.;. :::; :::::;.:::.;.:::::::::;:::::::::::::;::.;.;.-

,t- r--__p_ET'"A_K_D_I,;,..s_CTHA_R_G_E-',:...t'f"T"""/s__.......,. nilll:i:i:111(11.1.1111111111:.

)':')))(.:·1t,M/:/
SUBAREA

DA,
mi2

SR-07 0.99 54

SR-08 5.69 96

SR-09(2) 0.95 81

SR-I0 1.55 54

SR-ll 0.05 30

SR-12(2) 0.19 42

SR-13(2) 13.87 21 (ft)

SR-14 0.04 36

SR-15 1.93 84

SR-16 0.11 54

SR-17 1.17 96

SR-18(2) 6.55 66

• SR-19 4.35 21 (ft)

SR-20 5.59 84

SR-21 1.00 90

SR-31 (2) 3.00 72

SR-32(2) 1.58 72

SR-33 1.32 66

SR-34(2) 0.03 15

SR-35 2.61 72

SR-36 1.90 72

SR-37(2) 0.53 36

SR-38 1.86 72

SR-39 4.66 96

•

•
NOTES:
Discharges developed from generalized discharge vs. drainage area cW"Ves for n-year frequency runoff.
Shaded areas indicate approximate frequency or range of frequencies equivalent to drain capacity.

(I) Capacity estimated from pipe discharge vs. pipe diameter rating cW"Ve developed for nominal sizes.
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TABLE 3-6. lWENTY-FOUR-HOUR AVERAGE DISCHAR~E-FREQUENCYVALUES FOR8.
DRAIN SAMPLE

Subarea Drainage Twenty-four-hour Average Discharge, ft3/S

Area, mi2
SPF 100-yr 50-yr 25-yr 10-yr 5-yr 2-yr

SR-09 0.95 147 71 48 33 23 18 9

SR-12 0.19 28 13 9 6 4 3 2

SR-13 13.87 1730 774 491 318 207 153 63

SR-18 6.55 937 446 296 199 132 102 51

SR-31 3.00 391 173 112 73 69 38 15

SR-32 1.58 222 103 68 45 32 24 11

SR-34 0.03 4 2 1.4 0.9 0.6 0.5 0.3

SR-37 0.53 73 33 22 14 10 8 3

NOTE:
The subareas referred to were arbitrarily selected from City ofPhoenix NPDES summary prepared by Woodward-Clyde
Consultants, and dated November 11, 1992. The subarea numbers are designations of outfalls to the Salt River in the
vicinity of the Phoenix Reach. This 8-drain sample provided a range of drainage area sizes and locations, the hydrologic
information for which was used to develop an estimation procedure for all outfalls to the Salt River in the project reach.
Discharges for each frequency flood were computed using HEC-l, n-year 7-hour precipitation distributed according to the
Queen Creek 1954 thunderstorm pattern, with basin parameters defined from City ofPhoenix NPDES maps.

•
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TABLE 3-7A. TWENTY-FOUR HOUR VOLUME-FREQUENCY AND AVERAGE ANNUAL RUNOFF
VOLUMES FOR SIDE DRAINS - TEMPE REACH

SUBAREA DA(ll, mil

SR-08

SR-09

SR-IO

SR-l1(3l

SR-12

2.87

0.12/0.02

1.04/0.52

1.53

54

30

78

66

18 ft

340

2.6

60

198

258

1.8

46

139

149

1.2

30

89

105

0.8

20

60

61

0.6

15

40

34

0.4

8

20

210

1.7

43

125

218

44

75

377

5550

IB-Ol 0.0006 42 109

IB-02 0.03 36 75

10-03 0.04 42 109

IB-04 0.001 36 75

IB-05 0.10 48 12 9.1 5.8 4.0 3.2 1.7 8.0 159

IB-06 0.02/0.04 48 4.8 3.6 2.4 1.5 1.2 0.7 3.3 159

IB-07 0.002 48 159

IB-08 0.04/0.08 2x36 9.9 7.3 4.6 3.2 2.6 1.4 6.6 150

IB-09 0.03/0.06 54 7.3 5.4 3.5 2.5 1.8 1.0 5.0 218

IB-I0 0.09 42 11 8.1 5.2 3.6 2.6 1.6 7.1 109



TABLE 3-7A. continued

PIPE TWENTY-FOUR HOUR VOLUME, ac-ft AVERAGE Estimated Capacity,
SUBAREA DA(I), mil

SIZE,in ANNUAL ac-ft(1)
lOO-vr 50-vr 25-vr lO-vr 5-vr 2-vr H Nillfif ,,,'_ft

IS-II 0.006 36 15

IS-12 0.01 48 159

NOTE:
N-year runoff volwnes developed from generalized discharge vs. drainage area curves for n-year frequency I-day runoff.
average annual runoff volwnes developed from average annual runoff volume vs. drainage area curves.
No data generated for areas considered too small due to size or on-site retention storage.

(I) Where 2 drainage areas are shown, the 1st is the total area, the 2nd is the effective area based upon runoff coefficient comparison to 8-drain sample (average for 8-drain
sample, 0.44).
(2) Twenty-four hour capacity (volume) estimated from pipe discharge vs. pipe diameter rating curve developed for nominal sizes. Figure represents the volume if flowing
full for I-day. Total 24-hour volwne expected to reach the Salt River.
(}) Not connected yet. Contributing drainage area not yet determined.
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TABLE 3-7B. TWENTY-FOUR HOUR VOLUME-FREQUENCY AND AVERAGE ANNUAL RUNOFF VOLUMES FOR SIDE
DRAINS - PHOENIX REACH

DA, PIPE TWENTY-FOUR HOUR VOLUME, ac-ft AVERAGE Estimated Capacity,SUBAREA
mi1 SIZE, in ANNUAL RUNOFF, ac-ft(l)

lOO-yr 50-yr 25-yr lO-yr 5-yr 2-yr lu,_ft

SR-07 0.99 54 121 97 60 42 30 15 80 218

SR-08 5.69 96 645 476 298 198 119 54 440 992

SR-09(1) 0.95 81 141 95 65 46 36 18 79 595

SR-IO 1.55 54 198 139 91 60 40 20 130 218

SR-l1 0.05 30 6.0 4.6 3.0 2.0 1.6 0.9 4 44

SR-12(1) 0.19 42 26 18 12 7.9 6.0 4.0 16 109

SR-13(1) 13.87 21 (ft) 1535 974 631 411 303 125 900 6940

SR-14 0.04 36 4.8 3.6 2.4 1.5 1.2 0.7 3.2 75

SR-15 1.93 84 258 176 109 77 50 26 160 694

SR-16 0.11 54 13 10 6.1 4.4 3.6 1.9 8.5 218

SR-17 1.17 96 145 109 69 48 32 17 100 992

SR-18(1) 6.55 66 885 587 395 262 202 101 500 377

SR-19 4.35 21 (ft) 536 377 238 159 97 24 350 6940

SR-20 5.59 84 654 466 298 198 137 54 420 694

SR-21 1.00 90 123 97 60 42 30 16 82 813

SR-31(1) 3.00 72 343 222 145 137 75 30 240 476

SR-32(2) 1.58 72 204 136 89 63 48 22 135 476

SR-33 1.32 66 159 119 76 53 34 18 110 377



TABLE 3-7 B. continued

DA, PIPE TWENTY-FOUR HOUR VOLUME, ac-ft AVERAGE Estimated Capacity,
SUBAREA

mi2 SIZE,in ANNUAL RUNOFF, ac-ft(l)
lOO-yr 50-yr 25-yr lO-yr 5-yr 2-yr ,,,'_ft

SR-34(2) 0.03 15 4.0 2.8 1.8 1.2 1.0 0.6 2.5 36

SR-35 2.61 72 327 228 139 99 60 31 200 476

SR-36 1.90 72 238 159 105 75 46 26 155 476

SR-37(2) 0.53 36 65 44 28 20 16 6.0 44 77

SR-38 1.86 72 228 155 99 73 45 24 150 476

SR-39 4.66 96 555 397 258 161 99 48 370 992

NOTE:
N-year runoff volumes developed from generalized discharge vs. drainage area curves for n-year frequency I-day runoff.
average annual runoff volumes developed from average annual runoff volume vs. drainage area curves.

(I) Twenty-four hour volume estimated from pipe discharge vs. pipe diameter rating curve developed for nominal sizes. Total 24-hour volume expected to reach the Salt
River.
(2) Twenty-four hour capacity (volume) estimated from pipe discharge vs. pipe diameter rating curve developed for nominal sizes. Figure represents the volume if flowing
full for I-day. Total 24-hour volume expected to reach the Salt River.

• • •



DRAINAGE AREA, sq. mi.• TABLE 3-8. MAXIMUM 24-HOUR RUNOFF VOLUME DETERMINATION

ANNUAL
EXCEEDANCE 0.02 0.10 1.00 10.0 100
PROBAB~ITY(l) ; :.:.:.;.;.; :-;.;.; :.:.:-.-:.;.;.:-:-: :-:.. -:.;.:.;.. -:-:.: :.: -: :- ..: : -:.:-:-: -.. -:- : :> .

····RXmnlt4flomI1WO:EF¥anUMF5~i~;ft::t

splf<2>

0.01

0.02

0.04

0.10

0.20

0.50

5.0 26 320 3100 19,000

2.4 12 120 1200 7700

1.8 9.3 97 790 4800

1.2 5.8 60 500 2800

0.8 4.0 42 340 1200

0.6 3.3 30 190 560

0.4 1.7 15 83 200

•

•

(1) Indicates the probability that 24-hour runoff volwne will be equalled or exceeded in a given year.
(2) SPF frequency assigned to be 500-yrs, or .002 % chance ofbeing exceeded in any year.
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TABLE 3-9. DETERMINATION OF AVERAGE ANNUALR~OFFVOLUMES FROMANNU~
MAXIMUM RAINFALL-RUNOFF SIMULATION - SIDE DRAINS TO SALT RIVER,PHOE~
VICINITY

PROBABILITY
RANGE(1)

0.0 - 0.1 1.4 7.0 70 600 3000

0.10 .14 .70 7.0 60 300

0.1 - 0.2 0.70 3.6 36 260 800

0.10 .07 .36 3.6 26 80

0.2 - 0.3 0.56 3.0 27 180 500

0.10 .06 .30 2.7 18 50

0.3 - 0.4 0.50 2.5 22 140 400

0.10 .05 .25 2.2 14 40

0.4 - 0.5 0.50 2.0 17 100 300 •0.10 .05 .20 1.7 10 30

0.5 - 1.0 0.20 0.80 7.0 40 100

(1) The number in parentheses is the difference in range, which is used to weight the volume ofrunoff in each interval.
(2) Sum of wei ted annual volume ofrunoff for each robabili interval.
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• TABLE 3-10. ESTIMATION OF ANNUAL PRECIPITATION CONTRIBUTING TO SIDE DRAIN
RUNOFF

YEAR(l)
NO. OF DAYS OF

PRECIP ~
ANNUAL PRECIP, inches

0.25 in 0.50 in 1.00 in Year ~ 0.25(3) ~ 0.50(3) ~ 1.00(3) Maximum

•

::/::: /: / :./.:: ::... 1::::>::::::··..·:··/::/':··[·······:········..·:·······: / ,/ : :./..:.......: :: /.: :: --:~... : / : :: ·::··l::····:::···..·/.. ///··:·····::····: ..·-:·······:..·· : :/ : : : ,....../..: /
...·/.·····:..{Sf48>··:.·····..··· .: : "4- : [ : /::./:.2:..,..: / ·····::· ..::··.q.,Q'O:.····:::..···:::··/.··/·NA···:.·· / :: :: "l-:$-I>.:../ :./: :.····k27:..·····:.. ··· ..··· ..·..·:../0:00..····:..····· ·····>/..·/::~A· .. ·././

1949 10 3 0.00 6.24 4.04 1.89 0.00 0.74

1950 4 3 0.00 3.96 2.41 2.05 0.00 0.75

1f--_1_95_1_......H 13_.....;...;;;.;.t--__--it--__12_.8_2-t-__10_.3_6---+"'1=.=o;-'--~ij...;..;;..;i.__1._19--t-__......2.......4....;.3-i1

1952 15 5 2 11.06 8.04 4.. 94 2.20 1.16

1953 3 0.00 0.00 2.85 1.10 0.00 0.00 0.48

1954 5 2 0.00 4.66 2.12 1.18 0.00 0.63

1955 10 8 2 11.08 8.81 8.03 3.95 2.00

1956 5 3.33 2.56 1.00 1.00 1.00

1957 10 3 0.00 7.62 4.85 2.27 0.00 0.85

1958 10 5 3 8.90 6.80 5.97 4.53 2.15

1959 9 6 7.83 5.36 4.49 1.39 1.39

1960 7 2 0.00 4.94 3.49 1.49 0.00 0.90

1961 8 3 5.78 4.08 2.33 1.15 1.15

1962 5 0.00 4.71 2.48 0.94 0.00 0.94

1963 10 4 7.26 5.51 3.39 1.46 1.46

1964 9 2 1 6.68 4.65 2.41 1.47 1.47

1~---:;1..::..96;;:.;;5:....----l~----.,;1....;.7_+_-- ......7~_=..:..--iIr-__13_.5_4-t-__9_.9......5--+-__......6.......8......5-+-_......5.......53--t- l_.2_0-i1

1966 9 3 7.10 5.96 3.97 2.69 2.69

1967 12 6 3 9.79 8.88 6.77 4.04 1.77
1::·::::/:··············:·:···:::·.. f::::::·::::::·/·/:::····::···· ·.· ..····· ..····>·---:..·..·::.. ···: ·..1..····.····.·/:..·/:../.: :../ 1::::·..·::::/·:···/':··/::·····:::····[·······:·······: //..:.--:::: ::::.. 1:::·..··:::·····:···/·/:·····:···/--:<·..:.······:/··:·../:· : :....-:/..: /:./..: : : :: :/

..· .. ··:..19(18': ..···: .. /··:..···/9..··:..·· ... ··..··:/:.. ··)·:.. ·· ..····: [./.·..·:...0.,0.0·: ··:..·····:..·····:..·····:.NA/·:..···· ...···I..··· ..····:..··~.;·t4:./·: ..·· .... ! ..···.····:..·(V~r.···: ..····/ //....-(},{)o .. ··': ··· ./·../:...···NA../../ ... ·

[:::::.:::::·:::::j:Qji::::·.:::::·:::::::·::::::::.:::::::::7::::::::':::::::::::::::'::::::::::4:::::':::::·:::::'.1:::::::.:::::::::::;:::::::::::::::.::: I:::::::::::::·:::::~~:·:::::":::::::·:I::::·::::: ..::::::·:~~~~:::::::::::.:::::!:::::::::··:::::.~::~i::::·:::::::··::::::·::::::::::·:i:o§:::::::::.:<:::::::::::: ::::~£::.:::::::::::::::'.::

1973 11 4 0.00 6.20 4.99 2.25 0.00 0.61

1974 10 7 3 9.54 7.38 6.28 3.58 1.30

1975 6 2 0.00 4.51 2.95 1.48 0.00 0.80

1976 11 5 6.92 5.73 3.64 1.01 1.01

• 1977 3 0.00 3.22 1.56 .50 0.00 0.50

1978 19 8 0.00 13.17 11.17 6.60 0.00 1.24
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TABLE 3-10. continued

1979

1980

NO. OF DAYS OF
ANNUAL PRECIP, inches

PRECIP ~

0.25 in 0.50 in 1.00 in Year ~ 0.25lJ) ~ 0.50lJ) ~ 1.00lJ) Maximum

7 4 2 7.30 5.45 4.41 3.16 1.98

10 0.00 5.83 3.86 .70 0.00 0.70

1981 12 7 0.00 7.48 6.70 5.00 0.00 0.96

1983 11 7 4 12.50 9.30 7.40 5.11 1.61

1984 16 9 4 14.43 11.81 9.34 5.91 2.44

1986

1987

1988

10

10

8

3

6

5

7.36

7.96

7.02

4.56

6.38

5.99

2.32

4.73

4.93

1.18

1.03

2.09

1.18

1.03

2.09

1989 7 6 2 6.62 5.95 5.65 2.75 1.60

1991 14 7 2 10.02 8.26 5.82 2.43 1.40

1992 16 7 :.. 8.12~
1993 9 8.81 5.84 2.24

1994 7 4 0.00 4.96 3.66 2.55 0.00 0.86
I· ·· :.. ·.... / /./. v · ··. / / 1··:/ ··..·. / / I":.""''''' / / / :./..: / / : : 1/ ..: ·/ / / ..., :: L,/·.""""··. / ..' ,/ / / / / ..., / .
1::::""",,·:/·f9§S:"":>:.·/: l:::"'::"""2'::::::":::::":: 1>·/::··O::OO::::>::::··::::I·::··:.··:O:·6Q.::>:::>:::::::>:.····::·..NA>::::>:./·: 1>::/·::/·::o;:sf··:::::· ···C..·· ....··:.....·:6:6Q.::>::::>:::::·· >::::>:O·;06:·..::>::··::::,/:::::··:: ..~A::··:::::·> :::

SUBTOTALS

(1) Data taken from National Weather Service Gage at Phoenix Airport.
(2) Results apply to the 38 complete years only. When precipitation for year is incomplete, NA is indicated in columns below,
and/or the subtotals reflect only complete year results.
(3) Annual total precipitation for days when rainfall equalled or exceeded given amount.

•
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• TABLE 3-11. TWENTY-FOUR-HOURAVERAGE PARTIAL DURATION(l) VALUES FOR
8-DRAIN SAMPLE

Twenty-four Hour Precipitation Depth, inches

SUBAREA
DRAINAGE
AREA, mi2 0.25 0.50 0.75 1.00

•

•

SR-09 0.95 2.5 5.1 8.0 12

SR-12 0.19 0.4 0.8 1.2 2.1

SR-13 13.87 20 41 61 85

SR-18 6.55 17 33 50 74

SR-31 3.00 3.2 6.4 8.4 18

SR-32 1.58 2.5 5.1 8.0 15

SR-34 0.03 0.1 0.1 0.2 0.3

SR-37 0.53 0.6 1.1 1.7 3.7

NOTE:
The subareas referred to were arbitrarily selected from City ofPhoenix NPDES summary prepared by
Woodward-Clyde Consultants, and dated November 11, 1992. The subarea numbers are designations of
outfalls to the Salt River in the vicinity of the Phoenix Reach. This 8-drain sample provided a range of
drainage area sizes and locations, the hydrologic information for which was used to develop an estimation
procedure for all outfalis to the Salt River in the project reach. Data was derived using HEC-I simulation
procedures identical to those employed for 2-year runoff

(1) Data presented in this table is for events more frequent than the 2-year event.
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TABLE 3-12. ANNUAL AVERAGE PARTIAL DURATION(l) RUNOFF FOR 8-DRAIN •
SAMPLE

Twenty-four Hour Precipitation Depth,

Annual No. ofInterval Occurrences
SUBAREA

DRAINAGE
AREA, mi2

0.50 in

10

1.00 in

2.9

~ANNUAL

RUNOFF
VOLUME, ac-ft

SR-09 0.95 51.0 34.8 85.8

SR-12 0.19 8.0 6.1 14.1

SR-13 13.87 410 246 656

SR-18 6.55 330 215 545

SR-31 3.00 64.0 52.2 116.2

SR-32 1.58 51.0 43.5 84.5

SR-34 0.03 1.0 .9 1.9

SR-37 0.53 11.0 10.7 21.7 •NOTE: .
The subareas referred to were arbitrarily selected from City ofPhoenix NPDES summary prepared by Woodward

Clyde Consultants, and dated November 11, 1992. The subarea numbers are designations ofoutfalls to the Salt
River in the vicinity of the. This 8-drain sample provided a range of drainage area sizes and locations, the
hydrologic information for which was used to develop an estimation procedure for all outfalls to the Salt River in the
project reach. Data was derived using HEC-l simulation procedures identical to those employed for 2-year runoff.

(1) Data presented in this table is for events more frequent than the 2-year event.
(2) Volumes based on product of average no. of events per year in the each interval, times the 24-hour runoff volume
resulting from the designated precipitation.

•
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IV. WATER QUALITY ANALYSIS

The purpose ofthis Chapter is to describe, based on existing data, surface and groundwater quality
in the Rio Salado project study area. The Rio Salado study area is defined to be the area in the
vicinity of the Gila River from the confluence with the Agua Fria River, upstream through the City
ofPhoenix to the eastern boundary of the City ofTempe. The study area is shown on Figure 1-2.

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

In summary, this investigation found that there are significant surface and groundwater quality
problems in the study area. The quality ofurban storm runoff from the Phoenix metropolitan area
is highly variable, but is generally ofpoor quality and frequently exceeds water quality standards for
bacteria, pesticides, petroleum products, metals, and nutrients. The quality of this urban runoff is
summarized in Tables 4-4 and 4-5. Much of the shallow groundwater in the vicinity ofthe western
part ofthe project has elevated levels ofTDS, chloride, and nitrate and areas ofhigh and low levels
ofvolatile halocarbons are present in many areas. These areas were located and are shown on Plates
4-1 through 4-5 of the main report.

4.1 WATER QUALITY CRITERIA

The Environmental Protection Agency (EPA) and the State ofArizona have established water quality
criteria which vary for parameters depending on the designated use of the water. Uses fall into one
ofthe following categories:

Designated Uses

•

A&Wc
A&We

A&Wedw

A&Ww

AgL

AgI

DWS

FBC

PBC

FC

WTP

WWTP

Aquatic and Wildlife (cold water fishery)
Aquatic and Wildlife (ephemeral)

Aquatic and Wildlife (efiluent dominated water)

Aquatic and Wildlife (warm water fishery)

Agricultural Livestock Watering

Agricultural Irrigation

Domestic Water Source

Full Body Contact

Partial Body Contact

Fish Consumption

Water Treatment Plant

Waste Water treatment Plant
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Arizona has established designated uses for navigable waters within the Rio Salado study area •
including the Salt River and Indian Bend Wash. Designated uses for these streams include partial
body contact, fish consumption, aquatic and wildlife categories, and agricultural categories. These
uses by stream reach are shown below in Table 4-1. Criteria for selected parameters are summarized
in Table 4-2. For some parameters the water quality criteria are determined from characteristics of
the water source. For example, the ammonia criteria is a function of designated use, water
temperature, and pH. For several metals, the criteria for aquatic and wildlife uses is based on
designated use and water hardness (measured as CaC03) and must be computed with an equation
with water hardness as an input variable. The equations needed to calculate the criteria for these
metals and criteria for other parameters not shown in Table 4-2 are contained in Arizona
Administrative Code (ADEQ), Title 18, Ch. 11, Appendix A.

4.2 SURFACE WATER QUALITY

This Section describes the quality ofsurface water in the Rio Salado Study area. Sources of surface
water include runofffrom the Salt River and Indian Bend Wash watersheds, urban storm runoff from
the Cities ofTempe and Phoenix, and sewage effluent from municipal waste water treatment plants.

Water supply for the City ofPhoenix is 5% from local ground water, 20% from Central Arizona
Canal (CAP) at Union Hills, and 75% Salt River Project (SRP) and Verde Plant (10 MGD) at the
Verde and Salt River confluence. There are five drinking water treatment plants, one near Fountain
Hills, one at 7th Street & Indian Hills. The others are not in the scope of this study. The Colorado
River Water is higher in sulfates (S04) and calcium carbonate (CaC03). The SRP water is about
potable quality. The total water supply to the City ofPhoenix is approximately 250 MGD during the
winter.

City of Tempe relies heavily on Salt River Project water supply; SRP provides 95% of the city's
demand and the rest 5% comes from CAP. Groundwater is only for emergency supply.

-
4.2.1 Salt River

The Salt River is the largest tributary ofthe Gila River and drains an area of approximately 13,700
m? within the northern and eastern portions ofthe State ofArizona. The topography of the drainage
area is extremely irregular and rugged, with elevations commonly to more than 7000 feet, and, at San
Francisco Mountain in the Verde River basin, to more than 12,000 feet. The Verde River is the main
tributary ofthe Salt River and includes 6,620 mi2 of the Salt River drainage.

Flow originating from the Salt River watershed upstream of the Phoenix metropolitan area is
generally of good quality. Salt River flows maintain a sodium chloride character both above and
below Roosevelt Dam. This is due to salt springs upstream of Roosevelt Lake which contribute
water high in mineral content. Verde River water has a lower IDS content than Salt River water and
tends to lower the overall IDS content in flows downstream oftheir confluence. SRP reported IDS
concentrations in the Salt and Verde Rivers above Granite ReefDam as averaging 550 mg/l and 280
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mg/l respectively in 1989 (Graf 1994) and ranged from 990 to 1,460 mg/l in the Salt River above
Roosevelt Lake in 1993 (SRP,1993). Table 4-3 presents selected results from recent water quality
sampling on the Salt River in the Phoenix area. These samples were taken prior to and during the
high flows ofJanuary and February 1993. High levels offecal coliform and fecal streptococci where
detected in the first sample taken in August 1992.

4.2.2 Urban Storm Runoff

4.2.2.1 Phoenix Area. Storm runoff from the Phoenix metropolitan area can contribute to
both surface and groundwater degradation in the study area. Much of the metropolitan area is
drained by storm sewers which discharge directly into the Salt River. Estimates ofthe runoff from
these areas is presented in Table 3-7B. In other areas, urban runoff is collected into percolation
basins or discharged into dry wells. Concentrations ofbacteria, metals, turbidity, petroleum products,
pesticides and nutrients, and pesticides in urban storm runoff commonly exceeded water quality
standards. Because of the intermittent and high variability of rainfall and runoff in central Arizona,
quality ofurban runoffin the study area is also highly variable but is generally of poor quality.

The USGS (Lopes, 1992) investigated the properties of urban storm runoff in Maricopa
County. Storm runoff samples were collected from four drainage basins with residential, light
industrial, heavy-industrial, and undeveloped land uses. Three of the basins are tributary to the Salt
River and have outfalls on or contribute to a outfall within the Rio Salado study area. These three
basins are located at 48th Street, 27th Avenue, and a channel at South Mountain Park, and represent
light industry, heavy industry, and undeveloped areas. The fourth basin is tributary to the Agua Fria
River and is primarily residential. Selective mean concentrations for all four basins were: fecal
coliform, 4,800 colonies per 100 milliliters; fecal streptococc~ 9,100 colonies per 100 milliliters;
dissolved solids, 81 mg/l and suspended solids, 607 mg/l. The largest concentrations ofconstituents
were from 27th Avenue which represents an heavy industrial area. The insecticides DDT and DDE
were also measured from the 27th Avenue basin. These are probably residual insecticides from the
1950's and 1960's when large areas ofthe Phoenix metropolitan area were still used for agriculture.
Complete summary statistics for th,e USGS study are presented in Table 4-4.

4.2.2.1 Tempe Area. CH2M Hill estimated the average annual pollutant concentrations for
runofffrom areas draining through the City of Tempe. These estimates are presented in Table 4-5
and show high levels offecal coliform.

4.2.3 Reclaimed Water

4.2.3.1 Phoenix Area. Reclaimed water in the Phoenix area includes the treated water from
two waste water treatment plants namely, 23rd Avenue Waste Water Treatment Plant and 91st
Avenue Waste Water Treatment Plant. Water quality conditions of these two treatment plants are
discussed in this Section.
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(a). 23rd Avenue Waste Water Treatment Plant. The 23rd Avenue Plant treats 55 to •
58 MGD ofwaste water with advanced secondary treatment and dechlorination. The capacity ofthe
treatment plant is 63 MGD. Table 4-6 summarizes three months of monitoring reports for the
treatment plant's discharge.

Currently about 50% ofthe discharge is being diverted by a local farmer and the remaining
water goes to the Salt River. This farmer uses what is needed, and then discharges the rest into the
Salt River at 43rd Ave. Roosevelt Irrigation District (RID) is also working with the City to purchase
(exchange) water from this treatment facility. When this occurs, the entire outflow will be used for
some form ofirrigation during periods of high demand. During the dry, harvest, and stand periods
ofOctober through February, however, the water will be discharged to the Salt River. Thus the 57
MGD will be discharged to the Salt River during approximately 5 months out of 12. The remaining
months may yield as low as zero flow. The discharge location of the treatment plant is at 35th
Avenue.

(b). 91st Avenue Waste Water Treatment Plant. The 91st Avenue Plant has three
modules. One has a 30 MGD capacity to treat with biodenitrification, and the other two do not. The
source water has a nitrogen content of25 .~g!l, part as nitrate and part as ammonia. The City intends
to increase the plant capacity by 30 MGD, and add biodenitrification within three years. Because
some ofthe discharge is to a river, the strict standards require the discharge to support fish life. Items
of specific concern are nitrate levels, and household poisons such as Diaznon. Table 4-6 summarizes
three months of monitoring reports for the treatment plant's discharge.

Discharge ofthe treated water is to the Palo Verde Nuclear Generating Plant (currently 20-40
MGD with rights to take more), and the Salt River. The Buckeye Irrigation District diverts the Salt
River flow at 47th Ave (about four miles downstream from the treatment plant), however they do not
necessarily have explicit rights to this water. Concerns facing the operation of the nuclear plant are
the degrading water quality from the water treatment plant. Two discharge alternatives are being
considered by the City: (1) underground recharge on the Agua Fria River (AFR),and (2) irrigation
ofthe local Gila Indian Reservation in exchange for CAP water. In summary, this water is slated for
useful purposes at present and in the future, however the Corps' creation of a wetlands as a
preliminary treatment to the City's Aquifer Storage Recovery alternative may be beneficial.

4.2.3.2 Tempe Area. The City ofMesa has a Waste Water Treatment Plant just upstream of
Price Road. This is being planned for extensive expansion that will discharge lots ofeffluent to the
Salt River. This may travel as far as Town Lake.

(a). Kyrene Waste Water Treatment Plant. Kyrene Waste Water Treatment Plant treats
domestic waste for the City of Tempe and has a capacity of 3.25 MGD. The City of Tempe
discharges effluent from the Kyrene treatment facility to the Salt River via the Tempe Drain at 1-10.
The treated effluent meets NPDES permit; the discharge rate is from 0 to 3 MGD.
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4.3 GROUNDWATER QUALITY

The Rio Salado study area is located in the Phoenix Active Management Area (AMA) and is
comprised ofportions oftwo distinct but interconnected alluvial groundwater basins, West Salt River
Valley (WSRV) and East Salt River Valley (ESRV). There are a number of groundwater quality

.problems in the Salt River Valley. In this Section, groundwater quality issues were discussed based
on inorganic chemical constituents and trace organics.

4.3.1 Inorganic Chemical Constituents

The regional groundwater problems associated with inorganic chemical constituents were described
in the MAG 208 Water Quality Management Program (Schmidt, 1979). Most of the inorganic
problems can be traced to natural factors and long-term irrigation practices. High salinity, chloride
and nitrate concentrations are commonly found in shallow groundwater beneath irrigated or formerly
irrigated land (Schmidt, 1983). All three constituents are high in the study area, chloride and IDS
are especially high at the western end ofthe study area north of the confluence of the Salt and Verde
River. Nitrate levels are greater than 25 mgll throughout the area west ofCentral Avenue. A pocket
of90 mgll concentrations is located northeast ofTolleson. Table 4-7 summarizes the public health
effects of excess levels of chloride, IDS, and nitrates and Table 4-8 summarizes the effect on
agriculture.

4.3.2 Trace Organics.

Over the past 15 years, a large number ofsignificant instances of shallow groundwater degradation
by organic constituents have been detected in the Rio Salado study area. The most significant
instances involve the pesticide DBCP or volatile halocarbons. At several well sites in the study area
(SRP, 1993) and beneath present or former citrus orchards near Mesa and Gilbert, DBCP has been
detected at concentrations exceeding the drinking water maximum contaminant level (MCL). DBCP
is a pesticide that was used extensively on citrus groves in Maricopa County. DBCP is now a
suspected carcinogen and is no longer used for agricultural purposes in Arizona (SRP, 1993).

Numerous instances ofvolatile halocarbon contamination have been detected in the Rio Salado study
area. Volatile halocarbons are located in shallow groundwater beneath several landfills along the Salt
River, near industrial facilities, and beneath large sections of the Phoenix metropolitan area. In some
cases ofvolatile halocarbon contamination the problems are limited to plumes in specific areas and
can be associated with specific waste disposal practices (examples: 19th Ave. Landfill) or industrial
activities (examples: Motorola 56th and Motorola Mesa). The size of the contaminant plumes varies,
as does the level of site characterization. A large area of volatile halocarbon contamination north
ofthe site stretches from the Motorola 52nd Street Superfund site west through downtown Phoenix
and through the West Van Buren area, almost to Tolleson. There are many plumes and many possible
sources. Attempts are being made through state and federal remediation programs such as the
Water Quality Assurance Revolving Fund (WQARF) and the EPA's Superfund program to define the
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extent ofcontamination and to implement remediation. Because ofthe size of the affected area it is •
difficult to partition the problem areas into specific sites with identified parties. Table 4-9 summarizes
the identified problems at each site. Open and closed landfills along the Salt River are listed in Tables
4-10 and 4-11.

Because of high organic (nitrate, chloride, and IDS) and volatile halocarbon concentrations and
decreases in the use ofland for agriculture, use of shallow groundwater in the Rio Salado study area
for public consumption has dropped significantly, and will continue to decrease. New water supply
wells which tap the higher quality groundwater stored in the Lower and Middle Alluvial Units have
been replacing the shallow wells for several decades. Much of the shallow groundwater is now only
suitable for industrial or agricultural purposes. The deeper water is generally unaffected by irrigation
and industrial practices and has lower salinity and nitrate concentrations. An important issue in the
Salt River Valley is protection of the higher quality water stored in the deeper aquifers from the
poorer quality water in the upper aquifer.

Other causes ofgroundwater quality degradation in the study area are leaking underground storage
tanks, dry wells which extend close to or into the upper part of shallow aquifers, settling basins, and
well construction practices.

•
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• TABLE 4-1, DESIGNATED USES OF WATERWAYS WflHlN THE RIO SALADO STUDY
AREA

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

•

•

Salt River (2 kIn below Granite ReefDam to the 1-10
bridge)

Salt River (1-10 bridge to the 23rd Avenue WWfP)

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

Indian Bend Wash

Indian Bend Wash Lakes

Aquatic and Wildlife (ephemeral)
Partial Body Contact

Aquatic and Wildlife (warm water fishery)
Partial Body Contact

Aquatic and Wildlife (effiuent dominated water)
Partial Body Contact

Fish Consumption
Agricultural Irrigation

Agricultural Livestock Watering

Aquatic and Wildlife (warm water fishery)
Partial Body Contact

Fish Consumption

Aquatic and Wildlife (warm water fishery)
Partial Body Contact

Fish Consumption
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TABLE 4-2, NUMERIC WATER QUALITY CRITERIA (ADEQ) - SELECTED PARAMETERS

I I
A&Ww A&Ww A&Wedw A&Wedw A&Wwe A&Wwe

Parameter DWS FC PBC (acute) (chronic) (acute) (chronic) (acute) (chronic) AgI AgL

TSS NS NS NS NS NS NS NS NS NS NS NS

TDS(I) NS NS NS NS NS NS NS NS NS NS NS

Chloride(2) NS NS NS NS NS NS NS NS NS NS NS

Fluoride (ppb) 4000 NS NS NS NS NS NS NS NS NS NS

Nitrate (ppb) 10,000 NS NS NS NS NS NS NS NS NS NS

F. Coliform 4000/1000 4000 1000 800 200

(cfu/lOOml)

Arsenic (ppb) SOT 3.1 T 2800T 3600 1900 3600 1900 4400 2300 2000T 200 T

ST 83 T
(l) (l) (l) (l) (l) (l)

Cadmium 70 T SOT SOT

(ppb)

10000 NS 52000
(l) (l) (l) (3) (l) (l)

Copper (ppb) SOOOT SOOT

Lead (ppb) SOT NS NS
(l) (l) (3) (l) (l) (l) (l)

lOOT

Mercury (ppb) 2.1 T 0.6T 42 T 2.4 d 0.010 2.60 0.20 50 2.70 NS lOT

NS NS NS
(l)

NS
(l) (l)

Silver (ppb) NS NS NS NS

Zinc (ppb) SOOOT NS 28,000
(l) (l) (3) (l) (l) (l)

10,000 T 2S,000T
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TABLE 4-2 (continued), NUMERIC WATER QUALITY CRITERIA (ADEQ) - SELECTED PARAMETERS

I I
A&Ww A&Ww A&Wedw A&Wedw A&Wwe A&Wwe

Parameter DWS FC PBC (acute) (chronic) (acute) (chronic) (acute) (chronic) AgI AgL

TCE (ppb) 5 78 NS 20000 1300 20000 1300 20000 1300 NS NS

PCE (ppb) 5 11 4000 6500 680 6500 680 15000 1600 NS NS

TCA (ppb) 200 160000 13000 2600 1600 2600 1600 2600 1600 NS NS

Benzene 5 120 470 2700 180 11000 700 NS NS NS NS

DBCP 0.2 NS NS NS NS NS NS NS NS NS NS

Chloroform 100 590 1400 14,000 900 14,000 900 NS NS NS NS

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

(2) Water with TDS content ofless than 500 mg/l is most desirable for domestic use.

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

T = Total Recoverable
D = Dissolved
NS = No Standard



TABLE 4-3, SALT RIVER WATER QUALITY DATA

Date and Location of Sample
Parameter

24th St Bridge Priest Ave. Bridge

24Aug 92 9 Sep 92 31 Dec 92 4 Jan 93 12 Jan 93 11 Feb 93 Average

Discharge (cfs) 16,500 1140 10 8600 47,800 25,500

Temperature 25.5 13 13 12 11
Celsius)

D. Oxygen (mgll) 5.6 5.9 10.2 8.1 8.7 7.7

COD (mg.lI) 33 12 25 17 39 13 23

BODs (mgll) 10 30 7 <5.0 <5.0 11

Fecal Coliform 3000 450 290 100 768
(cfu/1 00ml)

Fecal Streptococci 3400 48 540 1300 230 1103
(cfu/100ml)

Alkalinity (mgll) 147 114 123 105 122

Sulfate (mg/l) 41 72 38 26 20 39

Chloride (mg/l) 140 150 92 83 21 97

Nitrate Nitrogen 0.13 <0.5 <0.5
(mg/l)

Phosphorous (mg/l) 0.08 0.03 0.09 0.43 0.2 .17

Cadmium (ugll) <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Chromium (ug/l) 25 1 8 8 15 6 11

Copper (ug/l) 300 2 3 6 25 13 58

Lead (ug/l) 27 <I <I 3 22 7 10

Mercury (ug/l) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Nickel (ug/l) 49 2 2 4 21 10 15

Zinc (ug/!) 120 <10 <10 <10 50 <10

Source: Maricopa County Flood Control District
All Samples Collected by the USGS
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TABLE 4-4, SUMMARY STATISTICS FOR USGS JNVESTIGATION OF STORM WATER
QUALITY-~COPACOUNTY

I
Property or Constituent

II
Maximum I Minimum I Mean I Median I Numberof I

Samples

Conductance 266 52 128 99 15

S. Solids (mg/l) 3390 <1 607 229 16

Dissolved Solids (mg/l) 158 35 81 76 14

Fecal Coliform (colllOOml) 11,000 970 4800 4600 15

Fecal Streptococci (collml) 26,000 1000 9100 8500 15

COD (mg/l) 21,000 <10 1900 140 15

BOD (5-day,mgll) 3600 <5 310 30 14

Amonia, total (mgll) .89 .07 .39 .38 15

Nitrite + nitrate (mgll) 4.7 .42 1.3 .77 15

Nitrogen, amonia + organic 3 .60 1.74 1.70 15
(mgll)

Phosphorus,total (mgll) 1.70 .11 .53 .43 15

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

Cadmium, total (ugll) 6 <1 1.5 1.0 17

Chromium, total (ugll) 120 <1 24 10 17

Copper, total (ugll) 320 7 110 52 10

Lead, total (ugll) 620 8 140 51 17

Nickel, total (mg/l) 120 4 37 17 17

Zinc, total (ug/l) 980 30 300 170 17

Source: Selected Physical, Chemical, and Microbial Characteristics of Storm Water, Maricopa County, Arizona, T.J.
Lopes, 1992
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TABLE 4-5, AVERAGE ANNUAL ESTIMATED POLLUTANT CONCENTRATIONS •
TEMPE URBAN WATERSHEDS

PI-l
FA-l
SC-l

Parameter Indian Bend Wash Price Road Tunnel DO-l

TSS 5.56 42 278

IDS 534 534 534

BOD 30 41 47

TP 0.11 0.20 0.35

OP 0.08 0.14 0.24

NH4 1.02 1.41 1.60

Nitrate-Nitrogen 0.68 1.06 1.58

OrganicN 2.22 3.05 3.46

TN 4.25 5.85 6.65

Fecal Colifonn 818 818 8178

Total Copper <0.05 <0.05 0.06

Total Lead <0.02 <0.02 0.05

Total Zinc 0.14 0.20 0.26

Source: City ofTempe, Rio Salado Water Resources Master Plan, Draft Technical
Memorandum 5, CH2M llill, June 1991

•
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TABLE 4-6, DISCHARGE MONITORING REPORT SUMMARY FOR MAY - JULY 1994

91st Ave 153.75 101.5
23rd Ave 37.2 32.91

Chlorine, 91st Ave Rept .05 *** ***
Total Residual 23rd Ave Re t .011

PH 6.5-9.0 7.2-7.4 7.0-7.3

Total Suspended Solids 4.5 9.0 7.0
7 da av .

Settleable Solids 1 <.1 <.1

BOD Carbonaceous - Rept 10 5
5-da 20C

Colifonn., Fecal General 800 93 57

C anide, Total Recoverable 200 *** ***• Mercu .2 *** ***

Arsenic, Total Recoverable 98.7 4 3

Selenium, Total Recoverable 50 *** ***

Thallium, Total Recoverable 40 *** ***

Be Ilium, Total Recoverable 5.3 ***

Boron, Total Recoverable 1000 423 380

Nickel,Total Recoverable Re t *** ***

Silver, Total Recoverable 142 *** ***

Zinc, Total Recoverable 73.3 *** .13

Cadmium, Total Recoverable 29.5 <.7 1.03

Lead, Total Recoverable 148 *** 3.7

Chromium, Total Recoverable 223 *** ***

Co er, Total Recoverable 142 6 6

• 2-Meth 1-4 6-Dinitro henol 765 *** ***
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TABLE 4-6 (continued), DISCHARGE MONITORING REPORT SUMMARY FOR MAY •
- JULy 1994

2-Chloro henol 2000 *** ***

2-Nitro henol Re t *** ***

2,4-Dichloro henol 365 *** ***

2,4-Dimeth 1 henol 2120 *** ***

2,4-Dinitro henol 365 *** ***

2,4,6-Trichloro henol 3.6 *** ***

4-Chloro-3-Meth 1 henol 30 *** ***

4-Nitro henol Re t *** ***

ound 2560 <4 .6

Pentachloro henol 13.0 *** ***

Source: Ci ofPhoenix NPDES Dischar e Monitorin 1994
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TABLE 4-7, PUBUC HEALTH SIGNmCANCE OF CHLORIDES, IDS, AND NITRATES

Chlorides

TDS

Nitrates

Chlorides in reasonable concentrations are not harmful to humans.
However, water with concentrations above 250 mg/l has a salty
taste which is considered objectionable by most people.

Water with TDS content ofless than 500 mgll is most desirable for
domestic use. Water with higher TDS concentrations can have a
laxative or sometimes the reverse effect on people not adjusted to
higher TDS concentrations. Standards generally recommend a limit
of 1000 mg/l on potable water.

In 1940 it was found that drinking water with high nitrate content
often caused methemoglobinemia in infants. This is a condition
that reduces the bloods ability to carry oxygen. The EPA has
established a MCL for nitrates in drinking water of 10 mg/l.

•

•

Primary Source: Chemistry for Environmental En!rineering, Sawyer and McCarty, 1978

TABLE 4-8, SIGNIFICANCE OF CHLORIDES, IDS, AND NITRATES IN IRRIGATION
WATER

TDS <500 500-2000 >2000 Salinity effects on crop yield

Chloride <142 142-355 >355 Ifwater is absorbed by roots only.

Chloride <106 >106 Ifwater is also absorbed by leaves.

Nitrogen <5 5-30 >30 Excess nitrogen may delay harvest
time and adversely affect yield or
quality of sugar beets, grapes, citrus,
avocados, apricots, etc.

Source: SRP 1993 Water Quality Report
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TABLE 4-9, WQARF AND SUPERFUND SITES

:::.:.:.:.:.: :.:.:.:.:.:.:.: .

19th Avenue In Phoenix along the vinyl chloride Municipal and Industrial
Landfill Salt River between 15th TCE Wastes

& 19th Avenues. PCE
1,1-dichloroethene

Motorola 52nd Eastern part ofPhoenix TCE Land Disposal at
Street about 1 mile north of the PCE Industrial Plant

Salt River TCA

VOC contaminants at levels
exceeding MCLs on and off
site. A federal superfund site.
Plan on capping site and
providing bank protection.

It was estimated that about
200,000 gallons ofchlorinated
solvents were disposed at the
plant between the late 1950s
and 1983. A federal Superfund
site.

North Indian Bend
Wash

South Indian Bend
Wash

161 st Air National
Guard

East Central
Phoenix

East Washington

Estes Landfill

Northwest Tempe

City of Scottsdale

City ofTempe

51 acres at Sky Harbor
Airport

Between 48th and 24th
Streets and Camelback
and Thomas Roads in
Phoenix

Between 48th Street and
7th Ave. and Thomas
and Lower Buckeye

South of Salt River
between 40th and 45th
Streets in Phoenix.

Between 14th Street and
10th Place & between
Edward Drive and Park
Lane in Tempe.

TCE
PCE
chloroform
TCA
DCE

VO<::s
Organic Compounds
Metals

benzene
ethylbenze
PCE
TCE
DCE
DCA

TCE
PCE
1,1,1
trichloroethene

TCE
PCE
1,1,1
trichloroethene
1,1-dichloroethylene
vinyl chloride

vinyl chloride
l,2-dichloroethene
TCE

1,1,1
trichloroethene
1,1-dichloroethylene

80

Land disposal practices
at industrial facilities

Aircraft maintenance
activities, refueling
operations

Industrial facilities

Industrial Facilities

Land disposal (liquid
wastes)

VOCs have been found in
upper, middle and lower
alluvial unit.
A federal superfund site.

Federal Superfund site.

Under Department ofDefense
Installation Restoration
Program

PCE~vclsexceedingMCL

detected downstream facilities.
State WQARF site.

Large area of VOC
contamination. Difficult to
identify sources. Area
includesMotorola 52nd Street
plume. State WQARF site.

On going remedial
investigation.

A plume of VOCs has been
identified and is being
investigated.
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TABLE 4-9 (continued), WQARF AND SUPERFUND SITES

Sky Harbor

West Central
Phoenix

West VanBuren

27th Avenue
Landfill

Del Rio Landfill

Between 24th and 44th
Streets and north of the
Salt River.

Phoenix

25 square miles in
northwest Phoenix

Between 35th and 27th
Avenues

Between 7th and 16th
Streets, north ofthe Salt
River in Phoenix.

TCE
PCE
1,1,1
trichloroethene

TCE
PCE
DCE

TCE
DCE
PCE
petroleum products

VOCs
benzene
Methylene Chloride

Industrial Facilities Subunit of the East Washington
WQARFarea

Industrial Facilities Three distinct plumes. State
WQARFsite.

Industrial Facilities Little remediation. Proposed
remediation to prevent
contamination from reaching
City of Tolleson wells.

Land Disposal Practices City ofPhoenix has submitted a
closure permit under the
Aquifer Protection Program.

Motorola 56th Street Northwest comer of
56th Street and Earll
Drive in Phoenix

•

•

TCE
IDCE
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Disposal of Solvents Prior to 1962 all discharges of
solvents were to dry wells or
sewage leach fields.



TABLE 4-10, ACTIVE LANDFILLS VICINITY OF RIO SALADO STUDY AREA

IMap lD II Facility Name II Types ofWastes II Operator Name II Approximate Location I
H 27th Avenue Rubbish City ofPhoenix SW Corner of 27th Avenue and

Municipal Solid Waste Lower Buckeye Road
Liquid Waste

I 40th Street Rubbish Bradley Investment North Side of Magnolia
Company East of40th Street

J Litchfield/Avondale Rubbish Calmat of Arizona South of Indian School Road,
West Side of Agua Fria River

K Tri-City Rubbish Salt River-Pima Tribe 1 Mile North ofMcDowell,
Municipal Solid Waste offBeeline Hwy (AZ 87)

L Weinberger Construction Rubbish Glenn Weinberger .5 Miles South ofLower Buckeye
Debris Roadd on 39th Avenue

Source: Directory of Arizona, Municipal Solid Waste Landfills, Rubbish Landfills & Private Solid Waste Landfills,
March 1993, ADEQ.
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TABLE 4-11, CLOSED SOLID WASTE LANDFILLS VICINITY OF RIO SALADO STUDY AREA

IMap ID II Facility Name II Types of Wastes II Operator Name II Approximate Location I
A 16th Street Rubbish City of Phoenix 1 Mile South ofI-1O on 16th Street

Municipal Solid Waste
Other?

B 19th Avenue Rubbish City ofPhoenix 1Mile South of I-lOon the East Side of 19th
Septage Avenue
Municipal Solid Waste
Liquid Waste

C 22nd Avenue Rubbish City of Phoenix 22nd Avenue and Lower Buckeye Road
Municipal Solid Waste
Other?

0 Estes Rubbish City of Phoenix East Side of 40th Street, South of the Salt
Municipal Solid Waste River
Other?

E 91st Avenue Rubbish City of Phoenix West Side of91st Avenue,
Municipal Soild Waste Opposite 91 st Avenue Waste Water

Treatment Plant

F Ameron Rubbish Ameron Pipe Division West of 12th Street, South of Watkins in
Phoenix

G ASUNo.l Rubbish Arizona State University Along West Side of Scottsdale Road, South
Municipal Solid Waste of Salt River

M ASUNo.2 Rubbish Arizona State University Along East Side of Scottsdale Road, South of
Municipal Solid Waste Salt River

N Avondale



Table 4-11 (cont.) CLOSED SOLID WASTE LANDFILLS VICINITY OF RIO SALADO STUDY AREA

IMap ID II Facility Name II Types of Wastes II Operator Name I Approximate Location

0 Central Avenue Rubbish Union Rock and Materials .25 Miles South ofI-1O on Central Avenue

P First Street Rubbish Kachina Ready-Mix NE Comer ofFirts Street and Clark Drive,
Tempe

Q Juice of Life Rubbish Mike Neils 5837 S. 36th Street, Phoenix
Municipal Solid Waste

R Old Town Dump Rubbish Goodyear Tire& Rubber Dysart Road to Rid Canal
Municipal Solid Waste

S Perry Lane Methane NE Comer of Ist Street and Perry Lane

T Reed Construction Rubbish Reed Construction West Side of 67th Avenue on Salt River
Municipal Solid Waste Company

U RRCA (old Tempe) Rubbish Raymond Edwards 1.3 Miles North of Apache Blvd. on Hayden
Municipal Solid Waste Road
Other?

V Tempe #1 City ofTempe South Side of Salt River on Hayden Drive

W Tolleson Rubbish City ofTolleson 91 st Avenue and the Salt River
Municipal Solid Waste

X Tri-City (old) Salt River-Pima Tribe North Bank of Salt River West ofCountry
Club Road

y Wayne Oxygen Liquid Waste Wayne Oxygen Company 2615 S. 40th Street, Phoenix

Z William Roer Rubbish William Roer 75th Avenue North of Southern Avenue, on
Municipal Solid Waste South Side of Salt River

I I Source: Directory of Arizona, Closed Solid Waste Landfills (CSWLF), March 1993, ADEQ.
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v. WATER SOURCES ANALYSIS

The potential water sources considered in the Rio Salado Project include pumping groundwater,
capturing storm water, utilizing flood waters, purchasing SRP canal water, capturing and pumping
excess flows from 23rd Avenue wastewater treatment plant, and utilizing existing potable water
system. Except the existing potable water system, all the potential water sources were discussed in
this Chapter. The discussion ofwater sources includes a general description, water quality condition,
and availability.

5.1 GROUNDWATER

Groundwater has been a reliable water source in the study area. In this Section, the general
groundwater condition, water quality, and its availability are discussed.

5.1. 1 General Groundwater Condition

The Rio Salado study area is located in the Phoenix Active Management Area(AMA) and is
comprised ofportions oftwo distinct but interconnected alluvial groundwater basins, namely West
Salt River Valley and East Salt River Valley. The Salt River Valley Basin consists of three
hydrogeologic units: the Lower Alluvial Unit(LAU), the Middle Alluvial Unit(MAU), and the Upper
Alluvial Unit(UAU). There is also a Red Unit which forms the base ofthe aquifer beneath parts of
the area. The LAU overlies the Red Unit and consists mainly of conglomerate and gravel. The LAU
is tapped by many city wells and it is estimated that approximately 25 percent of the pumpage in the
SRVoriginates from this unit (ADWR, 1993). The MAU overlies the LAU and consists mainly of
clay, silt, mudstone and some sand and gravel. The unit ranges in thickness from 100 feet to over
1600 feet in the deeper parts of the basin. The MAD is now the primary source ofgroundwater in
the valley. ADWR estimates that about one halfofthe total pumpage in the valley is from the MAD.
The UAU overlies the MAU and consist primarily ofgravel, sand and silt. The amount of coarse
grained deposits in this unit is highest near the Salt and Gila Rivers. The thickness of the UAU is
relatively uniform and ranges from 200 to 300 feet thick in ESRV and between 300 and 400 feet thick
in the WSRY. In the past, the UAD was the primary source of groundwater in the valley, but
because of lower water levels and large areas of poor quality water, only about one fourth of
groundwater pumped in the valley is from the UAD. Important sources ofrecharge to groundwater
in the valley are infiltration of Salt River flows, mountain recharge along the McDowell and
Superstition Mountains, percolation of excess irrigation water, and canal seepage.

Data collected for the City ofTempe(COT) Well # 6 provide actual pumping information in this area.
COT Well # 6 is located on the south side ofMcKellips Road, east ofMiller Road. The well casing
diameter is 20 inches while the total depth of the well is 1054 feet below ground surface. The well
is perforated in the Middle Alluvial Unit, the Lower Alluvial Unit, and the underlying Conglomerate
Red Unit. Two pumping tests were conducted for this well recently. One test was conducted in
March and April 1996 at a pumping rate of 2400 gpm(3.5mgd); the other pumping test was
conducted in September, October and November 1996 at a pumping rate of 1030 gpm(1.5 mgd). The
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September test was a packer test and was designed to examine the aquifer yield in the Lower
Alluvium Unit. The pumping test results show the distance drawdown relationships and are •
summarized in the following tables. As shown in the first table that at a pumping rate of2400 gpm
the drawdown was 110ft at COT Well # 6 and the drawdowns were reduced to 31 ft and 18 ft at
monitoring wells PA-23MA and PA-16MA respectively. The other table shows that at a pumping
rate of 1030 gpm the drawdown was 50 ft at COT Well # 6 and the drawdowns were reduced to 5
ft and 4 ft at monitoring wells PA-22LA and PA-15LA respectively. Monitoring wells PA-23MA
and PA-I6MAare 1360 ft and 2165 ft from COT Well # 6 respectively. Monitoring wells PA-22LA
and PA-15LA are 1371 ft and 2142 ft from COT Well # 6 respectively. COT Well # 6 is a typical
water supply well in the study area and can be a candidate as a water source for Tempe Rio Salado
Project. Similar wells can be found or installed in the Phoenix area.

Well Name COTWell#6 PA-23MA PA-I6MA

Distance(ft) 0 1360 2165

Drawdown(ft) 110 31 18

* Pumping Rate = 2400 gpm (3.5mgd)

Well Name COT Well # 6 PA-22LA PA-lSLA

Distance(ft) 0 1371 2142

Drawdown(ft) 50 5 4

* Pumping Rate = 1030 gpm (1.5 mgd)

5.1.2 Water Quality

The groundwater beneath the river varies in quality and in places has been degraded by contaminants.
There are landfills and various industrial facilities in this area which have affected the groundwater
quality. Because COT Well # 6 is contaminated with TCE, it is currently not being used to supply
the potable water grid. Recent test (April 1996) results show that the amount ofTCE in groundwater
is less than 5 ppb.

5.1.3 Availability

The City ofPhoenix has a concern that pumping groundwater may count against the City's current
groundwater pumping credit balance. Ifgroundwater will be used, then minimal water use to support
Rio Salado Project should be the goal. Recharge credits can be obtained through the coordination
with Arizona Department ofWater Resources. Different credits are granted for different situations,
i.e., recharge into a river channel may receive 50% credit while recharge in a managed system may
receive up to 90% credit. A well permit will be needed to install any new wells to support the
project. The well permit must include an analysis of the effects of the pumping on the existing
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groundwater table. If the cone of depression created from a well is anticipated to effect existing
wells, a weavier from the existing well operators must be obtained.

5.2 URBAN STORM RUNOFF I RUNOFF FROM SIDE DRAINS

Surface water runoff from side drains to the Salt River has been evaluated in order to characterize
the potential for supporting restored habitat.

5.2.1 General Discussion

Tempe Area (Drains to the Tempe Reach). Indian Bend Wash (IBW) drains approximately 90 sq.mi.
ofmostly urbanized watershed including Scottsdale and a portion of the City ofPhoenix into the Salt
River. IBW outlets to the Salt River about midway between Hayden Road on the east and Scottsdale
Road on the west.

To estimate the impact ofrunofffrom IBW to the Salt River, simulations ofseveral flood events were
performed based upon the most recent channel configuration information for the Salt River, including
modifications for future channelization and bank protection proved by the Flood Control District of
Maricopa County. Based upon volume-frequency relationships developed during the Central Arizona
Water Control Study (CAWCS) and published in the May 1982 CAWCS hydrology report, it appears
that a 10-year flood hydrograph (peak discharge = 9000 ff/s) would be reduced to 1500 ff/s at Mill
Avenue and 140 ff/s at Central Avenue and disappear shortly downstream. The 5-year flood
hydrograph (peak discharge = 4800 ff/s) would be reduced 370 ff/s at Mill Avenue and disappear
before Central Avenue.

These estimates were based upon the non-concurrence ofthe IBW flood with mainstem Salt River
flows. Typically, storms which produce sufficient precipitation and runoff from the 13,700 sq. mi.
Salt River watershed to generate spills past Granite ReefDam do not result in significant precipitation
and runofffrom IBW.

Since excess flow from the Salt River is expected to spill over Granite ReefDam approximately once
every 3 years, and the 5-year discharge from these spills is expected to exceed 20,000 ff/s, there is
little purpose in providing protection from IBW flows, which are both much smaller in magnitude and
less frequent.

Finally, although there is sparse record available, there are no instances during which runofffrom
Indian Bend Wash (or any of the major side drains) did much more than wet the channel
downstream ofthe confluence. Under most circumstances, waterfrom these side drains does not
contain sufficient volume norflow for long enough duration to fill the Salt River channel andflow
downstream.
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Phoenix Area (Drains to the Phoenix Reach). There are 24 side drains with drainage areas of
sufficient size to have been included in this evaluation. The contributing drainage areas range in size •
from 0.03 sq.mi.(21 acres) to 13.87 sq.mi.(8879 acres). Outlet sizes for these drains ranged from 15
inches to 21 feet in diameter. The area drained is intensely developed urban landscape, with runoff
coefficients estimated to vary from 0.22 to 0.90. Infonnation on the size, location, drainage area size
and characteristics, was provided by the City of Phoenix. Very little information is available from
which definitive estimates of runoff for these side drains can be made. Through a series of
hydrological analysis, as described in Section 3.3, peak discharges and average annual runoff volume
were calculated for the side drains in Phoenix area. Table 3-7 summarizes the analysis results and
presents the twenty-four hour volume-frequency and average annual runoff volume for Phoenix area
side drains.

5.2.2 Water Quality

Concentrations of bacteria, metals, turbidity, petroleum products, pesticides and nutrients, and
pesticides in urban storm runoff commonly exceeded water quality standards. Because of the
intermittent and high variability ofrainfall and runoff in central Arizona, quality ofurban runoff in the
study area is highly variable but is generally of poor quality. Detailed discussion on urban runoff
water quality is presented in Chapter 4.

5.2.3 Availability

As shown in the above discussions, urban storm runoff or runoff from side drains is not a reliable •
water source for the wetland restoration. The wetlands require a more reliable supply that would
keep a constant flow rate through the wetlands. However, storm runoff could support vegetation
below the existing storm drains by enhancing the way the drains currently outfall to the river.

5.3 SALT RIVER FLOOD WATERS

The use of Salt River flood waters. is based on the discharge volume frequency analysis conducted
in Chapter 2.

5.3.1 General Consideration

Discharge frequency values for the Salt River in the vicinity of the Rio Salado study area were
adopted from the Water Control Study, Modified Roosevelt Dam 1996. The adopted discharges
include a modified Roosevelt Dam. The modified dam has a 565,000 ac-ft flood control pool and
additional 270,000 ac-ft of conservation storage. Water control plan for regulation of the flood
control pool has been developed for Modified Roosevelt Dam by the Los Angeles District , in
cooperation with the U.S. Bureau ofReclamation. The discharge frequency values are presented
in Table 2-1. As shown in the table, flow in the Salt River is anticipated to occur once in three years.
During other times the river is dry, except for locally wetted areas near side drain.
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• Granite ReefDam is the last SRP dam on the Salt River and is located about 10 miles downstream
from Stewart Mountain Dam and about 14 miles upstream ofTempe. Most ofthe water reaching
Granite ReefDam is diverted into the SRP canal system for agricultural, municipal, and industrial
water use. Spills over Granite Reefare caused by flood releases. In March of 1994, SRP completed
a period of record analysis for the Roosevelt Dam Water Control Study. Under 1995 storage
conditions (including new conservation storage at Roosevelt) and demand; the monthly operation of
the SRP reservoir system was simulated and the monthly total spill release at Granite Reef was
estimated. The average annual spill was 247,000 ac-ft, but during 71 of the 105 years (68%)
modelled, there were no spills over Granite Reef The simulation also showed 16 periods (1 year or
greater) ofno spills ranging from 1-12 years. The average duration of no spill period was about 4.4
years.

5.3.2 Water Quality

The water quality of Salt River water is shown in Table 4-5 ofChapter 4, Water Quality Analysis.

5.3.3 Availability

As shown in the discharge/volume frequency analysis, the Salt River flood water is not a reliable
constant source. In addition to infrequency offlows, the magnitude of the flows when the river does
run is not manageable. During the flood time, the flood waters are detrimental to the wetland
restoration project.

• 5.4 SALT RIVER PROJECT WATER

The construction of the Salt River Project (SRP) was authorized by the Secretary ofthe Interior in
accordance with the Reclamation Act ofJune 17, 1902. The SRP was constructed for the purpose
of developing a water storage and delivery system to ensure an adequate water supply for the
shareh9lders ofthe Salt River Valley Water Users' Association.

5.4.1 General Description ofthe Salt River Project System

(1) GENERAL. The SRP system is comprised ofsix reservoirs on the Salt and Verde Rivers,
including Modified Roosevelt Darn, and a diversion dam located 3 miles downstream ofthe Salt River
and Verde River confluence. The other reservoirs on the Salt River are Horse Mesa Darn, Mormon
Flat Dam and Stewart Mountain Dam; Horseshoe Dam and Bartlett Dam are located on the Verde
River, and Granite Reef Diversion Dam is located below the confluence of the Salt River and the
Verde River. The reservoirs receive runoff from a combined watershed ofmore than 12,600 square
miles(excluding Aubrey Basin). Modified Roosevelt Dam is the oldest and has the largest reservoir
storage. The SRP reservoir system in central Arizona provides water supply for much of the
metropolitan Phoenix area. Hydroelectric power is also generated within the system.
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(2) SALT RIVER RESERVOIRS. Normal releases from Modified Roosevelt Dam generate
hydropower as they pass through the hydroelectric generating facilities downstream of Modified •
Roosevelt Dam and the three downstream regulatory dams - Horse Mesa Dam, Mormon Flat Dam,
and Stewart Mowrtain dam. The "normal releases from Modified Roosevelt Dam and the other Salt
River dams are generally scheduled for the warmest months of the year, when runoff is low and
'demand for both electrical power and water are highest. During the winter months, when runoff is
generally greater, downstream demand is typically satisfied by releasing water from the Verde River
reservoirs. The storage space in the Verde River reservoirs is considerably smaller than in the Salt
River reservoirs, which makes carry-over storage on the Verde side impractical. In addition to the
considerably greater quantity of storage space available within the Salt River reservoirs, this storage
space is more flexible because of pump-back storage capability, which allows hydroelectric power
generation during periods ofpeak demand without "wasting" water. To fully utilize the pump-back
storage system, the lake levels in the 3 reservoirs downstream of Modified Roosevelt Dam are
typically maintained at about 90% full. The remaining space allows capture and regulation oflocal
inflow. The Salt River reservoirs can store approximately 2.5 million acre feet ofwater, including
approximately 560,000 acre-feet within the flood pool at Modified Roosevelt Dam.

(3) VERDE RIVER RESERVOIRS. The Verde River reservoirs generally store water during
the high runoff season(i.e., the winter months) and release this water at a rate compatible with the
demand. Releases from Bartlett Dam are normally made in the winter, when demands are less,
because there is insufficient space in the Verde River reservoirs to allow carry-over storage until the
warmer summer months, which are accompanied by an increase in demand, During periods when the
water available in the Verde River reservoirs is insufficient to meet the downstream demand, surface •
water from the Salt River reservoirs and/or groundwater may be utolized to meet that demand.
During periods of excess inflow, it may be necessary to ''waste'' water by making releases from the
Verde River spillways, which exceed the downstream demand. No hydropower facilities exist at
Horseshoe and Bartlett dams. The Verde River reservoirs can only store approximately 310,000
acre-feet, all ofwhich is water supply space.

5.4.2 Water Quality

The SRP water is high quality.

5.4.3 Availability

SRP water is being used to supply the water features in Indian Bend Wash above the Rio Salado
Project. It may be a viable source for the Tempe Reach. As mentioned in the above discussion, the
SRP reservoir system in central Arizona provides water supply for much ofthe metropolitan Phoenix
area. However, SRP does not have a water right along the river. Therefore, SRP water is not viable
for the Phoenix Reach due to the water rights "hurdle", but more importantly because of the high
costs for delivery to the Phoenix Reach.
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• 5.5 EXCESS FLOWS FROM 23RD AVENUE WASTEWATER TREATMENT PLANT
.'

This Section presents the idea to use the excess flows from 23rd Avenue Wastewater Treatment Plant
as a source to supply to the Phoenix Reach.

5.5.1. General Consideration

The 23rd Avenue Waste Water Treatment Plant has a capacity of63 MGD with advanced secondary
treatment and dechlorination. Sand filtration facilities are also available at the plant. Currently, the
treatment plant treats about 55 to 58 MGD ofwaste water in average.

Roosevelt Irrigation District (RID) is working with the City to purchase (exchange) water from this
treatment facility. From January through August, during periods of high crop water demand, RID
is using about 44 MGD. The remaining water of 11 to 14 MGD goes to the Salt River. A local
farmer uses about 1 to 2 MGD ofthe discharge water from the river. Therefore, during the farming
season there are about 9 to 13 MGD ofthe treated watste water being discharged and percolated into
the Salt river bed. During the non-farming season, all the treated waste water is discharged into the
Salt River, where it is percolated and rechfITged to the aquifer through natural river bed. There is no
constructed facility to enhance the percolation. In the State of Arizona, this kind ofgroundwater
recharge is considered as managed recharge and can be claimed for 50% of groundwater credit.
Thus, City ofPhoenix can negotiate for 4 to 6 MGD ofgroundwater credit during the farming season
and 27 to 29 MGD ofgroundwater credit for the non-farming season.

• 5.5.2 Water Quality

Water quality condition of the 23rd Ave. Waste water Treatment Plant was discussed in Sction 4.

5.5.3 Availability

The excess discharge from 23rd Ave. Waste Water Treatment Plant can be used as a water source
to supply to the Pheonix Rio Salado Project. This can be accomplished through groundwater credit
or constructed pipeline. Water right issues and the quantity ofreliabe supply require further study.
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VI. WATER BUDGET ANALYSIS FOR WETLAND RESTORATION

There are many aspect ofwetland restoration analysis. The purpose of this Chapter is to conduct a
water budget analysis and its associated cost to assist in wetland design. Tres Rios wetlands have a
similar environment to the proposed wetlands of the Rio Salado Project, and therefore provide
valuable data on water budget and construction cost.

This Section begins with a review ofthe Tres Rios demonstration constructed wetlands at Section
6.1. Then, Section 6.2 presents the transpiration rates (plant consumption rates) for some riparian
habitat. Section 6.3 presents the water budget analysis for wetlants design.

6.1 TRES RIDS DEMONSTRATION CONSTRUCTED WETLANDS

The Tres Rios Demonstration Constructed Wetlands occupy approximately 14 acres in and around
the 91st Avenue Waste Water Treatment Plant (WWTP) in Phoenix, Arizona. The plant itselfis
located on the North bank ofthe Salt River,just east of91st Avenue. This WWTP is a conventional
activated sludge plant currently treating approximately 154 MGD of municipal wastewater.
Approximately 2 mgd (3.1 cfs) ofhighly treated wastewater from the 91 st Avenue WWTP have been
polished by the Tres Rios wetland

The three sites which comprise the Tres Rios Demonsrtation Constructed Wetlands include two
demonstration-scale facilities, the Cobble site located within the Salt River floodway and the Hayfield
site located in an upland terrace along the North bank ofthe Salt River. The third site is ofa smaller
scale and consists oftwelve basins located within two abandoned sludge-drying basins ofthe WWTP.

The hydrologic balance at the Tres Rios sites was evaluated using the following equation.

Qin=+ Qrain = Qout + Qeto + Qinf

In the equation, Qin and Qout were measured from the V-Notch Weirs; Qrain was obtained from an
on-site rain-gage and from the AZMET weather station in Litchfield Park; Qeto (evapotranspiration)
was obtained from the Arizona Meteorological Network weather station located 1 mile North of
McDowell Rd. On Cotton Lane in Litchfield Park; Qinf (infiltration) was calculated from the water
balance equation. Since the Qeto was obtained from the weather station, it actually only includes the
evaporation not the plant consumption. Therefore, for the Tres Rios data, the infiltration rate
includes infiltration and plant consumption (transpiration).

The long term average hydrologic performance of the Tres Rios Cobble and Hayfield Site wetland
cells is shown in Table 6-1. As shown in the table, cell 1 of the Cobble Site is an unlined cell; all
others are lined cells using soil liner. The Cobble Site cells are 2.2 acres each and the Hayfield Site
cells are 3 acres each. The evaporation rate is 6 gpm (4.4 ftlyr) for Cobble Site cells and 8 gpm (4.3
ftlyr) for Hayfield Site cells. Compared to evaporation, infiltration is a major water loss in the system.
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• The infiltration rate is 546 gpm (400.4 ftlyr) for the unlined cell Cl, and 60 gpm (43.9 ftJyr), 67 gpm
(36.0 ft/yr), and 95 gpm (51.1 ftJyr) for the lined cells C2, HI, and H2.

The infiltration rate presented in Table 6-1 is a long term average value. Field observation shows that
during initial filling ofCI (unlined), infiltration rates were approximately 2190 ftJyr (1356 gpm per
acre). Two months after initial filling of the basin, the infiltration rate had been reduced to only 657
ftJyr (407 gpm per acre). The last time the cell was isolated (3 months after initial filling) this loss
rate had further reduced to 292 ftJyr (181 gpm per acre). What appears to have happened is that a
clogging layer has formed (and may be continuing to form) thereby reducing the infiltration losses in
Cl.

In this design analysis, the long term average value of292 ftJyr is used to approximate the infiltration
plus transpiration value for the nature earth wetland, and 43.7 ftJyr is used to approximate the
infiltration plus transpiration value for wetland with soil liner. The selected evaporation value is 4.4
ftJyr.

6.2 TRANSPIRATION - PLANT CONSUMPTION RATES

During the Recon study, the State ofArizona Game and Fish Department provided plant consumption
values for riparian vegetation. The original data sources are listed below.

(a) Bill Wiesenbome, US Bureau ofReclamation, Lower Colorado (from draft DR! report)

• (b) Johns, E.L. 1990, Vegetation Management Study Lower Colorado River. Bureau ofReclamation,
Denver, Colorado.

(c) Norman, R, L. Finger, D. Titus, and R Gearhart, 1993, Review ofwetland evapotranspiration
literature. Prepared for US Bureau ofReclamation, Lower Colorado Region. Contract No. 1-05-30
12790.

(d) US Bureau ofReclamation, 1992 Vegetation Management Study - Lower Colorado River - Phase
I Report, Boulder City, Neveda.

(e) Dr. Julie Stromberg (Center for Environmental Studies, Arizona State University). Dr. Stromberg
is working with the City ofTempe on their mesquite restorations (mitigation areas for channelization
of Salt River). Dr. Stromberg's report is listed in (t).

(t) Swenson, B., J. Stromberg, and D. Patten, 1993, Rio Salado WJ.1dlife Habitat Restoration - 13
Acre Site - Revegetation Monitoring Report. Center for Environemntal Studies, Arizona State
University, Tempe, Arizona.
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(g) iliaf, W. L., D. T. Patten, and E. Turner, 1984, Issues Concerning Pheatophyte Clearing, •
Revegetation, and Water Saving Along the Gila River, Arizona, US Anny Corps of Engineers
Contract No. DACW09-83-M-2623.

Table 6-2 summarizes the different riparian vegetations and the associated transpiration values based
on the above data sources.

6.3 GENERALIZED WATER BUDGET ESTIMATES FOR WETLANDS

In the Reconnaissance Study, the recommended habitat restoration alternative includes two
components: the Tempe Reach and the Phoenix Reach. Upon the completion of the Reconnaissance
Study, the Corps of Engineers slightly modified the habitat restoration alternative. The proposed
restoration of the Tempe Reach would involve a constructed wetland in the Salt River downstream
of the Indian Bend Wash, a constructed wetland in the Salt River downstream of Town Lake, and
the constructed wetland and Mesquite Bosque in Indian Bend Wash. The proposed restoration of
the Phoenix Reach would involve the construction ofa 200-foot wide low-flow channel in the river
bottom, the establishment ofriparian habitat in the river bottom and along the edges ofthree gravel
pits, and the establishment of mesquite habitat on the benches and overbanks ofthe river channel.

Based on the recommended habitat restoration alternative, the water budget analysis was conducted
for the 40-acre and 100-acre wetlands. This analysis will provide a generalized water budget for
wetlands. Three kinds of wetland bottom design were considered in this analysis; these includes
unlined bottom (natural earth bottom), lining with a soil liner, and lining with a synthetic
geomembrane. The soil liner design would consist ofa clay layer to cover the bottom ofthe wetland
to reduce the infiltration rate. At the Tres Rio site the soil liner reduced about 90 per cent of the
infiltration rate compared to the unlined wetland. A synthetic liner would consist of a 0.03 inches
(could be thinner or thicker) PVC membrane. The synthetic liner can effectively block the
goundwater infiltration.

Tres Rio Demonstration Construction Wetlands provided useful data on wetland design. Based on
Tres Rio data, the evaporation rate was used as 4.4 ft/yr and the infiltration rates were used as 292
ft/yr for unlined (natural earth bottom) wetland and 43.7 ft/yr for wetland with soil liner. Section 6.2
presents the transpiration rates for a variety of plants. To be on the conservative side, the
transpiration rate ofcattail, 16.5 ft/yr, was used.

Table 6-3 presents the water budget estimate for the Rio Salado wetland design. The calculation was
based on the unit of acre feet per year (acre.ft/yr) and then was converted to the units ofcubic feet
per secOnd (cfs) and million gallon per day (mgd) for comparison. As shown in the table, for the 40
acre wetland, the water demands are 10.6 mgd, 1.7 mgd, and 0.7 mgd for wetland with natural
bottom, soil liner, and synthetic liner respectively. For the 100-acre wetland, the water demands are
26.5 mgd, 4.3 mgd, and 1.9 mgd for unlined, soil lined, and synthetic lined wetland respectively.
Thus, the·water demand of an unlined wetland is approximately 15 times that of the wetland with

94

•

•



•

•

•

synthetic liner. An unlined wetland of 100 acres may require 26.5 mgd ofwater supply; 27 water
supply wells each pumped at one mgd rate. Even for a 40-acre unlined wetland, the water demand
will be 10.6 mgd which requires 11 water supply wells each pumped at one mgd rate.

The water budget analysis shows that an unlined wetland may requires excessive water supply and
may not be feasible for design. Wetlands with soil liner or synthetic liner require moderate
water supply and should be considered for design.

6.4 PROJECT ALTERNATIVES

Alternatives for the environmental restoration ofthe Phoenix Reach and Tempe Reach of the Salt
River were presented in the interim feasibility study completed by the USACE, entitled "Rio Salado,
Salt River, Arizona, General Investigations, F3 Package, January 1997". The USACE has since
narrowed the range ofalternatives to only those which include a 200-foot wide low-flow channel for
the Phoenix Reach. The USACE has also added a new site to the Tempe Reach, the Salt River
segment immediately downstream of Town Lake. In the main report, the project alternatives are
described in detail. Therefore, in this Section, the project alternatives are only briefly described.

6.4. 1Phoenix Reach

The Phoenix Reach is a 5-mile portion ofthe Salt River which runs through the City ofPhoenix. The
upstream limit ofthe Phoenix Reach is the Interstate-10 bridge, and the downstream limit is the 19th
Avenue bridge. Currently, much of the Phoenix Reach is occupied by old landfills and active
sand/gravel mining operations along the banks of the river. The proposed restoration ofthe Phoenix
Reach would involve the construction ofa 200-foot wide low-flow channel in the river bottom, the
establishment ofriparian habitat in the river bottom and along the edges ofthree gravel pits, and the
establishment of mesquite habitat on the benches and overbanks of the river channel. The project
would also include the construction of recreational trails in the river bottom and on the banks and
overbanks ofthe river. The Phoenix Reach includes the restoration ofa total ofapproximately 880
acres. This includes about 550 acres in the Salt River channel and 330 acres at three separate gravel
pits along the channel.

Alternatives in the Phoenix Reach of the Salt River are briefly listed below.

PI. No Action Alternatives (NA)

P2. Alternative SR/LW

P3. Alternative SR/HW

P4. Alternative SR/LW+S
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P5. Alternative SRIHW+S

P6. Alternative SR+G/LW

P7. Alternative SR+GIHW

P8. Alternative SR+GILW+S

P9. Alternative SR+GILW+S

PlO. Alternative SRIMW+S (proposed Action)

6.4.2 Tempe Reach

The Tempe Reach consists ofportions ofthe Salt River and Indian Bend Wash immediately adjacent
to Town Lake. Town Lake is an artificial body ofwater which the City ofTempe plans to construct
within the Salt River channel at the confluence ofthe Salt River and Indian Bend Wash. The lake will
be constructed by installing inflatable dams across the river and filling the area between the dams with
water. The lake will be approximately 200 acres in size and will contain about 3,500 acre-feet of
water. Construction is anticipated to begin in late 1997.

•

The Tempe Reach includes three areas which would be restored. The first area is located in Indian
Bend Wash between the McKellips Road bridge and the confluence with the Salt River, a distance •
of 1.3 miles. A municipal golf course now occupies the land in the wash between McKellips and
Curry Roads and, therefore, the restoration will be limited to the low-flow channel in this section of
the wash. Between Curry Road and the Salt River, restoration efforts will include the-entire area
between the banks which define the wash, including both the low-flow channel and the benches on
either side ofthe channel. The second area included in the Tempe Reach, referred to as upstream Salt
River, is an 1,800-foot length of the Salt River between the grade control structure ·200 feet
downstream from the McClintock Road bridge and the upstream dam of Town Lake. The third area,
referred to as downstream Salt River, is an area of the Salt River immediately below the downstream
dam ofTown Lake.

In the Tempe Reach, there are a total ofapproximately 110 acres to be restored. This includes about
20 acres in the low-flow channel ofthe Indian Bend Wash, 30 acres in the bench of the wash, 30 acres
in the Salt River bottom upstream ofTown Lake, and 30 acres in the Salt River bottom downstream
ofTown Lake.

Alternatives of the Tempe Reach of the Salt River are briefly listed below.

Tl. No Action Alternative (NA)

T2. Alternative mwILW

96 '.



•

•

•

T3. Alternative mW+SR(US+DS)/LW

T4. Alternative mW+SR(DS)/HW

T5. Alternative mW+SR(US+DS)/HW

T6. Alternative SR DS/HW

T7. Alternative (proposed Action)
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6.5 WATER BUDGET ANALYSIS FOR THE PROJECT ALTERNATIVES

Water losses for the project alternatives through the Phoenix Reach include water losses through the
perrennial stream channel, wetland marsh, and habitat.

Water losses through the perennial stream channel were analyzed in detail in the Low Flow Channel
Hydrology Section (Section 2.3). Two different designs ofperennial streams were considered in the
analysis. In the 5-mile perennial stream design, the length of the meandering channel along its flow
path is expected to be about 7.5 miles and the width is expected to be approximately 10-20 feet. The
wetted area along the perennial stream channel is about 18.2 acres, and the infiltration rate is about
400 ft/yr. The evapotranspiration rate along the perennial stream was assumed, based on warm
weather losses, to be 40 ft/yr. In the 2.5-mile perennial stream design, the wetted area is expected
to be 5.5 acres. The lakes will be lined with synthetic liners, and therefore the infiltration losses from
the lakes will be negligible.

Water losses through the Tempe Reach for the project alternatives include wetland marsh, upland
habitat and low flow channel. The low flow channel is in Indian Bend Wash from McKellips Road
to Salt River, a distance of 1.3 miles. Along the wetted area of the low flow channel, the width is
estimated to be 5 to 10 feet. Therefore, the wetted area for the Indian Bend Wash low flow channel
is estimated to be 1.22 acres.

•

In Section 6.3, Generalized Water Budget Estimates for Wetlands, the infiltration loss and
evapotranspiration loss were estimated based on the Tres Rio data, while the plant consumption rates •
(transpiration rates) were cited based on published papers. In the analysis, the infiltration plus
transpiration rate for a wetland with soil liner is 43.7 ft/yr. Section 6.2 cited plant consumption rate
and related publications. As listed on Table 6-2, the evapotranspiration rate is 16.5 ft/yr for cattail
and 7.8 ft/yr for cottonwood. Using the same parameters, water budgets for the project alternatives
were estimated using soil liner and synthetic liner designs. Results are presented in Tables 6-4 and
6-5.

Table 6-4 presents the water budget estimates for the project alternatives assuming use ofa soil liner.
As shown on this table, the water budget is from 2 mgd to 13 mgd for the Phoenix Reach and from
0.15 mgd to 3 mgd for the Tempe Reach. The major water losses are from the perennial stream
channel and wetlands.

Phoenix Reach detailed water budget calculations for the Proposed Action(plO) are listed
below.

Water Losses through Low Flow Channel

(a) Perennial Stream
Evapotranspiration Loss = 5.5 acre x 40 ft/yr = 220 acre-ft/yr
Infiltration Loss = 5.5 acre x 400 ft/yr = 2200 acre-ft/yr
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(b) Lakes
Evapotranspiration Loss = 9 acre x 40 ft/yr = 360 acre-ft/yr
Infiltration Loss = 0 (assume synthetic liner for the lakes)

Water Losses through Wetland Habitat

Evapotranspiration Loss (Mesquite) = 130 acre x 1.6 ft/yr = 208 acre-ft/yr
Evapotranspiration Loss (Cottonwood Willow) = 99 acre x 7.8 ft/yr = 772.2 acre-ft/yr
Evapotranspiration Loss (Wetland Marsh, Cattail) = 40 acre x 16.5 ft/yr = 660 acre-ft/yr
Evapotranspiration Loss (Open Water Lake) = 9 acre x 40 ft/yr = 360 acre-ft/yr
Infiltration Loss (Wetland Marsh) = 40 acre x 43.7 ft/yr = 1748 acre-ft/yr

Total Loss = 6528.2 acreftlyr = 5.82 mgd

Tempe Reach detailed water budget calculations for the Proposed Action(T7) are listed below.

Water Losses through Low Flow Channel

(a) Perennial Stream
Evapotranspiration Loss = 1.22 acre x 40 ft/yr = 48.8 acre-ft/yr
Infiltration Loss = 1.22 acre x 400 ft/yr = 488 acre-ft/yr

Water Losses through Wetland Habitat

Evapotranspiration Loss (Mesquite) = 30 acre x 1.6 ft/yr = 48 acre-ft/yr
Evapotranspiration Loss (Cottonwood Willow) = 20 acre x 7.8 ft/yr = 156 acre-ft/yr
Evapotranspiration Loss (Wetland Marsh, Cattail) = 16 acre x 16.5 ft/yr = 264 acre-ft/yr
Infiltration Loss (Wetland Marsh) = 16 acre x 43.7 ft/yr = 699.2 acre-ft/yr

Total Loss = 1704.0 acrejt/yr = 1.52 mgd

In order to reduce the water consumption, the wetlands were assumed to be lined with the synthetic
liner. Synthetic liner can effectively block the water infiltration loss. With the synthetic liner, the
water budget was reevaluated and is presented in Table 6-5. As shown on this table, the water
budget is from 1 mgd to 10 mgd for the Phoenix Reach, while the water budget is from 0.15 mgd to
1 mgd for the Tempe Reach.

6.5.1 Recommendation

There are some concerns regarding the water budget analysis. First, the water budget analysis was
based on the long term steady-state condition. However, during the start-up stage, the project
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requires more water. As shown in the Low-Flow Channel Hydrology Section (Table 2-6), the •
calculated initial start-up water supply is about 60 percent more than that under the steady-state
condition. Another concern is the evapotranspiration calculation. Although the major water losses
are from the groundwater infiltration through the perennial stream and wetlands, water losses through
evapotranspiration take 35 percent of the total water budget for the Proposed Action - PIO.
Evaporation data in the study area show that during warm weather, the evaporation rate can be
double the average annual rate. This implies that during the start-up stage during extremely warm
weather, the water budget may be 95 percent more than the steady-state value. Therefore, it is
recommended that the water supply system be designed with a capacity two times larger than that
calculated under the steady-state condition.

•
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TABLE 6-1 WATER BUDGET FOR TRES RIOS WETLANDS

I I Cobble Site I Hayfield Site I
Cell Cl C2 HI H2

Lining unlined lined lined lined

Size(acre) 2.2 2.2 3.0 3.0

Inflow(gpm) 752 254 279 406

Outflow(gpm) 202 190 207 306

Evaporation(gpm) 6 6 8 8

Evaporation(ftJyr) 4.4 4.4 4.3 4.3

Infiltra. (gpm) 546 60 67 95

Infiltra. (gpmJacre) 248.2 27.3 22.3 31.7

Infiltra.(ftJyr) 400.4 43.9 36.0 51.1

1 gpm = 0.00442 acre-ftJd
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TABLE 6-2 TRANSPIRATION RATE FOR RIPARIAN HABITAT

I Habitat I ft/yr I
Arrowweed 1.2

Screwbean Mesquite and Tamarisk Mix 1.2

Honey Mesquite 1.6

Salt Cedar and Honey Mesquite Mix 3.3

Cottonwood willow (low density) 3.6

WIllow 2.5-4.4

Cottonwood and Mesquite 3.1

Cottonwood 7-8.5

Cattail 7.5-16.5

Scirpus 3.2-22.7

Carex 3.8-6.4

Salt Cedar 3-9.2

Quailbush 3-4

Saltgrass 0.8-4.0

Saltbush 3.2

Sacaton Grass 4

Bermuda Grass 2.3-6.0
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TABLE 6-3 WATER BUDGET ESTIMATION

I
Size I 40

I
40

I
40

I
100

I
100

I
100

I(acre)

Unlined Soil Synthetic Unlined Soil Synthetic
Linning (Natural Liner Liner (Natural Liner Liner

Bottom) Bottom)

Evaporation 176 176 176 440 440 440
(acre-ftJyr)

Infiltration +
Transpiration 11680 1748 660 29200 4370 1650
(acre-ftJyr)

Total Water
Budget 11856 1924 836 29640 4810 2090

(acre-ftJyr)

Total Water
Budget 16.4 2.7 1.1 40.9 6.6 2.9

(cfs)

Total Water
Budget 10.6 1.7 0.7 26.5 4.3 1.9
(mgd)

Evaporation Rate: 4.4 ftJyr
Infiltration Plus Transpiration Rate: 292 ftJyr (unlined)
Infiltration Plus Transpiration Rate: 43.7 ftJyr (soil liner)
Transpiration Rate: 16.5 ftJyr (based on Cattail)
1 mgd = 1120 acre-ftJyr = 1.547 cfs = 694.4 gpm
1 acre-ftJyr = 0.00138 cfs = 0.619 gpm = 0.000893 mgd
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I
TABLE 6-4

IWATER BUDGET ESTIMATES, WITH SOIL LINER

Items Area Evap. Infil. Total Loss Total Loss
(acres) (ac-ftfyr) (ac-ftfyr) (ac-ftfyr) (mgd)

P2. Alternative SRILW

Low Flow Channel 0 0 0 0 0

Wetland Marsh 40 176 1748 1924 1.72

Other Habitat 30 255 - 255 0.23

Total Water Budget - - - 2179 1.95

P3. Alternative SRIHW

Low Flow Channel 0 0 0 0 0

Wetland Marsh 100 440 4370 4810 4.30

Other Habitat 35 297.5 - 297.5 0.26

Total Water Budget - - - 5107.5 4.56

P4. Alternative SRILW+S

Low Flow Channel 18.2 728 7280 8008 7.15

Wetland Marsh 40 176 1748 1924 1.72

Other Habitat 30 255 - 255 0.23

Total Water Budget - - - 10187 9.10

P5. Alternative SRIHW+S

Low Flow Channel 18.2 728 7280 8008 7.15

Wetland Marsh 100 440 4370 4810 4.30

Other Habitat 35 297.5 - 297.5 0.26

Total Water Bud~et - - - 13115.5 11.71
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I TABLE 6-4 (Continued), WATER BUDGET ESTIMATES, WITH SOIL LINER I
Items Area Evap. Infil. Total Loss Total Loss

(acres) (ac-ftIyr) (ac-ftIyr) (ac-ftIyr) (mgd)

P6. Alternative SR+G/LW

Low Flow Channel 0 0 0 0 0

Wetland Marsh 40 176 1748 1924 1.72

Other Habitat 30 255 - 255 0.22

Total Water Budget - - - 2179 1.94

P7. Alternative SR+G/HW

Low Flow Channel 0 0 0 0 0

Wetland Marsh 100 440 4370 4810 4.30

Other Habitat 90 765 - 765 0.68

Total Water Budget - - - 5575 4.98

P8. Alternative SR+G/LW+S

Low Flow Channel 18.2 728 7280 8008 7.15

Wetland Marsh 40 176 1748 1924 1.72

Other Habitat 45 382.5 - 382.5 0.34

Total Water Budget - - - 10314.5 9.21

P9. Alternative SR+G/HW+S

Low Flow Channel 18.2 728 7280 8008 7.15

Wetland Marsh 100 440 4370 4810 4.30

Other Habitat 90 765 - 765 0.68

Total Water Budget - - - 13583 12.13

PIO. Alternative SRIMW+S (proposed Action)

Low Flow Channel 5.5 220 2200 2420 2.16

Wetland Marsh 58 1380 1748 3128 2.79

Other Habitat 229 973 - 973 0.87
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I TABLE 6-4 (Continued), WATER BUDGET ESTIMATES, WITH soa LINER I
ITotal Water Budget I - I - I - I 6521 I 5.82 I
I TABLE 6-4 (Continued), WATER BUDGET ESTIMATES, WITH soa LINER I

Items Area Evap. Infi!. Total Loss Total Loss
(acres) (ac-ft/yr) (ac-ftfyr) (ac-ftfyr) (mgd)

TI. Alternative mw/LW

Wetland Marsh 0 0 0 0 0

Other Habitat 20 170 - 170 0.15

Total Water Budget - - - 170 0.15

n. Alternative mW+SR(US+DS)/LW

Wetland Marsh 0 0 0 0 0

Other Habitat 30 255 - 255 0.23

Total Water Budget - - - 255 0.23

T4. Alternative mW+SR(DS)/HW

Wetland Marsh 58 255.2 2534.6 2789.8 2.5

Other Habitat 0 0 - 0 0

Total Water Budget - - - 2789.8 2.5

T5. Alternative mW+SR(US+DS)/HW

Wetland Marsh 66 290.4 2884.2 3174.6 2.83

Other Habitat 0 0 - 0 0

Total Water Budget - - - 3174.6 2.83

T6. Alternative SR DS/HW

Wetland Marsh 8 35.2 349.6 384.8 0.34

Other Habitat 0 0 - 0 0

Total Water Budget - - - 384.8 0.34
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I TABLE 6-5

IWATER BUDGET ESTIMATES, WITH SYNTHETIC LINER

Items Area Evap. Infil. Total Loss Total Loss
(acres) (ac-ft/yr) (ac-ft/yr) (ac-ft/yr) (mgd)

P2. Alternative SRILW

Low Flow Channel 0 0 0 0 0

Wetland Marsh 40 656 0 656 0.58

Other Habitat 30 255 - 255 0.23

Total Water Budget - - - 911 0.81

P3. Alternative SR/HW

Low Flow Channel 0 0 0 0 0

Wetland Marsh 100 1640 0 1640 1.46

Other Habitat 35 297.5 - 297.5 0.26

Total Water Budget - - - 1937.5 1.72

P4. Alternative SRILW+S

Low Flow Channel 18.2 728 7280 8008 7.15

Wetland Marsh 40 656 0 656 0.58

Other Habitat 30 255 - 255 0.23

Total Water Budget - - - 8919 7.96

P5. Alternative SR/HW+S

Low Flow Channel 18.2 728 7280 8008 7.15

Wetland Marsh 100 1640 0 1640 1.46

Other Habitat 35 297.5 - 297.5 0.26

Total Water Budget - - - 9945.5 8.87
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I TABLE 6-5 (Continued), WATER BUDGET EST., WITH SYNTHETIC LINER I
Items Area Evap. Infil. Total Loss Total Loss

(acres) (ac-ft/yr) (ac-ft/yr) (ac-ft/yr) (mgd)

P6. Alternative SR+G/LW

Low Flow Channel 0 0 0 0 0

Wetland Marsh 40 656 0 656 0.58

Other Habitat 30 255 - 255 0.22

Total Water Budget - - - 911 0.80

P7. Alternative SR+GIHW

Low Flow Channel 0 0 0 0 0

Wetland Marsh 100 1640 0 1640 1.46

Other Habitat 90 765 - 765 0.68

Total Water Budget - - - 2405 2.14

P8. Alternative SR+G/LW+S

Low Flow Channel : 18.2 728 7280 8008 7.15

Wetland Marsh 40 656 0 656 0.58

Other Habitat 45 382.5 - 382.5 0.34

Total Water Budget - - - 9046.5 8.07

P9. Alternative SR+GIHW+S

Low Flow Channel 18.2 728 7280 8008 7.15

Wetland Marsh 100 1640 0 1640 1.46

Other Habitat 90 765 - 765 0.68

Total Water Budget - - - 10413 9.29

PIO. Alternative SRIMW+S (proposed Action)

Low Flow Channel 5.5 220 2200 2420 2.16

Wetland Marsh 58 1380 0 1380 1.23
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I TABLE 6-5 (Continued), WATER BUDGET EST., WITH SYNTHETIC LINER I
Other Habitat 229 973 - 973 0.87

Total Budget - - - 4773 4.26

I TABLE 6-5 (Continued), WATER BUDGET EST., WITH SYNTHETIC LINER I
Items Area Evap. Infil. Total Loss Total Loss

(acres) (ac-ftfyr) (ac-ftfyr) (ac-ftfyr) (mgd)

TI. Alternative mwILW

Wetland Marsh 0 0 0 0 0

Other Habitat 20 170 - 170 0.15

Total Water Budget - - - 170 0.15

n. Alternative mW+SR(US+DS)~W

Wetland Marsh 0 0 0 0 0

Other Habitat 30 255 - 255 0.23

Total Water Budget - - - 255 0.23

T4. Alternative mW+SR(DS)/HW

Wetland Marsh 58 951.2 0 951.2 0.84

Other Habitat 0 0 - 0 0

Total Water Budget - - - 951.2 0.84

T5. Alternative mW+SR(US+DS)/HW

Wetland Marsh 66 1082.4 0 1082.4 0.96

Other Habitat 0 0 - 0 0

Total Water Budget - - - 1082.4 0.96

T6. Alternative SR DS/HW

Wetland Marsh 8 131.2 0 131.2 0.11

Other Habitat 0 0 - 0 0

Total Water Budget - - - 131.2 0.11
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VII. HYDROGEOLOGY AND CONCEPTUAL MODEL

The Rio Salado study area is located in the Phoenix Active Management Area (AMA) .and is
comprised ofportions oftwo distinct but interconnected alluvial groundwater basins. These basins,
West Salt River Valley (WSRV) and East Salt River Valley (ESRV), are shown on Figure 7-1. In
this Chapter, the hydrogeologic setting and hydrologic system ofthe Salt River Valley (SRV) will be
first discussed. Then, the current groundwater condition at the Tempe area and the Phoenix area of
the Rio Salado Project will be presented.

7.1 HYDROGEOLOGIC SETTING

The subsurface geologic conditions in the Salt River Valley (SRV) are described by the USBR
(1976), the USGS (Laney and Hahn, 1986; Brown and PooL 1989), and by ADWR (Corkhill, 1993).
All three investigations divide the basin-fill sediments into three hydrogeologic units. However, the
units have sometimes been defined differently. This report uses the most recent division of
hydrogeologic units, as described by ADWR.

There are three hydrogeologic units: the lower alluvial unit (LAD), the Middle Alluvial Unit (MAU),
and the Upper Alluvial Unit (VAU). There is also a Red Unit which forms the base ofthe aquifer
beneath parts ofthe area. The LAU overlies the Red Unit and consists mainly of conglomerate and
gravel. The LAU is tapped by many city wells and it is estimated that approximately 25 percent of
the pumpage in the SRV originates from this unit (ADWR, 1993). The LAU may be less than 100
feet thick near the basin margins and several thousands offeet thick in the central areas ofthe basins.
The MAU overlies the LAD and consists mainly of clay, silt, mudstone and some sand and gravel.
The unit ranges in thickness from 100 feet to over 1600 feet in the deeper parts of the basin. The
MAU is now the primary source ofgroundwater in the valley. ADWR estimates that about one half
of the total pumpage in the valley is from the MAD. The UAU overlies the MAU and consist
primarily ofgraveL sand and silt. The amount ofcoarse-grained deposits in this unit is highest near
the Salt.<md Gila Rivers. The thickness ofthe DAD is relatively uniform and ranges from 200 to 300
feet thick in ESRV and between 300 and 400 feet thick in the WSRV. In the past, the UAU was the
primary source of groundwater in the valley, but because of lower water levels(decreased
groundwater elevations) and large areas ofpoor quality water, only about one fourth ofgroundwater
pumped in the valley is from the DAD. Important sources of recharges to groundwater in the valley
include infiltration of Salt River flows, mountain recharge along the McDowell and Superstition
Mountains, percolation of excess irrigation water, and canal seepage. Figure 7-2 shows the Salt
River Valley generalized groundwater cross-section. The location ofthe cross-section is shown in
Figure 7-1.
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7.2 HYDROLOGIC SYSTEM

7.2.1 Predevelopment Hydrologic System

The predevelopment hydrologic system of the Salt River Valley is described by the Arizona
Department ofWater Resources (ADWR). Prior to the arrival ofnon-Indian settlers in the 1860's
and 1870's, the hydrologic system in the SRV was in a state ofequilibirum. Flows into and out of
the SRV were in approximate balance and water levels generally remained constant. The main
components ofthe predevelopment groundwater budget were underflow, stream channel infiltration,
mountain front recharge, and evapotranspiration. An approximate predevelopment groundwater
budget is presented in Table 7-1 and the components are described below.

7.2.2 Groundwater Flow

In general, groundwater moved east to west through the SRV. Most of the Salt River Valley
groundwater moved in a direction towards the lower topographic areas. Substantial groundwater
flow moved northwestward along the Gila River and passed through the gap between the South
Mountain and the Sierra Estrella.

7.2.3 Stream Recharge

Prior to development ofthe valley and construction ofupstream reservoirs, the Salt and Gila Rivers
were perennial throughout the SRV. The rivers were significant sources ofgroundwater recharge
in some areas and recipients ofgroundwater discharge in other areas. The reaches ofthe river can
be classified as losing or gaining. The rivers 'lose' water where the groundwater table elevation is
lower than the water level in the river channel. Similiarly, the river 'gains' when groundwater is
discharged into the river, where the water table is higher than the water level in the channel. ADWR
estimated the total recharge from the Agua Fria River, Cave Creek, New River, Skunk Creek, and
Queen Creek to be about 20,000 acre-feet per year.

7.2.4 Mountain Front Discharge

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

7.2.5 Evapotranspiration

Under predevelopment conditions, ADWR identified evapotranspiration as the major source of
discharge from the groundwater system in the SRV. Evapotranspiration is the process ofevaporation
from water surfaces and moist soil and transpiration from vegetation. During the predevelopment
period, there were approximately 48,000 acres of phreatophytes along the Salt and Gila Rivers.
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ADWR used an evapotranspiration rate of 1.6 acre-feet per acre per year to estimate a loss of 76,000 •
acre-feet per year. .

7.2.6 Modern Hydrologic System

Inigation was originally developed by diversion ofstreamflow into canals. By the turn ofthe century,
much of the valley was waterlogged, due to recharge from canal seepage and deep percolation,
combined with a lack of groundwater pumping. Beginning in the 1920's and 1930's, substantial
groundwater pumpage began for irrigation and to control shallow groundwater levels. Following
Wodd War II, extensive pumpage began, primarily for irrigation. This resulted in extensive
groundwater overdraft. With the advent ofthe State Groundwater Management Act, the extent of
overdraft has been curtailed through management procedures such as decreased irrigation pumpage,
water conservation pratices, and irrigational recharge projects. By the late 1980's, water levels within
the Salt River Project had essentially stabilized. Continuing overdraft was present, however, in some
off-project areas.

7.2.7 Static Groundwater-Level Conditions

ADWR published "Maps Showing Groundwater Conditions in the Phoenix Active Management
Area" in July 1995. The detailed groundwater survey of fall and winter 1991-92 was the first one in
which water levels in wells were measured in all seven sub-basins of the Phoenix Active Management
Area at about the same time. The vast majority of the more than 2,000 measurements were made
during November 1991. Field work continued intermittently in the area through January 1992 in •
order to obtain additional data to provide acceptable coverage.

On the regional scale groundwater is generally moving laterally toward extensive and deep
depressions in some ofthe main aquifer systems. In the East Salt River sub-basin, major groundwater
depressions are centered in the Scottsdale-Paradise Valley area, in east Mesa, and north ofthe Santan
Mountains. A depression in the vicinity of the community of Maricopa in the Pinal Active
Management Area is apparently diverting groundwater from the southern part of the East Salt River
sub-basin near the Gila River. .

Significant water-level or head differences exist in proximate wells within some of the main aquifer
systems. During the 1991-92 measurement period, differences exceed 25 ft in several places, and
exceeded 400 ft in a small area north of the Santan Mountains in the East Salt River sub-basin. The
major areas of these differences are located in the East Salt River sub-basin, and extend from north
Scottsdale to south Chandler to the southeast part of the sub-basin. They are separated by the Salt
River. Presumably, the higher water levels are mostly the result offine-grained deposits in the upper
basin fill which inhibit downward movement ofwater. Much of these areas corresponds to areas
described as having perched groundwater in the upper unit by Laney and Hahn (1986), and to a
regional perched zone descnbed by Schmidt based on work done by the U.S. Bureau ofReclamation
and the U.S. Geological Survey in 1972 (1981).
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7.2.8 Groundwater-Level Changes

For the time periods extending from the detailed water-level surveys of fall and winter 1981-82 and
1982-83 to that offall and winter 1991-92, data indicate there were general rises in water levels in
the study area. During the respective periods, pumpage was reduced compared to the recent past,
and abundant surface water was available in many areas, with much ofthis surface water becoming
incidental recharge. Measurements in 1991-92 were made in approximately 1,150 wells that had also
been measured in the earlier survey. Ofthese, only about 100 wells exhibited declines in water levels
during the respective periods.

In the main aquifer system, water level rises of 50 feet or more occurred in many wells in all of the
major groundwater depressions mentioned in the previous Section except in the south portion of the
Hassayampa sub-basin, where maximum rises of about 20 feet occurred over the respective time
period. The rises in all of these groundwater depressions were probably due primarily to the
combined effect of reduced pumping and migration ofgroundwater from adjacent areas.

In general, water levels declined during the period in much of the areas near the Salt, Gila, and Agua
Fria Rivers in the West Salt River sub-basin. The declines were generally less than 25 feet. An
explanation for at least part of these declines could be that when the survey was conducted in 1982
83, water levels near theSe rivers were still elevated due to the especially large flood flows that began
in late 1978 and continued off and on through 1981. Part of the rises in areas adjacent to areas of
decline might be explained by lateral groundwater movement away from the rivers, where the
groundwater had been introduced as recharge during the flood flows. Similarly, this type of process
may explain part ofthe declines and rises in the vicinity of the Town of Queen Creek, near the course
ofQueen Creek itself: in the East Salt River sub-basin.

7.3 CURRENT GROUNDWATER CONDITION IN TEMPE AREA

Figure 7-3 shows three well hydrographs in Tempe area. The locations ofthese wells are shown in
Figure 7-1. As shown in these hydrographs, the groundwater elevations are generally moving up in
this area. The general groundwater elevation contours in Indian Bend Wash area are shown in Plate
5A. The groundwater elevation contours are generated using a groundwater flow model that was
calibrated to the current groundwater conditions. The development ofthe groundwater flow model
is presented in a latter Section, Section 7.5.

The City ofTempe is planning a major urban redevelopment project at the confluence ofIndian Bend
Wash and the Salt River. The Tempe Town Lake project is a plan for converting several miles ofdry
river bed into a recreation lake. The 200-acre riparian habitat/recreation lake will extend from about
1,500 feet west of:Mill Avenue, east to the Indian Bend Wash. The physical components ofTown
Lake include the dams or impoundment structures-the main downstream dam and the upstream dam
which will serve to establish the extent of the lake, seepage control and lining system, and others.
Three types of seepage control features may be used for the facility: (1) a soil/bentonite slurry wall
around the approximate downstream (west) half of the lake; (2) high-capacity seepage control wells,
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the water from which will be returned to the lake to maintain the lake surface water level; and (3) •
infiltration rate reduction materials that may be placed on the river bottom in the upstream (east) half
of the lake to reduce seepage losses from the lake. After the construction of the lake, the local
groundwater conditions will be affected. The City ofTempe is currently investigating the hydrologic
impact due to the lake.

7.4 CURRENT GROUNDWATER CONDITION IN PHOENIX AREA

Figure 7-4 shows three well hydrographs in Phoenix area. The locations of these wells are shown in
Figure 7-1. Similar to the Tempe area well hydrographs, the groundwater elevations are generally
moving up. The general groundwater elevation contours in Phoenix area are shown in Plates 4-1
through 4-4.

TABLE 7-1, ESTIMATED PREDEVELOPMENT GROUNDWATER
BUDGETFORSRV

Source ofInflow to SRV Volume
(ac-ft/yr)

Stream Channel Recharge 100,000

Groundwater Inflow 30,000

Mountain Front Recharge 10,000

Total Inflow 140,000

Groundwater Discharge to Stream Channel 60,000

Evapotranspiration 76,000

Total Outflow 140,000
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VIII. DEVELOPMENT OF A GROUNDWATER FLOW MODEL

Chapter 7 presented the hydrogeology of the study area. Based on the hydrogeology, this Chapter
presents the development of a groundwater flow model of the study area. The model is used to
~imulate the groundwater changes due to the wetland restoration of the Rio Salado Project. Because
of project schedule constraint, this task is conducted at a screening level of model investigation.

8.1 MODEL SELECTION

Arizona Department ofWater Resources (ADWR) has developed a regional groundwater flow model
ofthe Salt River Valley (SRV). The goal of the SRV groundwater modeling effort is to provide an
analytical tool capable of quantifying the effects of various groundwater management and
conservation scenarios on the groundwater supplies within the study area. The SRV groundwater
model uses 3D-MODFLOW and has been calibrated under steady state and transient conditions.

Based on the SRV groundwater model data, a site specific model along the Rio Salado Project study
area was developed. The model code was also using the 3D-MODFLOW.

8.2 MODEL GRID

The site specific model grid is 70 rows by 100 columns, with 3 layers and is aligned with the local
baseline and meridian. The north and south boundaries of the model are Me Dowell Road and
Dobbins Road respectively, while the east and west boundaries are 40th Street and 51st Avenue.
Model cells are one tenth mile in length and width. Each model layer corresponds to a single
hydrogeologic unit. The aeti~e model domain encompasses 70 square miles. Figure 8-1 presents the
model grid and study area.

8.3 MODEL LAYER AND AQUIFER CONDITIONS

Three model layers were used to represent the hydrogeologic system. The uppermost layer, Layer
1, corresponds to the Upper Alluvial Unit (DAD). The UAU is modeled as an unconfined aquifer.
The middle layer, Layer 2, corresponds to the Middle Alluvial Unit (MAD). The MAU is modeled
as a confined/unconfined aquifer, confined when the overlying UAU is saturated and unconfined when
the UAD is dewatered. The bottom layer, Layer 3, corresponds to the Lower Alluvial Unit (LAD).
The LAD is also modeled as a confined/unconfined aquifer, confined when the overlying MAD is
saturated and unconfined when the MAU is dewatered. The thickness ofeach model layer is defined
by the elevation ofeach hydrogeologic unit contact.

8.4 BOUNDARY CONDITIONS

The selection of proper model boundary cell types is essential to the accuracy of the model.
Boundary cells define the hydrologic conditions along the model borders. General-Head boundaries
were applied in this model. The function of the General-Head Boundary Package is mathematically
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similar to that ofthe River, Drain, or ET Packages ofthe MODFLOW model. In the General-Head
boundaries, flow into or out of a cell i,j,k, from an external source is provided in proportion to the •
difference between the head in the cell, ~k> and the head assigned to the external source, ~k'

8.5 VERTICAL LEAKANCE

The vertical leakance between Layers 1 and 2, and between Layers 2 and 3 was modeled using the
VCONT option. MODFLOW requires VCONT to be calculated independently, and input as an array
in the Block Centered File (BCF) package. VCONT was calculated by the following equation:

Where:

VCONT1-2 : Verticalleakance between Layers 1 and 2
VI : Saturated thickness ofLayer 1 (feet)
V2 : Saturated thickness ofLayer 2 (feet)
.Kvl : Vertical hydraulic conductivity ofLayer 1 (feet/day)
:Kz: Vertical hydraulic conductivity ofLayer 2 (feet/day)
Units: l/day

The:final calibrated ratios ofhorizontal hydraulic conductivity for Layers 1,2, and 3 are given below.

Layer 1 Horizontal:Vertical K ratio = 20:1
Layer 2 Horizontal:Vertical K ratio = 100:1
Layer 3 Horizontal:Vertical K ratio = 50:1

8.6 WATER LEVELS

The water-level data for the steady-state model simulation was adapted mainly from the depth to
water map constructed by Lee (1905), and predevelopment water level maps constructed by
Anderson (1968), and by Thomsen and Baldys (1985). The selected water level contours were then
digitized and introduced into the model. After introduced into the model, the water levels were
further adjusted to the current water levels based on the measured water levels.

8.7 AQUIFER PARAMETERS

Initial hydraulic conductivity (K) estimates were developed using aquifer test data from groundwater
contamination site studies, specific capacity data from Groundwater Site Inventory and other sources,
and recovery test data from the Salt River Project (SRP). Hydraulic conductivity values ofall model
layers were adjusted during the calibration of the steady-state model.
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8.8 GROUNDWATER PUMPING

Groundwater pumping was simulated in the steady-state calibration. Roosevelt Inigation District
operates 22 inigation wells in the modeling area. Figure 8-1 shows the identification numbers and
locations ofthe Roosevelt Irrigation District pumping wells. The monthly pumping records (in acre
feet) of these wells for the year of 1996 are shown on Table 8-1. As shown on the table, the total
pumpage of the year 1996 was 71485 acre-feet which is equivalent to 63.6 mgd. The greatest
pumping occurs in the summer months. Pumping of the wells causes a decline in water levels that
is greatest in August or September. When pumping is reduced in September, water levels recover
to near the winter water levels ofthe year before.

8.9 STEADY-STATE MODEL CALIBRATION

As mentioned in Section 8.1, Model Selection, this model was developed using the SRV model data.
Since the SRV model was fully calibrated under the steady-state and transient conditions, it can be
assumed that the Phoenix Rio Salado groundwater model was constructed with the proper
parameters. Neverthless, a steady-state model calibration was conducted for the Phoenix Rio Salado
groundwater model to ensure that the m9del was properly adjusted. The groundwater condition is
very dynamic in the study area due to the variable pumpage of the Roosevelt Irrigation District. It
is difficult to define a steady-state condition in the study area. Based on the available groundwater
elevation data, it is assumed that a steady state condition existed in fall 1996. The pumpage of
October 1996 in the study area was input into the model and a steady state simulation run was
conducted. The simulated heads at selected locations were then compared to the measured values.
A total of 9 monitoring wells were selected for the steady-state model calibration purpose. The
locations of the monitoring wells are shown in Figure 8-1. As shown in the figure, the monitoring
wells are well distributed in the study area. Table 8-2 presents the steady-state model calibration
results. At monitoring well EW6, the measured groundwater elevation is about 3.8 feet higher than
the model simulated value, while the measured groundwater elevation is 3.4 feet lower than the model
simulated value at monitoring well EW21. At other wells, the difference between the measured
groundwater elevation and the modeled groundwater elevation are within this -3.4 ft to 3.8 ft range.
The average difference ofthese 9 monitoring wells is 0.2 ft; the standard deviation is 2.55 ft. There
are several factors affecting the model calibration results. These factors include: (1) model grid size
of528ft by 528ft, (2) ifthe aquifer reaches equilibrium condition or not due to purnpage, and (3) the
accuracy of the groundwater elevation data. Judging from these factors, the steady-state model
calibration is reasonable.
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TABLE 8-1
ROOSEVELT IRRIGATION DISTRICT MONTHLY PUMPING RECORD

, FOR THE YEAR 1996
{in A f'rp.-Fp.p.t

Well No JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL
88 349 185 277 378 399 397 403 401 212 348 76 194 3618
89 0 230 148 608 596 525 494 504 216 388 105 90 3904
90 0 0 312 387 266 331 314 320 . 10 0 0 0 1940
91 498 435 226 101 489 669 683 688 216 262 315 661 5842
92 0 16 169 179 154 176 181 164 33 0 0 0 1071
93 852 515 229 822 533 706 615 660 669 597 303 692 7192
94 968 517 722 814 659 732 727 710 662 596 315 692 8112
95 0 0 297 322 286 349 369 342 101 30 0 66 2161
96 49 256 398 589 587 524 524 488 249 57 0 95 3814
97 62 298 223 650 696 541 508 539 393 0 0 112 4022
98 4 0 0 370 383 501 696 708 498 0 0 0 3160
99 0 0 0 156 313 352 349 350 178 42 0 0 1739
100 0 19 444 548 494 465 460 461 353 0 0 0 3242
101 67 0 242 704 690 593 584 575 435 0 0 0 3889
102 0 0 483 597 539 506 484 479 441 57 0 0 3585
103 0 0 192 558 378 455 92 0 0 0 0 0 1674
104 0 0 533 658 445 436 422 430 164 57 0 0 3143
109 0 0 215 337 293 384 354 354 160 165 0 0 2263
110 0 0 188 280 69 266 317 317 134 144 0 0 1715
112 0 0 109 277 170 257 261 248 65 112 0 0 1500
113 0 0 0 70 302 355 323 368 118 197 0 0 1733
114 0 0 128 343 293 347 338 328 90 0 0 0 1867

Total 2850 2470 5533 10346 9034 9866 9496 9432 5395 3051 1114 2600 71187

Total Pumpage of 1996 = 71187 Acre-Feet/Year';" 63.6 mgd
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TABLE 8-2

STEADY STATE MODEL CALIBRATION RESULTS

Monitoring Well Aquifer Unit Model Row Model Column Measured G.W. Modeled G.W. Difference
Name Number Number Elevation (ft) Elevation (ft) (ft)

EW6 Upper 13 77 1037.8 1034.0 3.8

EW21 Upper 8 66 1024.6 1028.0 -3.4

SB7 Upper 33 96 1062.2 1063.0 -.8

22BBB Upper & Lower 31 72 1027.4 1030.0 -2.6

21ACC Upper & Lower 35 66 1026.3 1025.0 1.3

DMI6-1S Upper 32 62 1023.8 1022.0 1.8

DMI6-1D Lower 32 82 1022.7 1021.0 1.7

1-3 Upper 36 42 1002.0 1005.0 -3.0

1-6 Upper 39 45 1010.0 1007.0 3.0

Average Difference = 0.2 ft
Standard Deviation = 2.55 ft
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IX. MODEL SIMULATION RESULTS

.Chapter 8 presents the development ofthe Phoenix Rio Salado groundwater flow model. The model
was calibrated under the steady-state condition. The calibrated model was then used to simulate the
Project Alternative P9 and the Proposed Action PIO. The simulation results are presented in this
Chapter.

9.1 DESCRIPTION OF PROJECT ALTERNATIVE P9

Project Alternative P9 (P9) will restore the entire Phoenix Reach, including the Salt River and the
gravel pits, with high water use vegetation. This alternative would include construction of a 200 foot
wide low flow channel, cutting back the banks in the area of the existing gravel pits so that additional
bench area is created, and supplying the amount of water needed to support a low flow rate,
permanently flowing stream in the low flow channel. The restoration would consist of30 acres of
mesquite upland habitat, 160 acres of cottonwood and willow habitat and 100 acres of wetlands on
the constructed bench in the river bottom. The stream in the low flow channel will create 130 acres
of aquatic strand/shrub habitat. Water to support the vegetation in the bottom and the stream will
be brought down the banks in delivery system. Around the open channel distribution system, 5 acres
ofcottonwood and willow habitat would be established. The banks will also support 40 acres of open
space. Above the banks, 50 feet ofoverbank on each side ofthe river would be incorporated into the
restoration. Open canals or ditches will also serve to deliver water on the overbanks. Restoration
on the overbanks would consist of 25 acres of mesquite habitat, 20 acres of cottonwood and willow
habitat, and 25 acres ofopen space. Also included in the restoration would be 50 acres ofurban park
type habitat that would serve as "Gateway Areas" to the project site. Within the' gravel pits
themselves, an additional 10 acres of cottonwood and willow habitat will be created.

9.2 DESCRIPTION OF PROJECT ALTERNATIVE PIO - PROPOSED ACTION

The Proposed Action PI0 (P10) will restore the Phoenix Reach, including the Salt River with medium
water use vegetation. The proposed restoration would involve the construction of a 200-foot wide
low-flow channel in the river bottom, the establishment of riparian and mesquite habitat in the river
bottom and on the benches and overbanks ofthe river channel. The restoration would consist of 130
acres ofmesquite upland habitat, 99 acres ofcottonwood and willow habitat and 58 acres ofwetland
on the bench/bank and overbank area.

The low-flow channel open water system consists of approximately 2.5 miles of open water in the
channel. There are four shallow lakes which total 9 acres of source area. The lakes are linked and
supplied by the stream. The total length of the stream between the lakes is estimated at 1.5 miles.
The source ofwater is assumed to be outfall or outflow from the riparian areas located on the bench
area between the low flow channel and the main Salt river bank. The water will be brought down into
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the low flow channel at various locations as required to maintain the water supply to the low flow •
channel system.

The four lakes will be created by overexcavating the low flow channel as required to create the
shallow ponding areas. Each lake will be lined with clay, silt or some other relatively inexpensive
method of minimizing infiltration. Each lake is approximately 0.25 miles long. Each lake has a
surface area oftwo acres, except for the Central Avenue lake which is 3 acres. The stream supplies
each lake at the upstream end of the lake. The stream discharges from the downstream end of each
lake, except for the downstream lake at 7th Avenue which ends at the grade control structure.
Discharges downstream of the 7th Avenue drop structure are expected to occur only during times
of excess water in the system or in response to storm discharges in the low flow channel.

The stream is expected to have an average discharge of 5 cfs over its length. The stream starts
upstream of the 16th Street drop structure. It flows over the drop structure into the lake at 16th
Street. Between the lakes the stream is expected to meander naturally, finding its own route to the
next downstream lake.

9.3 WATER SUPPLY WELLS

To supply the Phoenix Rio Salado Project, water sources were evaluated in this report. Groundwater
was considered as a reliable source. In model simulation studies, six water supply wells were
assumed to be installed along the Salt River in the project area. Two wells were assumed to be
installed along 24th Street on the east side and the west side of the Salt River. The other four wells
were assumed to be installed on both sides of the Salt River at 16th Street and 7th Street. The
locations ofthese assumed water supply wells are shown in Figure 8-1. In the model simulation runs
for P9 and PI0, these six wells were assumed to be the water sources and were simulated using the
MODFLOW well simulation package.

9.4 MODEL SIMULATION RESULTS

As described in Sections 9.1, 9.2, and 9.3, the Project Alternative P9 and the Proposed Action PI0
include the perennial stream, wetland marsh, mesquite upland, and cottonwood willow. Water will
be supplied to the project by pumping local groundwater. Therefore, the aquifer in the project area
will be stressed through pumping and recharge, and the local groundwater condition will be affected.
To simulate the groundwater changes due to the project, groundwater pumping and recharge were
simulated using the MODFLOW well package. For comparison, the groundwater elevations
simulated during the steady-state calibration were defined as the baseline condition. Simulated
groundwater conditions under P9 and PI 0 were compared with the baseline condition.

In Chapter 6, Water Budget Analysis, the water demand for P9 was estimated to be 12.13 mgd. This
included 1.73 mgd of evapotranspiration loss and 10.4 mgd of infiltration loss. Using this water
budget, assuming each ofthe six water supply wells pumping at 2.02 mgd to supply the wetlands and
perennial stream system, model simulation run was conducted for P9. The simulated groundwater
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• elevation contours are shown in Figure 9-1. As shown in this figure, the groundwater pumping and
recharge changed the local groundwater elevations. Groundwater pumping created the cone of
depression. The groundwater flow direction in the project area shifted toward the river from its
previous course parallel to the river. To further examine the influence ofP9 to the groundwater
condition, the groundwater head difference between P9 and the steady-state calibration was
calculated and is plotted in Figure 9-2. The figure shows that P9 has created a cone of depression
extending from 19th Avenue to the 32nd Street. In general, P910wered the groundwater elevations
in the study.area.

The water demand for the Proposed Action was estimated to be 5.82 mgd. This includes
evapotranspiration loss of2.29 mgd and infiltration loss of3.53 mgd. Water will be supplied through
groundwater pumping. Groundwater elevations under the Proposed Action were simulated and are
plotted on Figure 9-3. Because of the moderate water usage, the simulated groundwater changed
slightly from the steady-state condition. The head difference between the Proposed Action and the
steady-state calibration was plotted as contour lines and is shown in Figure 9-4. Comparing to Figure
9-2, the cone of depression created under the Proposed Action is smaller than that ofP9.

9.5 SUMMARY AND CONCLUSIONS

A three-dimensional groundwater flow model was developed for the Phoenix Rio Salado Project.
The model was used to investigate the local groundwater changes due to the wetland restoration
project. Some findings are sumarized below.

• (1) This is a screening level model investigation to study the local groundwater changes due to the
wetland restoration project.

(2) The Proposed Action will use a total of 5.82 mgd ofgroundwater to supply the wetland habitat,
low flow channel perrennial stream, and lakes system. Water will be pumped from the upper aquifer
througp. six wells and each well will pump at one mgd rate. About 39 percent of the water will be
lost through evapotranspiration, while 61 percent of the water will recharge back to the aquifer.

(3) Project Alternative P9 will use about 12.13 mgd ofgroundwater to supply to the project. This
is about two times that ofthe water budget for the Proposed Action. Groundwater model simulation
shows the groundwater depression locally around the pumping wells.

(4) There are 22 agriculture wells belonging to the Roosevelt Irrigation District (RID) in the modeling
area between 19th Avenue and 51st Avenue. In 1996, these wells pumped a total of71187 acre feet
(63.6 mgd) of groundwater. The pumping of these wells has lowered groundwater elevations and
created a pumping trough. The Proposed Action ofPhoenix Rio Salado Project will pump about one
tenth ofRID's amount.

•
(5) Since the Proposed Action will lower the groundwater elevations between 0 to 8 feet in most part
of the project area, it is not expected that the project will adversely affect the nearby landfill sites.
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SIMULATED GROUNDWATER ELEV.

PROPOSED ACTION PIO

I H H

Infi Itration = 3.52 mgd

Evopotranspiration = 2.30 mgd

Groundwater Pumping =5.82 mgd

2000

L_i_~_~ : _'w- ~ ~.'~:':~-:-'~~:ff-95:~~'~ "~-=-.~:.~ -~---..- ~.---~~~.'-'~~ - - .:.~"~--- -~~~.--. -.-. _~~ \ ~ -- ... _.£-_~. ':i--~'; ~ ~\~: ,-.:\ \ 1';_
15- L....s9: --' - - L ~~:::-: .. -" .:';(~ . - .. ..'- ';-'"- -'---------ttJ- - - -- ... --;-r - - - - -- --.- ..- . .. -<-0 ," 1-' .:I:J: ..L : '_\. ~I I I \I

:.! !T-+_ .. <ll·.·~~:~ .--.- :I:f----T--jl..::. .-;-'0". : '~i~--' '---I;~- -- .~ --- -"", ..-..-.-.~ I- ':--:.-'::.:I~ .,-~. "C: :' :
Lli I r 9-a-...s-·---· ---' ---'-----~~---li:r-·-----·---- - .---.-.- - _. w ',~~:-Rl[, ,: 1..--7-

Ii! 1'1:- -:.'~ --::=-~·:~----:~-a*F__----·-~IN,-i-~·~-'-t-,-~,\,~.:--·--~--'-::: II' - - :.-'k-4\4~A-W-~\0:A':O '.- ~. -\-.- '-;~-!.I~ENIX~K~H=+;: : ~ : 1~~1~-~ l~ !.
, , I -. - --. -- - .-.. I· ~ 0 - I BtJfj'1/rl -r, 1R"O ,1-\- , " 1\, r'~I~.;)n,'~ I- '\. . ' 'L I..JL_-, _' .!.-, _J __L_" _0 __20 I , : I I ! I I, ", ~ f'\1C. C!, - - ': - , \/) , ,''-.! ; I L' I

II I; I I I ...:....., _'__~_L-:'~.~.J 1--1-- __ '_L.99L->-+J-~I---!_~~2.l_10 '\ ..L- ~'i-' '\ -.\ 0: 'rTERNATlOAl:;"'CPi-t, '~'-ij:f"--I~'-""i-=-_' - - -' - - -- . -, '~4!I ' I '. ' , I. I :r: _ _. _ -AIRRORT d. __._ __ , __J. I '
~I U I • -. "_. -- .- -"-1.-' - -...,----'--...:. --- -- .~-' f--!- , __GIl -;- --.-.- . i'" no .-. -... I- '~i " .-J_~ :.~ __ :' ,,,
~8W=~' -90 -91 ~--;-- .... -93J

· --- - -- ~-:-, - .-4- .-+-L+-+ -:-----:'\ 1 ' ! - ; .--~ 0 kA'VE~ _"5- . E-E: T' N _. _ '. _ ~ :_: .j L:t=::::J.~~ , , ~ '.' ~ ; ; ; ) -; JD~
~~-' ! .-_.. . ., ---'--- c.,_, _.-i-. -_._-,,-+ - ---j-, : 1 : I ' I 1 i~-" -'0 - 1\\- 'r '.\' --' D' , , l..lml ! 1":_"./

25-~ i !I.+-. J. .. --._-~.-'~-.i-·,--, '.-+-1"-' 7- L' I~'~ :~---;........;: I;' w; ,';--' ;-. "'If'\ ---4..,..r--.:. -.CV Y~-'-'---'''-:--''':'l' L_\_..I_:J~J.i:.!._;" Ik=~
bi~--· ,- - -- .----:1-~--+'-1"---;' f ~9H'+-- -J -~'-I I I I --;- .:......+~-~~I""1::::_:__ ~. 1...._:::. _:~=~: '1=!_~ _~ ::~- ~V-, -!\._ .\ ,. _'~I_C~~! -~"I i-.L .~ : i-~~ 1., ~k::""H-i...I'

I I ---- - - - - .-----,-~ I - - --791 ~, J. I + D' WI' __ II~~ l._~ L._-+ ' ' L _~ I KP-~ 1./+-)-
D I ' ' I ' , , . _.L ....--LLI -- • .....LJ..98--

17
i....L-....!......,IOL.n-.-:lZ-. -, - -> .. -. - . -.. ~O-----· -- . - - -. . -- " : Nf 1 I :: I 8S\\l:.y L.-c ,~!

~TTt:--.-:-LO.w.E_E~U.cKE-~-:OO=_+- ~~-,-.-' _,_I. ~II .:-; , ..;-~-t------<1-i- -~lrVI '-, u~. --'S;' . . -2BBB.-- .. ~:~-..-:~=·!TIt::IS~~I\~G:--J.-V-F-/H=.L+-'--·:
30 -;;:;;-l--j--i-, I , , ", ' I~;.!.: .• ' I I I ..Ll:---,...---I-+--·-I - -- .--'- I:V-~---J.--.:-t;_::- .- ,- ~... I , , 1 I Sl>-Vy !L.-r! i 1

<r -'IT"I" - -- Ff-j;:::::V', I'; ;P1:! ~ , lL .: .~...J~ __1.. .. +- ,- - -1, - ~/- __b.:.. • - r--- .-- - . ~ .;-_. ----1- ,-t -, ,--,~, ~i!' --, -i-t -.. .-.
:-/-1 I '--- •.-~--•.--- !...---,.-;-I------,---;--.-.-,-1-' I I - , '!.,..' Lf) I I\Cj , ~1l'!Q'''' _-".. .S __ . _ _ ._--=' _,.~__ ._'___+...!.-c-' I!-c.i.j.---- --S~-----
I I II: I I, ~ I I _~_I-- .- I • -~/- _ -------- --- --.- ~:-.; _ ............. I I I I , ....1 I

I!n I ' I ' I , ' ,I: " I -o->I--i --.- ---.' -.- - - -.---- ----, t-' ' " ,I r....-n I [j' i' I : I' I
__1..... ~-._-. - - - - --- 0---·-· C._ ;'~I---, 1---;-----· !! /1 I , ,i:' - '~~f=.--\ -w" 'OMI6-IS -2IAGC ~.=-- - - - ' _. : _~' __ ir.-C.. _:--t.-,-_'-l--' ;

35-[ :.: I i n:
n

.. _ ~-= :·~.';---=-~_.~_~!'i--n-~·-/01' ~-:::"-:-;--V-JIT-:-:---'~=~~T:-~IW~=':--=:E~-:~".,I~=-:"~~=~--=-~;--':' .-.....- -~t"->- __ .-_.~.~~~:: ..t;'-:--i_:_:-~~:.t=i_~': :_~~
, I I I' ' '! ' I:' I" 1 ~~ -.-- ~ '~-"--""'-'U---'-;--td.---+-;--.. -1 -.-t=-: . :11 i 'I-I ! I " " "! , , .. - --------r---,---,-;, ", '.----'- 1'--/-:...1, I ,I -...L .:::::J __ ~ ..2 ...!.J.J.. _, __ ._ _,_+ ..... _ •• __ .-'-, __' J_•.,- I--i-r.,.....,-.~ ~ 0_-1.: __1'1__
I I I l : --- _ ----------,- 1 I : - -~ ,...L~ 1 -' ~ .-- Z ,!<C w u...J ~~ I I I I I 111/, I J ~_ I I I ,!
'I I' ': "~)?- "I"'--;=~" 1 I =.J --€>-c--. ··ctd ' ,: -'-0:::'-. -- -- --. -W-------.-------;---T,-,- iTT' ,/"-+: 1/ II IW,'

1 I I I , I .- ~ ~ I I I I '... 1 " 1 ~ I I, I I " " ~----+ _ ---/-t---{--+---jI I 1 I ,.-'-, --,-_.~"I" I -y, I! I ! ! : I H' ,I, 1 ",'"--, _C___ 2 ' ;=J -,--,--.; -<=--'-,.-.. , J'I'~' -t=;" -,-..,." ---~. ---:.--t-;M' I -;--,', I 1+ II :: : . II' I ; j. ':
. ' " ":' I, I '- , ' : ~ " I I'" :<1' I' i, i i \/)!! V" , rl .' i " I, .L : _/~~ 1--/' ' I" 140- 1

; I I 'I '., ~i I 'yi i ! I:,· I" {: : n,,,, r""\1A1':-f-.' ...;' ,,<1,~----i---'_~ ,- ...-'.-.m-~-,--Vl( ,',-. ,-,-R-B-AB ·.¥"'-I ,'; I ' .. '" I

(-'"U~"I :llllytT, 1

1 1 :1""'1"'" r): ':':t-I'~;:'~::r:[... -.·~-'-c-- ---j-;:;Y':;~:;'I,-+jlt'lrBl:iLi~;ii:;Iii . : : i ! 1"7 I I ,. I! I I ,ii, : i I: i :._-~: : : ; f:;.i,":~:~--·---,---4=~ ,---~- ':t=-;--~-~~-+--;-~~~~~:':-)---,-1 ii',': i i ; t§iI ' 1

. ,
._----.,.---'-'-7-':- , I ': !:! ' , t ' • I I I ~L.l_' ! i I . --4-' . I ' W J :! . :----l.-_...i-! __.....:(~L ... ill_:..-~ct>-_---~--~-·-·---';L-J:· --,-' 1----7--------.- -r'-!":-" --i-Tl 1'"""11""1

I ! ! ! . .. ..- . .i. , ~..i : ; :=:1.. _lJ~_~~-·,~--: ++~r I I ,=!_-- __-:-.~_-i -'-1°:---1 ~==;-l.: -,-. ::-- : :.-----=-~~+~--~:!- ~;St>i-tB--i i-~-t+ t--i(-:.o I-rt-.i' I i=:
/15 I I I I i :---. ':. I I~. I: ; I rt-..' :. i ' ! i I ! / i __ . _ ~_, ._. I ., ;' -'-----;--, ----- ,.. , ~A.~ - .. L~~.gR~-AD , , I " I" H-Jf I: 1 r I

"1~-1 iii ;.~!.:: "-i :~_:,_I_i_l.~ . i I~J: IIII; I I~! !! '!' ---t": --~- !~I ~~;. : I=t(: -,' 'aV -~~- ) '-'-V~': -V-I~'..Tf; ;tVi1t;-f'('ttt:I/U!.lL i 1:;!J
1--.-t-+-------:--t-j

, -~--- .. -.•- - .•-~ : i ' I i ,; 1 I I i I W~ : i! 1 __ 'n -- ' 7 --- '--..-'---- . --------·--Ij..·- ---·T--- -.;G 1:--'---1 ''''-FrA' 'iti· "1' Ittf-' I If-'I I ': ,I, ~-'-'-~-.-'--I--.' DI~--''''''' " I I I I ' / I ' ii" I ,..... 'II "," I' ,
' r;'-- --. ---', I '1::' -n i:: I ~ i-V. i , . -- . -- ': I -YJ-- .. ,.---. -- -- -.-----~-' , , '{' --I-I '~-, -/ '-II/VlIi I : '--_._--' : ..-'-'-!-I-I---+------=-M----:--' ,,' I I I I H ' I I 1/ I;J I 'I ..:-1- ' I I '! _ I l! .. _ I I
1 ' I ; : ... :'r:1

: i ; , ! ; )., i.i i I : i , ~P.r-: :, I' i! . ", - •.:...--..;- -:-ii 11", " I , ---. -;--- 1._ ------- .. , .. - ': ;, I I I t -q '1"1 -i' II A II I II ~ f..,-

50- I I i/ I ! I! : I ' : I IS~:)_dTHEK!N ; . ENITf! I , ~, , , ~ I ! ;'" , ,:' q. . , .~ _ '-~.,__ : ~ : _i J I Ii I L /' 1 I, l'_! : I I : ,

7" ",,:::::: I ~--LLL~ I :. : I' ::\.. --t--+--f"\.~ .. ~ " '~-r""'oV ~7- I "~F tf' i I W Ii :71 Y I II I II t il II P
f-,' 11 i _l..2,_W:_.~.-L.: i ; I ! : ! [7: !. II I I! ': 'i !~, I ! y'l i': I: ~-':--~' I :~r--r-~'~~" '7C-~ .:.._~ ~n-=~_:~_~~ ~= TT~17, II i if) , --.LJ-'fl t I'J'
1==: I Ii· W,.:' I : I : i Y . I I I ! '.....L Y r;-- ! .~- ---,-- -----t-~ , ,/' , : 1"- -- , 'I, I~ 1= I I Y Ii: I I I '
:z i i! :-:-.--Z-,-~_-,-_!_:__._,_! (i· I i l..l! Y \"!I I' i Y I! I I ~ -t.,'" : :: bE:' -, 1;/: -- .~--- ~--:- "--- -..... - ;-rr: , if; ! II Vi I Iii :Ji I I I i

55- W I I I : T~- ,~ · , I I i I ;Y~-!, I I I ! ;/ I I! I I I ;( I i I I I y. : .;.- : t: ;: ;i ~ : 7: :,·-·-·-:---fl-------·--,- -,--;- -~--;r:: iLl I "1 , I I I ::LU:ffi' 1 ,f-:::j-[TT't:-~,-' ;:r·'·,.----,--I-:-Iyl----;--].' I,!)/I i: i I I I~! I I II: : ••---'._.....L.~__'_......l_ -:-.,-.. :---.--.---- --..:.-._,.~. i· +-i-: ~;., III \ii'~('T.,r.:1lr ,,'-'

~?I;:Ti.-~~~~ ':-~~~~ ~~-~-~-T*f II : i :.;~! I ~ Ii: ~ !-L--/T~._~'~-_~~~ , i I-±- ~-~_. , :-~~...;~-.-~ .:'::-::- :.=~=-.~-:::-----:.~~H_ :.-;-t~+-~ rtf: :I :.lI-~ +-~: fi:.=
u; I i 'I ;--,- -.-_to ---;1-; i-1-'-ITi-iV rTT i I I ;( I I I: ! Y: I I: ;/ I .~--' ; -;-y . , 17. : .---. -- ,_L..__ ---"--. ------- - ,- .~-----'----7-/H-t+.-+ HI : 1 ':.:-./: .1_ I 1 I
;-: i i ;::::r;. " I I·, I I I , ! I' r"Y I'! . I 1/ --1'--;---- 17j i i Y! iii i ; , . t : i i \ I I i j .1_ :-H'i I I

601- Ii:!' I I I I :'. ,'-' ; /' H7\<"'d.. i JH 1t"<l'Jj!:IU I i I I I : I . 1./i I I ~ , , '." , -' , : " .-. ,'- ;- ;' ; I , I ,.---; I I I I I I I 1 I ' 'I ,I

:. ' , I " " I:A 1:../1 I' i~ I ./', I '~~~_ ", :: ,_! i : 1 I I : I
1 ,; i Vi . I I' I It I I Iv: : 1 I I:: 'I: I I ~ ii' 17 ;/' I ~ i . , ' ::~, '~V' , ! !.,.-v I I I iii: 'I II I~.•:~,__ ; I I.-L.W.11 I '~:I I ' , , ' I ,! IA I '~'1 i I :....-- I: /'"'" V"'_._ - II , ' . ,.--+-/. '74' ' I I ' I 1" II"': I' : I I I I

I ': ',I" " I . I ~ I I 1 1./ ./"./ I " '1./ " 1 I , I' II .,' I."'.~T--i-r-+I-+-I-+I-T!,-._.:...i_=.i-: i.· 1 JAI; ! I : .; .o! JA I II: I I: r-----~-, ' ': , l.--r : : ' ;" '--'-~-,! I II I I Ii I! i 1.~-Fr~T_~i i :
I, 'I I I I I , .....:.: :~ I ' I ' I v:--: iA I IA' I I I I A ' --- .. I/,I Li- t::t1-- -_. - ------~--- I +- '. 'I' I I I I'I I, 1 I I U • " ; :-: ' i -r---t-i

' .:.', ~ 1 , • I ' " . I I L.--i-- ' " 'I./i' I II! ' ','" I . , , . ,I I , ,

65 f- I I I I l-r- !::.; ; ; t-i I I : jr I ! ; i V ! ~ 1 1+,, ! I 1./' I I ! : : I • / I Iii ~. -,-; !~i-, ~~I'~":;-:-~-: ; ! . , L.--;- I I i I I I! I I ! i-' LLLJ....i I11 I 171""":,--,-- " ----; , ffi'l.----(' I I I y.-( :, V"I I I I I I I 1 I ,_,....J_".! 'I I yl ,; y-, i, jf::: ' : -.-,-: -'-;14=.!:! I I, I! 'I I I' I" I. I;::! I , iI/~ -- -~- ....-..-_. ~ " I ~ 1-'--" I II --- I I +f . ;./ , I ' ' I' ,; t. I I I I .__.._....__-+.. ..
I I I 1-' i ' , : :' ! ill 11/· I ....., I 1 :"---;.o -b ~'--.---.~-. ;..---! . i . "-"-;-'--:-,--'---"~··---I-',--.-: I I I I I' i I::; i'l, ' I I I

' {l_.-~,-----,- -:--...;._;-: '7: . y, ,. 1 V I I II I 1lA'" I I' I I i :.,..r-; I • : ' i i I.....-{ I :)1' I : I I I : , , • : . '. !.I , : ' , : i I I ! -r--i-,-,--.,.-----;-----;I.o: i-j
I I ! ~ If I ! ':±j:; : : y:TTI : I.! J., I i ~/t-t-t-I.~ 'I· I ',I I I 1-'- I ;r i I I/': . I -r.....L.W- LL~":'.;/ -'--:._ '/1#:I ' . I I I I Ii: -- -'--'--+-'-'_',4-i---j1""Ti, ITT " . I, I ./i' ,'../'I~, ./'i , , . I"t"/:-, ,:-/, : -"/-'--. :-~-:, I, I ,I I Ii, , . ! • : , I ,H-+I-+-t++-+-,- ,--ft-+/I' I I I I ,I [jr'JK~INb IRl0"A I:"'" I I I L_:....":"" 'I i. __.,._'__i _...:._.',_' . ..,. ' , 1 _ __ _, _70 f-L_.L....LL: !' '_.I.'.~ ...:.....J. I . ~:::':.':::.'::. ~



LEGEND

RIO SALADO. SAL T RIVER
PHOENIX. ARIZONA

6000 FEET

HH
2000

SCALE

H
o

HH
2000

• Roosevelt Irrigation District Well

.... Monitoring Well

(9 Proposed Water Supply Well for
Rio Salodo Project

100
.1

95
I..

90
L

8S
J_

80
I

..-.... _---. _:._--_._.. ...: -- -~.- ._-- ._- ... - - .-

- . '-__- _._~__I- __ . . ...•

••

•
Figure 9-4

HEAD DIFFERENCE BETWEEN
P-IO & STEADY STATE - 19%

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

SEPTEMBER 1996



'.

•

•

RIO SALADO, SALT RIVER, ARIZONA

APPENDIXB
HYDRAULICS

u.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

SOUTH PACIFIC DIVISION
APRIL 1998



• CESPL-ED-HH (335-2-5c)

MEMORANDUM FOR CESPL-PD-WC, ATTN: Mike Temak

19 November 1997

•

•

SUBJECT: Hydraulic Section F5 Support Documentation for the Rio Salado, Salt River,
Arizona, Feasibility Study

1. References:

a. HEC-2 Model of the Salt River and Indian Bend Wash; prepared by Michael Baker Jr. Inc.,
dated 1996.

b. Topographic Mapping for Hydraulic Model of the Salt River and Indian Bend Wash;
prepared by Michael Baker Jr. Inc., dated 1996 with a scale of 1"=400' and contour interval of4
feet (NGVD 1929).

c. City of Tempe Rio Salado Engineering Report, by CH2MHill, dated August 1992.

d. Revised Sudden Gate Opening Analysis for Rio Salado Town Lake, CH2MHill, dated
November 1996.

e. Open-Channel Hydraulics, by V. T. Chow, McGraw-Hill, Inc., dated 1959.

f. Evaluating Scour at Bridges, Hydraulic Engineering Circular No. 18, Federal Highway
Administration, dated April 1993.

g. HEC-RAS River Analysis System User's Manual, Hydrologic Engineering Center, dated
Apri11997.

h. HEC-2 Water Surface Profiles User's Manual, Hydrologic Engineering Center, dated
September 1990.

i. HEC-6 Scour and Deposition in Rivers and Reservoirs User's Manual, Hydrologic
Engineering Center, dated August 1993.

j. Draft Sediment Trend Analysis, Salt River Between Granite Reef Dam and the Confluence
with the Gila River, prepared by Kimley-Hom and Associates, Inc., dated December 1996.

k. Channel Stability Assessment for Flood Control Projects, EM 1110-2-1418, US Army
Corps of Engineers, dated 31 October 1994.

1. Hydraulic Design of Flood Control Channels, EM 1110-2-1601, Change 1, US Army Corps
of Engineers, dated 30 June 1994.



m. Gila River Basin, Arizona - Indian Bend Wash - Design Memorandwn NO.1 - General •
Design Memorandum Phase II Project Design for Indian Bend Wash, CESPL, dated May 1975.

n. LAN Service Request, dated 2 October 1996 by the Study Manager (John Ryan;
CESPL-PD-WC).

o. Rio Salado, Salt River, AZ Reconnaissance Report, US Army Corps of Engineers, Los
Angeles District, dated March 1995.

p. Discharge frequency values (provided by CESPL-ED-HE) based on the Modified
Roosevelt Dam Water Control Plan and new Salt/Gila River Hydrology dated 29 February 1996.

q. Memorandum for CESPL-PD-WC, Subject: F3 Support Documentation for the Rio
Salado, Salt River, Arizona, Feasibility Study, US Army Corps of Engineers, Los Angeles
District, dated 27 February 1997.

r. Memorandwn for CESPL-PD-WC, Subject: F4 Support Documentation for the Rio Salado,
Salt River, Arizona, Feasibility Study, US Army Corps of Engineers, Los Angeles District, dated
21 May 1997.

s. Memorandum for CESPL-PD-WC, Subject: Hydraulic Section Alternative Formulation
Briefmg Support Docwnentation for the Rio Salado, Salt River, Arizona, Feasibility Study, US •
Army Corps of Engineers, Los Angeles District, dated 27 February 1997.

2. This memorandum docwnents Hydraulics Section's hydraulic design data for with-project
conditions for the Rio Salado Feasibility Study. Specifically, the data describes Hydraulics
Sections's support of the detailed study for restoring riparian habitat at two locations--the
Phoenix Reach and the Tempe Reach. The information contained in this memorandum is
intended to be incorporated directly into the documentation package for the F5 milestone, and
later into the hydraulic technical appendix for the feasibility report. Note that this memorandwn
along with previous memorandwns (reference 1.q to 1.s) will constitute the hydraulic technical
appendix. This particular study effort was conducted for the sole purpose of assisting in making
cost estimates for economic analysis of with-project conditions. Detailed hydraulic
documentation and calculations are maintained in the Hydraulics Section files.

General

3. The study area is located within the Salt River and Indian Bend Wash in the cities of Phoenix
and Tempe, Arizona. Both the Salt River and Indian Bend Wash are existing flood control
channels with a minimum 100-year flood conveyance capacity. These channels are trapezoidal in
shape with soil cement and other types of bank protection at several locations. The channel beds
are natural and generally consist of sand, gravel, and cobbles. The depth of the Salt River varies
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CESPL-ED-HH
SUBJECT: Hydraulic Section F5 Support Documentation for the Rio Salado, Salt River,
Arizona, Feasibility Study

from 20 to 30 feet (ft) with basewidths of between 500 to 1000 ft wide. The depth ofIndian
Bend Wash varies from 15 to 25 ft over an average basewidth of 600 ft. For Indian Bend Wash,
a low flow channel is located in the center of the low flow thalweg. Both river reaches contain
grade control structures.

4. Environmental restoration is proposed by planting vegetation in the existing channel bed of
the Salt River and Indian Bend Wash without affecting the channel capacity. A low flow
channel is also proposed for the Salt River to increase the channel capacity and prevent
inundation damages to the vegetation during low flow events. Environmental restoration is
proposed at two locations: (1) Phoenix Reach, a 5 mile long reach of the Salt River within the
city of Phoenix; and (2) Tempe Reach, two reaches within the Salt River and one reach within
Indian Bend Wash for a total length of approximately 2.5 miles within the city of Tempe.

5. During coordination efforts with the Study Manager (Mike Temak; CESPL-PD-WC) it was
determined that the following hydraulic tasks needed to be accomplished: (1) determine a low
flow discharge to be contained in a low flow channel such that the restoration area will not be
damaged by either flood inundation or uprooting; (2) size the low flow channel for the above
discharge; (3) determine the maximum Manning's roughness coefficient ("n value") that can be
used in the environmental restoration areas without affecting the channel capacity and then
correlate this derived roughness coefficient with plant density; and (4) determine how often these
environmental restoration areas would be uprooted because of high flows.

Hydrology

6. Discharge frequency values throughout the Phoenix Reach were based on the information
contained in the Modified Roosevelt Dam Water Control Plan supplied by the Hydrologic
Engineering Section (reference l.p). 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 (Plate 11
in the Hydrology Appendix). This particular discharge corresponds to between a 50- and 100
year flood for flow duration times of 30 days. However, in terms of peak flows, a discharge of
12,200 cfs corresponds to less than a 5-year flood. Note, the 100-year peak discharge on the Salt
River is 166,000 cfs.

7. A maximum low flow discharge of 4,000 cfs had previously been incorporated into the Indian
Bend Wash project. The wash already has a capacity to pass a 100-year peak discharge of30,000
cfs.

3



CESPL-ED-HH
SUBJECT: Hydraulic Section FS Support Docwnentation for the Rio Salado, Salt River,
Arizona, Feasibility Study

. Low Flow Channel Geometry and Alignment

General

8. The study team decided that a low flow channel need only be designed for the Phoenix reach;
the existing channel configuration would satisfy the Tempe Reach. The low flow channel would
be designed to convey the maximwn low flow discharges discussed above (12,200 cfs). A low
flow channel with a capacity of 4000 cfs exists for Indian Bend Wash. An existing HEC-2
model from Michael Baker Jr. Engineers {reference l.a) was modified and converted into an
HEC-RAS model. This model was used to size the low flow channels. Geometry data for the
existing HEC-2 model were taken from the topography supplied by Michael Baker Jr. Engineers
(reference l.b). The low flow channel aligIL1Jlent would be designed to meander across the
existing channel bed in order to avoid the proposed channel access points (see Enclosures 1 to 7).
According to Table 2~5 ofEM-llI0-2-1601 (reference 1.1) the suggested maximwn permissible
mean channel velocity for fine gravel channels is 6.0 ft/s. For this reason, the low flow channel
was designed to limit the velocity associated with 12,200 cfs to 6 feet per second (ft/s) to avoid
the potential for scouring of the bed.

Phoenix Reach

9. Low Flow Channel Geometry. The Phoenix Reach is located within the Salt River bed from
19th Avenue (downstream limit) to the illop structures downstream of the 1-10 bridge (upstream
limit). The existing channel has a slope of 0.002 (ft/ft) with an average channel basewidth of 500
ft to 900 ft. The proposed low flow channel was designed as an entrenched trapezoidal channel
with an average basewidth of 200 ft. A basewidth of 300 ft was used under the bridges to
accommodate islands within the low flow channel. The islands will not be lined with soil cement
and will likely wash out during significant flow events. Bridge piers that are within or near the
low flow channel will either be protected in place using soil cement. See the Sediment Analysis
section of this report for scour calculations and a concept design for pier protection. Gradual
transitions (10:1) were used to connect the 200 and 300 ft basewidths of the low flow channel.
The topwidth of the low flow channel would vary depending on the local topography. A low
flow channel inlet structure will be located downstream of an existing drop structure near the I
10 bridge to collect low flows. AI: 1 (length:width) transition will be used between the inlet
structure and the low flow channel. The low flow channel will daylight with the natural stream
grade at the downstream end near 15th Avenue. The channel incorporated side slopes of2:1
(horizontal to vertical; 3: 1 in the vicinity of the islands) and would be lined with soil cement.
The channel invert thalweg and the slopes of the islands would remain earthen. The side slopes
of the low flow channel would extend a minimwn of 5 ft below the bottom of the earthen invert
to protect the side slopes from scour. The backside of the soil cement banks on the vegetation
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SUBJECT: Hydraulic Section F5 Support Documentation for the Rio Salado, Salt River,
Arizona, Feasibility Study

terrace would also extend a minimum of 5 ft below the elevation of the terrace to protect from
scour. Refer to Figures 4-1 to 4-3 of the Design/Cost Estimate Appendix for typical cross
sections. See the Sediment Analysis section of this report for the actual toe down necessary for
the low flow channel. The low flow channel depth would vary from 9.5 ft to 15 ft depending on
the local topography. The proposed low flow channel slope would be 0.0008 (ft/ft). The "n
value" for the low flow channel was determined to be 0.030. A series of 4 soil cement drop
structures with varying drop heights from 5.0 to 9.0 ft would be utilized to prevent the flow from
exceeding 6 ft/s and lessen the threat to erosion of the earthen low flow channel bed. See
Enclosures 8 to 12 for the existing and proposed channel profile and the location of the drop
structures. Refer to Figure 4-4 of the Design/Cost Estimate Appendix for an illustration of the
drop structure.

10. Junction Structures. There are approximately 24 side drainage inlets of varying sizes
within the Phoenix Reach. Side drain aprons were designed to turn the flows parallel to the low
flow channel towards the vegetated terrace (Enclosures 13 and 14). The side drain aprons would
consist of small soil cement lined trapezoidal channels that would turn the flow. Riprap energy
dissipators would be located downstream of the channel. The side drain aprons were not
designed to carry the full capacity of the side drain; excess flow would spill into the vegetated
terrace area. The channels were designed using normal depth. The riprap was sized using the
procedure outlined in EM 1110-2-1601 (reference 1.1). A 2.5 ft soil cement drop structure at the
downstream end of the side drain will be used to prevent headcutting of the side drain. It is
expected that flows from the side drains would disperse within the terrace and would eventually
flow into the low flow channel farther downstream. The integrity of the low flow channel banks
would not be compromised due to the low velocities of the flows and the because the backside of
the low flow channel banks will be lined with soil cement and extended a minimum of 5 ft below
the existing invert.

11. Shallow Lakes. A series of four shallow lakes connected by a small perennial stream will
be over excavated within the low flow channel between the proposed grade control structures
downstream of 7th Avenue and upstream of 16th Street. These lakes are part of the
environmental restoration. These lakes are approximately 2 to 3 acres in surface area and would
be located under the bridges and around the proposed islands. Each lake is approximately 0.25
miles long, 66 to 100 ft wide, and 3 ft deep. A clay liner will be placed 2 ft below the maximum
expected scour elevation to prevent the liner from washing out. See the Sediment Analysis
section of this report for the required burial depth of the clay liner. A small stream with
approximately a 5 cfs capacity will connect the lakes. This stream is expected to meander
naturally, fmding its own route to the next downstream lake. Based on EM 1110-2-1418
(reference 1.k), the stream will be expected to have an average basewidth of 5 ft and an average
depth of 1 ft. Inlet and outlet structures will be used upstream and downstream of the lakes to
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guide the meandering channel. This recent proposed design feature of the low flow channel did
not allow sufficient time to do a detailed analysis of the shallow lakes inlet and outlet structures;
the designs are therefore preliminary. See Enclosure 15 for typical plans and dimensions of the
structures. Basically, the inlet structure upstream of the lakes would consist of two riprap lined
small levees keyed into the low flow channel banks. The levees would point downstream and
would direct the meandering stream towards the lake. The outlet of the lakes will consist of an
overflow weir connected to a small lined channel downstream of the weir. The outlet channel
would direct the flows toward the center of the low flow channel. The channels were sized using
normal depth and the riprap was sized using the procedure outlined in EM 1110-2-1601
(reference 1.1). It is expected that the inlet and outlet structures would have to be restored
periodically after flow events.

Tempe Reach

12. Channel Geometry. The Tempe Reach consists of three reaches: (1) the Salt River from
Priest Drive to Mill Avenue (0.5 mile); (2) the Salt River from the confluence with Indian Bend
Wash to McClintock Road (0.5 mile); and (3) the Indian Bend Wash Outlet Channel from the
confluence with the Salt River to McKellips Road (1.5 miles). The study team determined that a
low flow channel would not be required for any of these reaches because of the following
reasons: (l) they are relatively short; (2) the existing grade is fairly flat and levees would have to
be built to contain a low flow channel; and (3) in the case ofIndian Bend Wash a low flow
channel already exists.

13. Environmental Restoration. For the three reaches of the Tempe Reach, vegetation will be
planted along the thalweg of the existing channel. The vegetation will consist ofmostly "aquatic
strand" vegetation and would be located near the middle of the channel. In the case of Indian
Bend Wash, vegetation will be planted within the existing low flow channel. The vegetation will
occupy about 100 to 150 ft of the channel bottom in the Salt River and Indian Bend Wash. See
the Rio Salado Feasibility Study Main Report for the Tempe Reach planting scheme.

Determination of Manning's Roughness Coefficient

General

14. The maximum Manning's roughness coefficient ("n value") that can be used in the
environmental restoration area without affecting the channel capacity was determined and was
correlated to the degree of growth of vegetation. This was accomplished by using the HEC-RAS
backwater models for the study reach. The 1OO-year discharges of 166,000 cfs for the Salt River
and 30,000 cfs for Indian Bend Wash were first used to determine their initial channel capacities.
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Then the "n value" was varied horizontally across each cross-section; i.e., the "n value" was set
equal to 0.030 for the low flow channel segment while it was varied for the vegetated area
according to the planting scheme developed by Environmental Resources Branch. The "n value"
associated with the mature growth of the vegetation in the planting scheme was assumed as the
maximum "n value" for the reach.

15. Cowan's method (reference I.e) was used to estimate the "n value". By this procedure, the
"n value" may be computed by

n = (no + n/ + nz +n3 + n,,)m5

where no is a basic "n value" for a straight, uniform, smooth channel in the natural materials
involved, n/ is a value added to no to correct for the effect of surface irregularities, n2 is a value
for variations in shape and size of the channel cross section, n3 is a value for obstructions, n4 is a
value for vegetation and flow conditions, and mj is a correction factor for meandering of the
channel. For this study, it was determined that no=0.028 (coarse gravel), n/=0.005 (minor gravel
bars), n2= 0.005 (alternating occasionally), n3=0.002 (negligible), n4=varies (depending on
amount of vegetation), and mj = 1.0 (minor). The value n4 will be varied to represent the mature
vegetation of the planting scheme. The following table summarizes the maximum "n value" that
is recommended per reach. The paragraphs below explain how these "n values" were
determined.

Table 1: Maximum Recommended "n values"

Reach n4 (Effects of Maximum "n value"
Vegetation)

Phoenix Reach - downstream of 11 th Street 0.005 0.045

Phoenix Reach - 11th Street to I-I 0 Bridge 0.045 - 0.050 0.085 - 0.090

Tempe Reach (Salt River) 0.060 0.100

Indian Bend Wash Outlet Channel 0.060 0.100
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Phoenix Reach

16. The "n value" associated with the mature growth of the vegetation in the planting scheme
was assumed as the maximum "n value" for the reach. Downstream of 11 th Street, an nol value of
0.005 was determined for Cowan's method. This corresponds to an "n value" of 0.045.
Although a low flow channel will not be excavated at this reach (below 15th Avenue) to offset
the conveyance lost due to environmental restoration, the capacity of the channel at this reach
should not be affected during the 1OO-year flood. The "n value" during the 1OO-year flood will
decrease because most of the vegetation will likely be uprooted during the 100-year flood (see
the discussion on Average Annual Vegetation Damage later in this memorandum). Between
11th Street to the 1-10 Freeway, the nol value for Cowan's method was determined to be between
0.045 to 0.050. This corresponds to an "n value" between 0.085 and 0.090. A comparison of the
HEC-RAS water surface profiles before and after the project revealed that there will not be any
significant difference between the two water surface profiles, i.e., no significant conveyance
capacity will be lost due to the environmental restoration. Enclosure 16 shows a comparison of
the 100-year flood water surface profiles before and after the project. Note that this shows the
"worst case" conditions assuming very little of the vegetation is washed out. The actual water
surface profile during the 100-year flood will be lower.

17. To aid in determining the appropriate nol value to use for maintenance, the following
descriptions are provided. These descriptions are from standard tables for Cowan's method
(reference I.e). The value of 0.005 for nol is described as low for conditions comparable to the
following: "(a) dense growths of flexible turf grasses or weeds, of which Bermuda and blue
grasses are examples, where the average depth of flow is 2 to 3 times the height of vegetation,
and (b) supple seedling tree switc)les, such as willow, cottonwood, or salt cedar where the
average depth of flow is 3 to 4 times the height of the vegetation." The value of 0.045 to 0.050
for nol is described as high to very high for conditions comparable to the following: "High (nol :::;;'

0.025 to 0.050) - (a) turf grasses where the average depth of flow is about equal to the height of
vegetation, (b) dormant season--willow or cottonwood trees 8 to 10 years old, intergrown with
some weeds and brush, none of the vegetation in foliage, where the hydraulic radius is greater
than 2 ft, and ( c) growing season--bushy willows about 1 year old intergrown with some weeds
in full foliage along side slopes, no significant vegetation along channel bottom, where hydraulic
radius is greater than 2 ft. Very High (n ol = 0.050 to 0.100) - (a) turf grasses where the average
depth of flow is less than one-half the height of vegetation, (b) growing season--bushy willows
about 1 year old, intergrown with weeds in full foliage along side slopes, or dense growth of
cattails along channel bottom, with any value of hydraulic radius up to 10 or 15 ft, and ( c)
growing season--trees intergrown with weeds and brush, all in full foliage, with any value of
hydraulic radius up to 10 or 15 ft." Thus, a combination of the high and very high values above
would result in the maximum allowable "n value."
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Tempe Reach

18. As in the Phoenix Reach, the "n value" associated with the mature growth of the vegetation
in the planting scheme was assumed as the maximum "n value" for the Tempe Reach. The n4

value associated with the planting scheme for the Tempe Reach and the Indian Bend Wash outlet
channel is 0.060. This corresponds to an "n value" of 0.1 00. Although a low flow channel will
not be excavated at these reaches to offset the conveyance lost due to environmental restoration,
the capacity of the channel at these reaches should not be affected during the IOO-year flood. The
"n value" during the IOO-year flood will decrease because most of the vegetation will likely be
uprooted during the IOO-year flood (see the discussion on Average Annual Vegetation Damage
later in this memorandum). Enclosure 17 shows a comparison of the IOO-year flood water
surface profiles before and after the project.

Maintenance Considerations

General

19. Periodic clearing of the low flow channel would be necessary to maintain the existing
channel capacity. Note that the low flow channel should only consist of aquatic strand and shrub
habitat as originally planned; vegetation such as trees should not be allowed in the low flow
channel and should be removed accordingly. The maximum "n value" corresponding to the
vegetated area must be monitored in order to insure that this condition is met. It should be
recognized that all vegetated areas are potentially subject to damage from long periods of flood
inundation and/or uprooting. Note, it is highly probable that most of the growth within the low
flow channel will be uprooted during any significant high flows.

Average Annual Vegetation Damage

20. Assumptions on average annual vegetation damage presented in the following paragraphs
were 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 occurrence would result in an operation and maintenance cost. To
provide a basis for estimating this cost, the average annual vegetation damage was estimated in a
cursory manner. It was estimated that the IOO-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 IOO-year flood. A damage-frequency curve was developed by relating
the discharges in the damage-discharge relationship to a discharge-frequency curve from the
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Hydrology appendix. 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. Note that different reaches have different average annual
damages due to local topography and whether or not a low flow channel is proposed. Enclosure
18 shows an example damage-discharge relationship. The average channel velocity is plotted
only as a basis of reference.

Table 2: Average Annual Vegetation Damage

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

Tempe Reach - Station 220.06 to 220.54 8

Tempe Reach - Station 222.65 to 222.93 10

Indian Bend Wash Outlet Channel 11

21. A sensitivity analysis was done to determine how sensitive the average annual damage is to
the degree of damage done during the 100-year flood. Instead of using the criteria that 95 percent
of the vegetation will be damaged during the 1OO-year flood, 70 percent was assumed. See
Enclosure 19 for the resulting damage-discharge relationship. The same procedure for
calculating the average annual vegetation damage was done and the resulting percentage was 7
percent (instead of 8 percent using the original assumptions). Thus, it can be seen that the
average annual vegetation damage is not very sensitive to the assumed percent of vegetation
damaged during the 100-year flood.

Sediment Analysis

Purpose

22. The purpose of this analysis was to determine if the proposed project would function
adequately given the sedimentation concerns identified in previous studies. Specific attention
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was focused on the hydraulic perfonnance of the low flow channel and bridge piers to detennine
if they have the proper toe down for scour protection. Results from the sediment analysis were
also used to detennine the burial depth of the clay liners for the lakes within the low flow
channel. In addition, the scour downstream of the Tempe lakes due to a sudden gate opening was
also detennined.

Description of Study Area

23. The Rio Salado watershed consists of several upstream dams and reservoirs that limit the
amount of sediment supply. In addition, significant channelization and bank protection increased
the sediment transport capacity of the channel. Sand and gravel mining within the active bed has
also influenced the sediment supply through Phoenix.

24. The existing channel bed within the project reach generally consist of sand, gravel, and
cobbles. Several grade control structures exist in the project reach. Specifically, grade control
structures are located at Sta. 211.45 and 216.33 in the Phoenix Reach. In the Tempe Reach,
grade control structures are located at Sta. 220.92 and 223.09. In addition, bedrock outcrops
exist between the Priest Drive and Mill Avenue bridges, downstream of the proposed Tempe
Lakes.

Previous Studies

25. Sediment Analysis. Prior to the middle of 1996, there were no significant detailed sediment
studies developed for the Salt River other than the preliminary reconnaissance level sediment
studies made by both Carter & Burgess Inc. and Simons, Li & Associates Inc. in 1994. These
latter studies were generated in connection with the Tempe Town Lakes project. However,
pursuant to a Section 404 Clean Water Act requirement that a group of salt River mining
operators (within the study reach) incorporate a detailed sediment analysis into their Section 404
pennit request, the permittees contracted the engineering finn of Kimley-Horn, who subsequently
engaged West Consultants, Inc. to develop and satisfy this particular technical requirement. Note
that the sediment analysis associated with the above report was not yet finalized; it was modified
for the purposes of this study and used as the base conditions sediment model.

26. Before modification, the sediment model did not account for channel improvements in the
vicinity of the Sky Harbor airport, the new bridge at SR153, nor the new grade control structure
in the vicinity of Sta. 223+02. The model used a flood hydrograph with a peak 100-year
discharge based on 215,000 cfs. Note, through the study reach, the recently revised 100-year
peak discharge is closer to 166,000 cfs. Overall, preliminary results from the model indicated
that there was a general degradation trend in the river.
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27. Sudden Gate Opening Analysis for Rio Salado Town Lake. On 2 January 1997 a report
titled "Revised Sudden Gate Opening Analysis for Rio Salado Town Lake" prepared by
CH2MHill (reference 1.d) was transmitted to CESPL-ED-HH by the Study Manager for review.
The dam failure scenario was predicated on first simulating the outflow hydrograph by using an
unsteady flow procedure based on diffusion wave routing. Then the Modified Puls procedure
was used to route the outflow hydrograph's flood wave downstream. A cursory examination of
the development of the outflow hydrograph appeared reasonable given the assumptions and
conditions defined in the analysis. However, we consulted the hydrologic group (formerly
CESPL-ED-HE) of the Hydraulics Section to review the hydrologic portion of the report. In
general, it was felt that use of the Modified PuIs routing procedure was not fully applicable for
replicating a rapidly varying flood wave. Additional concerns also centered around the
following: a) the outflow hydrograph volume might be overstated by 15-17%; b) the time-step,
although appropriate for the breech hydrograph when used in the Modified PuIs routing process,
tended to underestimate the attenuation process; and c) the downstream channel percolation was
not taken into consideration with respect to the attenuation of the flood hydrograph. The net
effect of these concerns is to overestimate the downstream peak flow rate, stage, and velocity.
Given the conditions, circumstances, and consequences associated with a potential small dam
failure in a well incised, undeveloped soft-bottom channel and the seemingly conservative
quantification of the downstream impacts in terms of resultant peak discharges, flood depths, and
average flow velocities, the overall report appears to be acceptable. Quantitative details of the
report is discussed below under Sudden Gate Opening Analysis.

28. In 1992, CH2MHILL prepared a report for the City ofTempe (reference 1.c). Within this
study, a report by CRSS Commercial Group, Inc. (CRSS, 1990) was referenced since they
prepared a sediment transport and scour analysis of the Tempe Reach. The study reported an
average scour depth of about 5 ft (9 ft with a safety factor) for the Tempe Reach. However, the
100-year peak discharge used was 215,000 cfs while the updated 100-year discharge is 166,000
cfs. For a peak discharge of 160,000 cfs, the average scour depth is 3.5 ft (6 ft with a safety
factor). The CRSS study also concluded that the existence oflarger gravels and cobbles in the
channel bed materials would limit the depth of scour during a flood event through a process
called arrnoring. In this process, the finer material is scoured away and the larger sediment sizes
remaining i.e., larger gravel and cobbles, form a layer which resists further channel degradation.

Study Methodology

29. Description of Model. The computer program HEC-6 developed by the Hydrologic
Engineering Center was used for the sediment analysis (reference 1.1). HEC-6 is a one
dimensional numerical model of river mechanics that computes scour and deposition by
simulating the interaction between the hydraulics of the flow and the rate of sediment transport.
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'30. An existing preliminary HEC-6 model (reference 1.j) was modified and used. The existing
model extends from Sta. 199.91 to 237.59. The proposed project reach extends from Sta. 211.45
to 216.52 (Phoenix Reach) and from Sta. 220.04 to 223.13 (Tempe Reach). The following
modifications were added to the model: 1) the airport channelization between Sta. 216+63 to
218+24; 2) the new bridge geometry (SR153) at Sta. 218+27; 3) the grade control structure near
McClintock Road, and 4) an updated lOa-year hydrograph with a peak discharge of 166,000 cfs.

31. Calibration. An existing HEC-2 model (reference 1.a) was converted into an HEC-RAS
model to use for base conditions hydraulic analysis. The existing conditions HEC-6 model was
calibrated to the HEC-RAS model. Head losses for bridges were simulated by artificially
increasing the losses in the HEC-6 model. The roughness coefficients for the HEC-6 model were
revised until the difference between the water surface elevations between the HEC-6 and HEC
RAS models were less than 1 ft. The model was calibrated for three different flow conditions: 1)
a low flow within the low flow channel; 2) an intermediate flow; and 3) the lOa-year peak flow.

32. A similar calibration procedure was used for the with-project conditions. The HEC-RAS
models for the base conditions were modified by adding the low flow channel and drop structures
for the Phoenix Reach, and changing the roughness coefficients for the Phoenix and Tempe
reaches. The base conditions HEC-6 model was then modified to reflect the changes made in the
with-project conditions HEC-RAS model to create a with-project conditions HEC-6 model. The
with-project conditions HEC-6 model was then calibrated as discussed above.

33. Hydrology. Only minor modifications were necessary for the hydrology information in the
existing HEC-6 model. The existing representative ten year period of record was not modified
and was used as the antecedent flows. The lOa-year hydrograph at the end of the ten-year flow
period in the existing HEC-6 model (peak Q= 215,000 cfs) was replaced by an updated laO-year
hydrograph provided by the Hydrology group of the Hydrology and Hydraulics Section (peak Q =
166,000 cfs).

34. Downstream Water Surface Elevation. The downstream limit rating curve used in the
existing HEC-6 numerical model was used. No changes were made since the downstream end of
the model is far enough downstream from the project reach that any modifications to the channel
geometry upstream will have no effects to the downstream rating curve.

35. Sediment inflow. Sediment inflow assumptions in the existing numerical model were not
modified. Since measurements of suspended or bed-load sediment do not exist for the project
reach of Rio Salado, an alternative approach was developed by Kimley-Horn, Inc. A calculated
sediment load near Granite Reef Dam was the calculated equilibrium sediment load used. The
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sensitivity of the model to the sediment inflow was tested and is discussed below in the section
titled Sensitivity Analysis.

36. Bed material. The bed material gradations in the existing numerical model were used. The
samples were taken near the surface at approximately one-half mile intervals throughout the
study area. In general, sediment sizes utilized in the model ranged from very fine sand to
medium size gravel. A copy of the report plate from the Kimley-Horn report showing average
bed material gradations is included as Enclosure 20. Note the larger grain sizes found between
Sta. 212to 223 confirm channel bed material observations during site visits to these areas.

37. Transport Function. Yang's unit stream power function was used in the existing HEC-6
model. This function is generally applicable for sand transport in streams and small rivers.
Additional transport functions were used in the numerical model and tested for sensitivity and is
discussed below in the section titled Sensitivity Analysis.

38. With-Project Conditions. The HEC-6 model for base conditions was modified to model
with-project conditions. The low flow channel and vegetated area were inserted into the model
and calibrated to the with-project conditions HEC-RAS model as discussed above. Two different
HEC-6 numerical models were necessary for the with-project conditions since HEC-6 does not
have the capability of modeling drop structures that do not extend across the channel bed. The
first model assumed that the proposed drop structures extended across the channel bed. The
second model assumed that the drop structures were ineffective, i.e. they were not modeled as
hardpoints. The maximum scour for the Phoenix and Tempe Reaches was determined from
either the average minimum bed elevation change of the two models. The other model
parameters as discussed above were not modified.

39. Low Flow Channel Lakes. A reasonable estimate of the minimum scour elevation was
determined from the numerical models. It is recommended that the clay liner be placed at a
minimum depth of 2 ft below this minimum elevation to preclude it from being an O&M issue.

40. Sudden Gate Opening Analysis. A separate numerical model was used for this task. Results
from the CH2MHill Report "Sudden Gate Opening Analysis" (reference l.d) were used in
combination with the numerical model to determine scour that would occur downstream of the
Tempe Lakes after a sudden gate opening.

41. In terms of a quantitative perspective, the CH2MHill report indicated that given a rapid
drawdown of one of the four 18 foot high rubber dams, one could expect that the initial discharge
of 45,000 cfs (less than a 10-year frequency event) would exit the area with an approximate
velocity of 19.6 fps at a depth of 12 feet. Just immediately downstream at Priest Drive (Sta.
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200+03) the peak discharge would be approximately 44,500 cfs with a maximum velocity of 11.4
fps and a depth of around 4 feet. As the wave moves downstream, the peak discharge, depth, and
velocity would be attenuated as a function of cross sectional geometry, reach length, and channel
slope. The wave peak would intersect the Hohokam Freeway (Sta. 219+00; approximately two
miles downstream of the dam) in approximately 18 minutes with a maximum velocity of9 fps
and a depth of about 7 feet. At the downstream limit of the Phoenix study area (19th Avenue;
Sta. 211 +51), the flood wave would have traveled approximately 9.5 miles in two hours and
attenuated to a peak discharge of20,000 cfs with a maximum velocity of 5 fPs and a maximum
depth of 5 feet. Finally, at the 91st Avenue crossing of the Salt River (approximately 19 miles
downstream), the flood wave peak of9,800 cfs would have taken approximately seven hours to
arrive at this location and would have its effective velocity and depth reduced to fps and 3.3 feet
respectively. .

42. Modifications to the numerical model were necessary to model the sudden gate opening.
The outflow hydrograph generated by the sudden gate opening analysis from the CH2MHill
report was applied at the downstream dam. The inflowing sediment load used in the numerical
model was changed to a negligible value to model clearwater conditions for the water in the lake.
It is expected that the scour results obtained will be conservative since the standard operating
procedures would not allow for such a sudden gate opening.

43. Model Adjustment and Circumstantiation. Adjustment and circumstantiation of the model
was not possible due to a lack of prototype data. This situation is typical of ephemeral streams
located in the southwest. However, in order to reduce the amount of uncertainty in this or
subsequent analyses, a sediment sampling and monitoring program should be developed- and
implemented for Rio Salado. This program would conceivably consist of collecting suspended
and bed material samples from Rio Salado during flood events. Additionally, significant changes
in the channel geometry following flood events should be documented in terms of detailed
topography. Results from the sampling program could be compared to computed results and
used to adjust the numerical model and decrease the uncertainty in the rates and volumes of
sediment transport.

Study Results

44. Existing Conditions. Results of the sediment routing of the 1OO-year flood are tabulated in
Enclosure 21 and are shown in Enclosure 22. Both the Phoenix and Tempe reaches show a
degradation trend. The average degradation for the Phoenix and Tempe reaches is 2.2 and 3.3 ft,
respectively. These results are consistent with the Kimley Horn report.
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'45. With-Project Conditions. Results ofthe sediment routing of the lOa-year flood are tabulated
in Enclosure 23 and are shown in Enclosure 24. Both the Phoenix and Tempe reaches show a
degradation trend. The average degradation is for the Phoenix and Tempe reaches is 3.6 ft and
2.9 ft, respectively.

46. Since two different models were used to model the project, two results are shown in
Enclosure 23. The left side of Enclosure 23 shows the bed change if the proposed drop structures
extended across the channel. The right side of Enclosure 23 shows the bed change if the
proposed drop structures were ineffective, i.e. they were not assumed as hard points. Since the
actual results will be in between, the average of the maximum bed change of the two models at
critical points of the hydrograph was used to determine the maximum scour. This is shown in the
rightmost column of Enclosure 23.

47. Because of the degradation trend, the low flow channel bank protection was extended below
ground to a sufficient depth as dictated by the sediment analysis. The bank protection was
extended at both the toe and backside for a minimum of 5 ft. The table below shows the actual
toe down used for the low flow channel bank protection.

Table 3: Depth of Toe Down (Phoenix Reach)

Station (miles) Depth of Toe Down (ft)

217.00 to 216.29 5

216.29 to 215.46 6

215.46 to 214.52 5

214.52 to 212.46 7

212.46 to 212.12 6

48. HEC-RAS was used to compute the scour at bridges. The computation of scour at bridges is
based upon the methods outlined in Hydraulic Engineering Circular No. 18 (reference 1.f). Pier
scour was computed by the Colorado State University Equation using the results from the HEC
RAS output. The scour computed for bridges within the project reach ranged from 5.4 to 6.0 ft.
These values generally agreed with the HEC-6 model results.
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49. A concept design is shown in Enclosure 25 to protect the bridge piers from scour. This
would consist of lining the low flow channel bed with 30" of soil cement 20 ft upstream and
downstream of the bridge. The liner would be keyed in 5 ft below ground upstream and
downstream of the bridge. The sides of the liner would be connected to the low flow bank
protection. The whole structure would essentially act as a grade control stabilizer.

50. Low Flow Channel Lakes. To help define the relationship between the burial depth and
installation costs of lake lining systems and the risk of damage or failure of the lining system, the
expected scour depth during the 100-year flood event was estimated from the model results. It is
recommended that the clay liner be buried 2 ft below the maximum scour depth. Table 4 shows
the recommended depth of the clay liner for the different lakes.

Table 4: Depth of Clay Liner (Phoenix Reach)

Location of Lake Burial Depth of Clay Liner (ft)

24th Street Bridge 8

16th Avenue Bridge 7

7th Street Bridge 9

Central Avenue Bridge 9

7th Avenue Bridge 9

51. Town Lakes. Results of the sediment analysis for the sudden dam gate opening are shown in
Enclosure 26. In general, the sediment scour will be less than 1 ft. Note that the scour
associated with the sudden dam gate opening is less than that expected for existing conditions.

52. Indian Bend Wash. Based on a cursory examination of the estimated low flow channel
invert using the updated Indian Bend Wash model and reference l.m information, it appears that
this study reach has been relatively stable. The likelihood that this condition will remain so in
the future is very good given the physical structures at McKellips and Curry Roads and especially
the downstream drop structure at approximate IBW Sta. 0.50. For with-project conditions, it is
expected that this reach will be relatively stable since no major channel geometry changes will be
made. A more detailed study should be done in the next phase of the study to confirm this.
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Sensitivity Analysis

53. Due to the lack of prototype data, it was especially important to do sensitivity analysis for
several variables used in the HEC-6 model. The sensitivity analysis was only done for the with
project conditions. The following variables were examined in terms of the model's sensitivity:
sediment inflow, antecedent flows, transport function, and bed material size. Results of the
sensitivity test are illustrated in Enclosure 27.

54. Sediment Inflow. Sensitivity to the sediment inflow was obtained by varying the sediment
inflow load. Specifically, the inflowing sediment load was halved and doubled at the upstream
end of the numerical model during the simulations by means of a load ratio option in the HEC-6
program.

55. In general, the channel invert profiles associated with the different sediment inflows are
similar. Thus, it was determined that the channel invert profile was not significantly sensitive to
the inflowing sediment load.

56. Antecedent Flow. The impact of antecedent flows on the inflowing sediment concentration
was tested by simulating two back-to-back 1DO-year flood events using the Yang's transport
function. The two 1DO-year flood event hydrographs were placed behind the 10 years of flow in
the model. By testing this flood combination the sensitivity to antecedent flood events could be
evaluated.

57. In general, the channel invert profiles using one or two 1DO-year hydrographs are similar.
Thus, it was determined that the channel invert profile was not significantly sensitive to
antecedent floods.

58. Transport Function.· Yang's function was used exclusively for the numerical model.
However, a sensitivity analysis was done with ot.~er functions. These functions include a
combination of the Toffaleti and Meyer-Peter and Muller function, the Laursen (Copeland)
function, a combination of the Toffaleti and Schoklitsch function, and the Acker-White function.
These functions are generally appropriate for sand and gravel streams.

59. The sensitivity analysis results using the different transport functions are consistent except in
a 2.5 mile reach of the Phoenix Reach. Between Station 212.5 to 215.0, Yang's function
indicates degradation while the other functions indicate aggradation to a certain degree. The
deposition associated with the different function varies from 4 ft to 9.5 ft. Because of this
discrepancy, this reach should be studied in further detail in the next phase of the study.
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SUBJECT: Hydraulic Section F5 Support Documentation for the Rio Salado, Salt River,
Arizona, Feasibility Study

60. Bed Material. A sensitivity analysis was done in the Kirnley-Horn report to detennine the
model's sensitivity to large bed materials. Specifically, one single coarser soils sample was used
for the entire study reach. The conclusion was that the model is not sensitive to the coarser bed
material size.

Qualification of Results

61. Although this sediment analysis is adequate for this level of study, additional detailed·
sediment routing analyses are required during the next phase of the study to confinn and
optimize the proposed design. It is especially important to determine the cause of the model's
sensitivity to the different sediment transport functions for a 2.5 mile reach in the Phoenix Reach.
The above results illustrate the nature and complexity of the sedimentation analysis of Rio
Salado. The scour depths above represent an average across the channel width. The actual scour
depths will vary both laterally and longitudinally throughout the cross-section.

Summary

62. A sediment analysis of the design alternative was conducted to determine the project
performance with respect to sedimentation. Bridge pier scour, clay lake liners, and scour
downstream of the Tempe Lakes were also analyzed for project performance. The HEC-6level
analysis indicated that scour will occur within the project reach, but that the scour should not be
severe enough to compromise the project performance. Further study is required to further
confinn the project viability and to optimize the proposed project configuration.
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Discharge-Damage Relationship
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Salt River Sedilent Trend Analysis
Figure 3 - Sediment Test Results
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C:WAN\SALADO\SEDIMENnPROFILE.WB2
07-Nov-97 Hydraulic Design

US Army Corps of Engineers
Los Angeles District

Channel Bed Change (ft) Tempe

Station Pre-flood Peak Final Average Maximum
(miles) (ft) (ft) (ft) (ft) (ft)
223.13 -1.6 -3.1 -1.2 -2.0 -3.1
223.09 0.0 1.0 0.4 0.5 0.0
223.05 -0.1 2.1 0.1 0.7 -0.1
223.02 -0.1 0.4 -0.0 0.1 -0.1
222.93 -11.2 -20.0 -11.4 -14.2 -20.0
222.55 -3.5 -2.0 -2.8 -2.8 -3.5
222.09 -3.6 -1.6 -3.2 -2.8 -3.6
221.70 -3.2 -2.5 -2.7 -2.8 -3.2
221.26 -1.8 -1.5 -2.1 -1.8 -2.1
221.19 0.8 0.3 1.0 0.7 0.3
220.96 -0.2 -0.5 -0.2 -0.3 -0.5
220.92 -0.1 1.1 0.0 0.3 -0.1
220.88 -0.1 0.0 -0.1 -0.0 -0.1
220.06 -5.7 -6.8 -6.9 -6.5 -6.9
220.04 -5.0 -4.3 -6.2 -5.1 -6.2

Channel Bed Change (ttl Phoenix

Station Pre-flood Peak Final Average Maximum
(miles) (ft) (ft) (ft) (ft) (ft)
217.00 -0.1 0.2 -0.0 0.0 -0.1
216.52 -2.0 -1.1 -1.9 -1.6 -2.0
216.37 -1.6 -0.4 -1.6 -1.2 -1.6
216.33 -2.8 -1.7 -2.7 -2.4 -2.8
216.29 -2.8 0.4 -2.7 -1.7 -2.8
215.82 -5.9 -2.3 -4.9 -4.4 -5.9
215.65 -4.2 -2.6 -4.1 -3.6 -4.2
215.09 0.1 -1.8 0.6 -0.4 -1.8
214.79 -0.2 4.8 0.4 1.7 -0.2
214.52 4.0 2.1 4.1 3.4 2.1
214.14 1.4 -0.2 -0.4 0.3 -0.4
213.75 0.1 -2.5 -1.8 -1.4 -2.5
213.26 -0.1 -3.6 -2.5 -2.1 -3.6
212.68 -6.5 -4.4 -7.5 -6.2 -7.5
212.37 -7.6 0.8 -7.9 -4.9 -7.9
211.89 -4.6 -6.0 -4.5 -5.0 -6.0
211.45 -5.3 -5.8 -5.3 -5.4 -5.8
211.41 -5.9 -5.2 -5.8 -5.6 -5.9
211.37 -5.9 -5.3 -5.9 -5.7 -5.9
211.21 -3.9 -5.6 -4.3 -4.6 -5.6
210.93 7.2 5.5 6.1 6.3 5.5
210.64 4.8 6.0 4.7 5.2 4.7
210.36 5.5 8.6 5.8 6.6 5.5
210.07 1.4 2.7 2.9 2.3 1.4

Enclosure 21

•
Sediment Analysis

Channel Bed Change - Existing Conditions

•
Rio Salado Feasibility

Both Reaches

•



C:\VAN~DO\SEDIMENnPROFILE.WB2
07·Nov-97 •Hydraulic Design

US Army corps.ngln.ers
Los Angeles District
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C:\vAN\SALADo\SEDIMENnPROFILE.WB2
07-Nov-97
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•• • •C:WAN\SALADO\SEDIMENT\PROFILE.WB2
07-Nov-97 Hydraulic Design

US Army Corps of Engineers
. Los Angeles' District

Station Pre-flood Peak Final Average Maximum Pre-flood Peak Final Average MaXimUIT\
(miles) (ft) (ft) (ft) (ft) JA.f~%~;';:(tt (ft) (ft) ft) (ft) ~~'~f Ie

. Chann~1 Bed Change (tt)
Proposed Drop Structures Across Channel Bed Proposed Drop Structures Ineffective

217.00 0.0 0.1 0.3 0.1 ;i:~'i'"l;l\i,1WiO -0.1 -0.2 0.1 -0.1 ~2:

216.52 -1.7 -1.1 -1.4 -1.4 i~~tirr:;1~1~~ -1.7 -1) -1.5 -1.6 ~1!
216.37 -2.4 -1.9 -2.5 -2.3 ·,.:of':,;.2·;5 -2.4 -2.4 -2.5 -2.4 i5

,.~:.~-.:.~,':. ';" ~.;·"ii ~ ~:\.'" "
216.33 -2.8 -1.6 -2.7 -2.4 '',.,IF' ,-2,S -2.8 -1.6 -2.7 -2.3 ' is
216.29 1.0 1.6 0.9 1.2 ?~ij~:\:~i~6¥g -2.8 -2.1 -2.7 -2.5,"1'a(',..."",.,+ ..,." -,.,."
216.04 -0.1 0.5 -0.0 0.1 {:·;f'.~i(;:~O~1f -15.9 -15.7 -14.4 -15.3 . 5~9

215.94 -0.9 -0.9 0.6 -0.4:}':';';i~idt9, -10.2 -10.2 -8.5 -9.6 6ti;
..~. '-, 1o::{·:r ":,,Itf':, •.;r.

215.82 -1.9 -2.1 -0.6 -1.5:i ;~~~;1j; -11.2 -11.2 -9.7 -10.7 !~~'
215.65 -1.1 -1.2 -0.4 -0.9 i: ;:1~2 -11.0 -11.0 -9.1 -10.4 11m
215.56 -0.1 0.6 -0.0 0.2 ;s:~;::r;<:;~~1~11: -11.1 -11.0 -9.3 -10.5 . ,Jl
215.46 -3.3 -2.6 -0.8 -2.2 ··f:!.l'r;:f,3r:3: -6.9 -6.9 -5.8 -6.5 i9,'
215 09 0 1 0 3 0 1 0 1 ·;":'j7.:r.;,.1.'0='t1~' 6 5 6 0 5 2 5 9 ·f"'l5'• - • • - • . . '·:~.Y:~··:-'·~" ~l ~ - . • . - . - . ~ .

. " .::,.,;."l-".:';. r:""l ';'~rl,,::,,!
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PURPOSE

The following presents an economic evaluation of the benefits and costs associated with riparian habitat
restoration opportunities along Indian Bend Wash and the Salt River in central Maricopa County, Arizona.

METHODOLOGY

Methodology employed for this economic analysis is in accordance with current Principles and Guidelines and
standard economic practices. Evaluation of environmental restoration alternatives has been completed in
conformance with IWR Report #95-R-1 -- Evaluation ofEnvironmental Investments: Procedures Manual (May
1995). Benefits and costs are computed at October 1997 price levels. The period of analysis is 50 years.

STUDY AREA

Nature of Problem

In pre-settlement times (prior to 1900) the Salt River was one of the few perennially-watered riparian areas of
the Arizona Sonoran Desert, with highly productive cottonwood, willow and mesquite habitats. These areas were
rich in habitat diversity, supporting a wide variety of wildlife species. As the lower Salt River valley became
developed, riparian habitat degraded significantly. The once perennial Salt River has now been transformed into
a dry riverbed virtually devoid ofhabitat. During the 1980's a Corps ofEngineers flood control project at Indian
Bend Wash displaced the last remnant of a mesquite bosque community that once occupied the region.

During the Reconnaissance Study, approximately 28 miles ofthe Salt River extending through Phoenix, Tempe,
and Maricopa County, Arizona were surveyed and analyzed to determine potential sites for environmental
restoration and enhancement opportunities. Based upon the results of the Reconnaissance Study analysis,
separate areas within Tempe and Phoenix were identified as being most suitable.

Tempe Portion of Study Area

In 1977, the Corps of Engineers completed construction of an outlet channel for Indian Bend Wash extending
from McKellips Road south to the Salt River, a distance ofabout 1.3 miles. The completed project consisted of
a low flow channel and a terraced bench between two levees. By widening, deepening and defining the channel,
the construction removed an existing mesquite bosque and disturbed native vegetation. After construction, the
entire outlet channel was left as bare earth. Restoration of the mesquite bosque and establishment of riparian
wetlands in the IBW outlet channel was chosen to be the focus of the Tempe portion ofthe Rio Salado feasibility
effort.

McKellips Road bridge crossing ofIBW is the upstream limit ofthis study area (see Figure 1, page 2). Between
McKellips and Curry Roads, a municipal golf course now occupies the lands between the low flow channel and
the outside levees. The potential exists to establish aquatic strand-type habitat in the low flow channel of this
reach.
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Between Curry Road and the Salt River, the low flow channel and the bench between the outside levees remains
bare dirt. In this portion of the study area, establishment of mesquite bosque on the bench and aquatic strand
habitat in the low flow channel were the focus of study efforts.

Restoration opportunities have also been analyzed for the areas along the Salt River immediately upstream ofthe
Tempe Town Lake upstream dam and immediately downstream of the downstream dam. Tempe Town Lake is
planned to be in place within the next several years.

Phoenix Portion of Study Area

The Salt River extending through Phoenix is currently a dry river bed virtually devoid of habitat. The
Reconnaissance Study identified the area from 32nd Street (the Interstate 10 bridge) to 19th A venue as most

suitable for a restoration project (see Figure 2, page 4). A drop structure on the downstream end of the 1-10
bridge would serve as the starting point for a project. The 19th Avenue bridge was chosen as the downstream
limit. At this location, a superfund cleanup project is nearing completion which has lined the banks of the Salt
River with soil cement and capped an old landfill on the north and south bank ofthe river. The total distance of
the study reach is approximately 5 miles.

Old landfills and active mining operations occupy much of the study reach today. The multiple landfills cause
aesthetic and land use challenges as the vacant, contaminated areas affect the surrounding neighborhoods and
ground water aquifers. Additionally, once the mining operations in the area are concluded, the final configuration
of the abandoned pits will place additional land use burden on the community. These concerns were addressed
when developing environmental restoration alternatives for the study area.

Population

The study area is located in central Maricopa County and extends through the cities of Phoenix and Tempe.
These two cities, along with the remaining areas of Maricopa and Pinal Counties, comprise the Phoenix
metropolitan statistical area (MSA). The Phoenix MSA population, which only totaled about 375,000 in 1950,
is currently estimated at over 2.56 million. Figure 3 below shows the significant growth experienced from 1990
through 1995.

Figure 3
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• As of 1995, the Cities of Phoenix and Tempe had populations of approximately 1,083,000 and 156,000,
respectively. Combined, these two cities represent nearly half of the total Phoenix MSA population. As shown
on Figure 4, the population growth within the study area has far surpassed the national average. In fact, the
Maricopa County MSA has been growing at an annual compound rate of about 2.75 percent, or about 2.5 times
the national average of 1.1 percent. Over the past five years, the City of Phoenix's population rank has jumped
from ninth to seventh in the nation.

Figure 4
Population Growth (1990-1995)
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The u.s. Census projects that Arizona will continue to experience strong growth. State population is projected
to climb from 4.2 million (July 1995) to over 6.4 million by the year 2025. This projected net gain ranks sixth
in the nation, while the growth rate ranks fourth. By 2025, Arizona's population ranking is expected to climb
from 23rd (1995) to 17th.
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Ernplovrnent & Economv

The Phoenix area population growth illustrated above has been due primarily to net migration into the area.
Factors contributing to this inmigration include diverse job availability, climate, quality oflife, low cost ofliving,
and a strong, diversified industrial base.

Statistics obtained from the City of Phoenix indicate that greater Phoenix accounts for 65 percent of Arizona's
workforce. Inmigration and high graduation levels from Arizona State University have provided local employers
with a quality labor force. Primary industries in the area include aerospace and electronics manufacturing,
business services, travel and tourism and information processing. Phoenix is also the state capital and home to
the Maricopa County government, as well as many Federal government services. The following table provides
breakdown of employment by industry in the greater Phoenix area.
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Table 1
Greater Phoenix Employment by Industry

Services 29.3%

Trade 24.5%

Government 14.3%

Manufacturing 12.3%

Finance, Insur., & Real Estate 7.5%

Construction 6.4%

Transport., Comm. & Utilities 5.3%

Ag. & Mining 0.4%

•

Table 2
Greater Phoenix Largest Employers

In the past three years, the number of new jobs in the area has totaled 34,800,52,000, and 55,000, respectively.
The largest increases have come in the construction, services and trade sectors. lnfonnation technology
businesses have provided a large influx of employment to the area. As shown on Table 2 below, two high-tech
firms, Motorola and Allied Signal Aerospace, are now among the area's five largest employers. New facilities
for Intel, Motorola, Microchip Technology and Sumitomo are currently in the planning or building stages or have
been recently completed. In fact, nearly half of the state's manufacturing jobs are in the high-tech sector.

State of Arizona

Motorola

Maricopa County

Samaritan Health System

Allied Signal Aerospace Co.

City of Phoenix

America West Airlines

Arizona State University

34,000

20,000

11,975

11,873

10,500

10,227

7,743

7,500

•

The substantial growth in employment opportunities has helped maintain low unemployment rates in the Phoenix
area. Unemployment rates in Phoenix have remained well below the state and the national rates.

To accommodate the population expansion in the area, over 29,600 new single family homes were constructed
in the greater Phoenix area in 1996 -- up from 28,500 in 1995 and 27,400 in 1994. According to infonnation
obtained from the City of Phoenix, over 30 percent of the housing stock has been constructed in the past ten
years. Most ofthe newer homes are constructed in master-planned communities, offering such amenities as lakes,
golf courses and bike trails. New homes in the area are reasonably priced compared to other metropolitan areas.
The average cost ofa new single family home is about $112,500. Low housing costs are a primary factor making
the overall cost ofliving in Phoenix among the lowest of major U.S. metropolitan areas.
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WITHOUT PROJECT CONDITIONS

Riparian Habitat

The study area stretching through urbanized Tempe and Phoenix is essentially an expansive dry river bed
dominated by large expanses of cobble and rubble. According to information obtained from the Los Angeles
District Environmental Resources Branch, the Salt River through Tempe has been classified as "completely
artificial", indicating it is a 100% engineered and/or built channel with altered processes and sediment. In the
Phoenix study area, the classification changes to "essentially artificial", indicating it displays 90% to 100%
altered channel patterns and cross-sectional shapes or sediment characteristics as a result of human activities; a
largely artificial channel due to engineered bed and/or banks including dredging but with few natural forms or
processes remaInIng.

The few existing riparian communities in the Rio Salado area are currently supported by wastewater effluent,
sporadic flood releases from upstream and local storm-water runoff. Only disturbed riparian vegetation occurs
on sandbars and terraces. The vegetation is primarily salt cedar (tamarisk) and desert broom with scattered
cottonwood, seep willow and rabbit brush. As wildlife depend on vegetation for food and/or cover, the lack of
vegetation in the study area makes the area generally unsuitable as wildlife habitat. Only small birds, small
mammals and reptiles tolerant of very disturbed conditions inhabit the study area.

Modified HEP Analvsis

The methodology utilized to assess environmental outputs for this study is based upon U.S. Fish & Wildlife
Service's Habitat Evaluation Procedure (HEP) analysis. HEP is an evaluation methodology in which the
environmental impacts of projects are measured in ecological, rather than monetary terms. As a result, it is not
possible to perform a direct benefit/cost analysis. Rather, the focus of HEP analysis, as well as other non
monetary evaluation techniques, is to determine the most cost-effective way to provide an array ofenvironmental
outputs. This is typically completed through an incremental cost analysis in which the marginal cost ofproviding
additional environmental outputs is determined. There has been a considerable amount ofresearch on developing
techniques to quantify environmental outputs in monetary terms. A discussion of these methodologies is
presented in the attached Addendum.

Evaluation of present riparian habitat conditions was based upon the following criteria used to estimate habitat
quality ofthe Rio Salado study area: 1) whether species were threatened or endangered; 2) presence ofa continual
water source; 3) whether there was bird or wildlife species present; 4) the composition of species; 5) the density
of species; 6) the height of existing vegetation; and 7) the presence of disturbances within and adjacent to the
habitat. These criteria were applied to sites within the study area to estimate habitat values, expressed in terms
of habitat units. Habitat units serve as a combined measure of habitat quantity and quality of a given site and
are used for comparative purposes. Estimates of habitat units are arrived at by multiplying the habitat quality
rating (on a scale of 0.1 to 1.0, with 1.0 being the highest value) by the number of acres of the site.

There are currently only about 4.6 acres of riparian vegetation (willows and cottonwoods) in and along Indian
Bend Wash and the Salt River through the study area. This represents less than one percent ofthe total study area
acreage, which ranges from 690 to 1020 acres, depending on whether gravel pit areas are included. As discussed
in the Environmental Impact Statement, the quality of the habitat (Habitat Value) was valued as low (0.36 out
a possible 1.0) based upon the criteria described above. Thus, habitat units under without-project conditions are
estimated at 1.656 HU (4.6 acres x 0.36 HV).
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Potential Vegetation & Habitat

If a permanent water source could be provided to the channel, the EIS states that the study area could reasonably
be expected to support three vegetation types:

1) Riparian desert scrub: Occupies the higher bench or terraces of the floodplain. Includes
creosote, catclaw, bursage, saltbush, tamarisk and mesquite.

2) Riparian: Areas that receive perennial flows support a narrow banded riparian community
dominated by cottonwood and willows. This plant community is found along the active
streambed ofthe river or on the first terrace above the river. Riparian vegetation is considered
a extremely rare and valuable habitat type in the southwest.

3) Freshwater marsh vegetation: Consists primarily ofemergent aquatic vegetation such as cattails,
bulrushes and occasionally water cress. This community is located at the lowest elevations of
the river along the watercourse or in areas of shallow ponded water or heavily saturated soils.

These three vegetation types could be considered wildlife habitat types. Wildlife species generally associated with
these habitat types are referenced in the EIS, which specifies that as much as 75 percent ofall ofArizona's native
wildlife depends on riparian/wetland systems during some portion of their life cycle. Riparian areas are critical
to the survival of approximately 60 percent of the fish and wildlife species currently in jeopardy of extirpation
from the state. Riparian and wetland areas are highly productive and support an abundant and diverse fish and
wildlife community.

PROJECT ALTERNATIVES

General Management Measures

The following general management measures have been identified for the Phoenix and Tempe reaches.

1. Vary PlantlHabitat Selection

Habitat native to riparian streams and washes of Arizona have been identified and include Mesquite (M),
Cottonwood and Willow Dominant (CW), Wetland Marsh (WM), Aquatic Strand/Desert Scrub (AS), Open
Edges (0), and Other Habitats (Other).

Open edge habitat does not have a specific plant species, but is considered to have habitat value since wildlife
will utilize the areas to travel to other more valuable habitats. These areas can serve as a buffer between other
habitats and non-habitat areas.

Other habitat is defined as including areas needed for canals, trails, service roads, parking areas, general
landscaping, soil cement embankments, gravel pit bottoms, etc., which are considered to have little or no habitat
value.
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2. Vary Water Use

By mixing the amounts of the different habitats, a range of water supply requirements needed to support the
various alternatives can be established. Specific water demands for use in this study have been identified as: 1)
Low Water Demand (LW), providing more mesquite habitat and less water consumptive habitat such as wetland
marsh and aquatic strand; 2) High (HW) Water Demand, incorporating more water consumptive wetland habitat;
and 3) High Water Demand Plus Aquatic Strand/Stream (Phoenix Reach Only), utilizing the same amount of
water as the High Water Demand, plus the additional amount necessary to support a flowing stream in the bottom
of the river bed.

3. Vary Areas to be Restored

The Tempe Reach contains approximately 140 acres available for restoration. The Phoenix Reach contains 880
available acres, including about 330 acres in six gravel pits.

Potential habitat areas include the low flow channel (LF), an in-channel bench (B), the channel banks (BK), the
channel overbanks (OBK), public access/gateway areas (P), and gravel pit bottoms (G).

4. Installation of Low Flow Channel (Phoenix Reach Only)

Restoration features within the river channel would be periodically subjected to flows from the Salt and Verde
River system. In order to alleviate problems associated with long term inundation, the improvements within the
Phoenix Reach were evaluated with and without the construction of a low flow channel. Without the channel,
inundation will be more frequent, and therefore plant survivability will be effected. Based upon hydraulic and
environmental criteria, a low flow channel width of 200 feet was selected and included in each of the final
alternatives for the Phoenix reach.

5. Continual Flow Measures for Wetlands

Continuous flow is required for proper wetland functioning. In order to satisfY this requirement, the wetlands
could be incorporated as part of the overall water supply distribution system for the entire restoration alternative.
Alternatively, a pump at the upstream inflatable dam for Town Lake would provide a continual aerating water
flow for the wetland habitat, and prevent the accumulation of standing or stagnant water.

6. Site Location of Habitat Areas

Site specific location of habitat areas must be included in development of alternative plans in order to optimize
total habitat value.

Tempe Reach

There are six alternatives proposed for restoration of the Tempe reach. These alternatives are described below
and summarized in an alternative matrix, Table 3. More detailed descriptions of each alternative are provided
in the Main Report.
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Alternative

Table 3
Tempe Reach

Habitat Acres by Alternative
Restoration Habitat Type

Area M CW WM AS 0 Other Total

•
TI LF 50 50

A B 30 30
SR US 30 30

SR OS 30 30
T2

LF 50 50
IBWfLW B 20 10 30

SR US 30 30

SROS 30 30
T3

LF 50 50
IBW+SR(US + OS)fLW B 20 10 30

SR US 5 25 30

SROS 5 25 30
T4

LF 50 50
IBW+SR (OS) fHW B 20 10 30

SR US 30 30
SROS 10 8 12 30

T5

LF 50 50
IBW+SR(US + OS)/HW B 20 10 30

SR US 10 8 12 30
SROS 10 8 12 30

T6
. LF 50 50

SR OS fHW B 30 30
SR US 30 30
~R n~ I() ~ P 1()

Tl. Alternative NA

This is the No Action Alternative. The low flow channel along Indian Bend Wash and the Salt River bed
immediately upstream and downstream ofTown Lake will remain virtually barren, with negligible habitat value.

T2. Alternative IBWILW

This alternative will restore Indian Bend Wash (IBW) areas only with low water use (LW) vegetation.
Improvements would consist of 20 acres of mesquite habitat and 10 acres of open edge habitat on the channel
bench.

10
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T3. Alternative IBW+SR(US+DS) ILW

This alternative restores areas in both Indian Bend Wash and the Salt River (SR) with low water use vegetation.
In addition to the 30 acres of restoration for IBW, 60 acres would also be added in the Salt River upstream (US)
and downstream (DS) of Town Lake (30 acres each). This additional 60 acres would include 10 acres of
mesquite habitat and 50 acres of open edge habitat.

T4. Alternative IBW+SR (DS) / HW

Alternative IBW+SR(DS) / HW will restore Indian Bend Wash areas and the Salt River downstream of Town
Lake with high water use vegetation. This alternative would include restoration ofthe entire 80 acres ofthe IBW
portion ofthe Tempe Reach and the 30 acres downstream ofTown Lake. The IBW bench would include 20 acres
of mesquite and 10 acres of open edge habitat. The low flow channel of IBW would consist of 50 acres of
wetland marsh. The Salt River portion ofthe Tempe Reach downstream of Town Lake would include 10 acres
of cottonwood willow, 8 acres of wetland marsh, and 12 acres of open edge habitat.

TS. Alternative IBW+SR (US+DS) / HW

This alternative would provide high water use vegetation in IBW, as well as both upstream and downstream of
Tempe Town Lake in the Salt River. In addition to the habitat created under Alternative T4, Alternative T5
would provide an additional 10 acres ofcottonwood willow, 8 acres ofwetland marsh, and 12 acres ofopen edge
habitat upstream of Tempe Town Lake.

T6. Alternative SR (DS) / HW

Alternative T6 would provide high water use vegetation to the Salt River downstream of Town Lake. No
restoration is provided under. this alternative for IBW or the Salt River upstream of Town Lake.

Phoenix Reach

Including the no action alternative, there were 21 different alternatives developed for environmental restoration
of the Phoenix Reach. This initial array included differing average low flow channel widths ranging from 200
to 500 feet. The number of alternatives was reduced to 9 based upon hydraulic and environmental criteria.
Specifically, it was determined that a minimum low flow channel width was required to alleviate high operation
and maintenance costs associated with frequent flooding. However, alternatives with channel widths greater than
200 feet would: 1) require additional channel bottom land that could be used for restoration; 2) cost more; and
3) did not appear to provide significantly greater protection.

These remaining 9 alternatives are summarized below. More detailed descriptions can be found in the Main
Report. Table 4 depicts the alternative matrix. Each cell contains an estimated number of acres by habitattype,
according to the amount of water utilized and the location within the channel. Additional variables considered
in the matrix include whether to incorporate gravel pit areas for restoration and whether to include a permanent
surface stream within the low flow channel.
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Table 4
Phoenix Reach

Habitat Acres by Alternative
•

Alternative Restoration

Area M CW WM

Habitat Type

AS 0 Other Total

rl LF 130 130

S 270 270

NA SK 40 40

aSK 60 60

r 50 50
r. 0 0

r2 LF 130 130

S 20 SO 40 120 10 270

SR/LW SK 3; 5 40

aSK 30 20 10 60

r 50 50
r. 0

r3 LF 130 130

S 160 100 10 270

SRlHW SK 5 30 5 40

aSK 10 20 10 20 60

r 50 50
r. 0

r4 LF 130 130

S 20 SO 40 120 10 270

SR/LW+S SK 35 5 40

aSK 30 20 10 60

r 50 50
r. 0

r5 LF 130 130

S 160 100 10 270

SRIHW+S SK 5 30 5 40

aSK 10 20 10 20 60

r 50 50
r. 0

r6 LF 130 130

S 50 SO 40 120 10 300

SR+G/LW SK 45 5 50

aSK 45 35 30 110

r 50 50
r. 10 ?10 ?40

r7 LF 130 130

S 30 160 100 10 300

SR+GIHW SK 5 40 5 50

aSK 25 20 25 40 110

r 50 50
r. '0 ?10 ?dO

rs LF 130 130

S 50 SO 40 120 10 300

SR+G/LW+S SK 45 5 50

aSK 45 35 30 110

r 50 50
r. 10 ?10 ?40

r9 LF 130 130

S 30 160 100 10 300

SR+GIHW+S SK 5 40 5 50

aSK 25 20 25 40 110

r 50 50

G 10 230 240
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PI. Alternative NA

Alternative NA is the No Action alternative, which maintains the future without project conditions within the
Phoenix Reach. The 550 acres ofthe Salt River (SR) from the 1-10 Bridge to 19th Avenue will remain barren
cobbles, and the 330 acres of gravel pits (G) will remain unsightly, unused hazard areas. The habitat value of
the entire 880 acres will continue to be negligible (currently estimated at less than two habitat units (HUs).

Pl. Alternative SRILW

Alternative SRILW wi II restore the Salt River portion of the Phoenix reach with low water use vegetation. Most
ofthe reach would remain as open edge habitat, other than approximately 140 acres on the channel bench and
about 30 acres on the channel overbank. No improvements would be placed in the low flow channel itself; this
area would remain as open space. This alternative does not incorporate the gravel pit areas.

P3. Alternative SRlHW

This alternative will restore the Salt River portion ofthe Phoenix reach with higher water use vegetation involving
more riparian habitat. Relative to Alternative P2, this alternative provides more acreage of non open-edge
habitat, including substantially more cottonwood-willow and wetland-marsh habitat.

P4. Alternative SRlLW+S

Alternative SRILW+S is similar to Alternative P2, but also incorporates a permanent flowing stream in the low
flow channel. This alternative is expected to provide additional aquatic-strand type habitat within the low flow
channel.

P5. Alternative SRlHW+S

Alternative SRlHW+S is similar to Alternative P3, but also incorporates a permanent flowing stream in the low
flow channel. This alternative is expected to provide additional aquatic-strand habitat within the low flow
channel.

P6. Alternative SR+G/LW

This alternative would restore the Salt River in the same manner as Alternative P2. In addition, this alternative
would include restoration of three gravel pits in the study area. The banks of the gravel pits would be cut back
to create additional bench area for restoration.

P7. Alternative SR+GIHW

This alternative would restore the Salt River in the same manner as Alternative P3. In addition, this alternative
would include restoration of three gravel pits in the study area.

P8. Alternative SR+G/LW+S

This alternative would restore the Salt River in the same manner as Alternative P4. In addition, this alternative
would include restoration of three gravel pits in the study area.
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P9. Alternative SR+GIHW+S

This alternative would restore the Salt River in the same manner as Alternative P5. In addition, this alternative
would include restoration ofthree gravel pits in the study area.

BENEFITS

Overview

In order to evaluate environmental quality (EQ) benefits, a community-based HEP-like analysis was conducted.
As described in the Without Project Conditions Section, existing vegetation in the study area is negligible and
of poor quality (less than 2 HUs). Since habitat in the study area is virtually non-existent, all of the alternatives
under consideration represent a vast improvement over without project conditions.

The proposed habitat acreage for each alternative are detailed in Tables 3 and 4. In order to estimate habitat units
for each alternative, habitat values (HVs) were developed and applied to the total number ofacres for each habitat
type. Habitat units for all habitat types were summed to derive total habitat units for each alternative.

Development of HVs

HVs were derived by consensus from a team of personnel with professional experience and qualifications in the
Southwestern Sonoran Desert area of Arizona. The evaluation of HVs for the proposed habitat types was
alternative-based and included consideration of the location of the habitat within the study area, amount of
avai lable water under the alternative, total acreage of the habitat type, and the diversity of habitat under the
alternative. Maximum HVs were used for the analysis. These HVs do not reflect the average value of habitat
that is expected over the life of the project, i.e., they do not take into consideration the value at project year one,
the value when mature, and the value over time considering replacement ofhabitat when required due to flooding
or other habitat maintenance replacement. However, it was determined that maximum HVs would suffice for the
analysis, since it was assumed that the impact of projecting fluctuations in HVs over the project life would be
roughly the same for all alternatives and would therefore not change the results of the incremental cost analysis.

Habitat Units Bv Alternative

Tables 5 and 6 summarize habitat units by habitat type for each alternative for the Tempe and Phoenix reaches,
respectively. As shown on Table 5, the No Action alternative for the Tempe Reach provides virtually no habitat,
and therefore habitat units are assumed to be zero. Habitat units for Alternatives T2 through T6 range from 14
HUs for Alternatives T2 and T6 to 71 HUs for Alternative 5. Alternative 5 would restore Indian Bend Wash and
the areas both upstream and downstream of Tempe Town Lake with high water use vegetation.

For the Phoenix Reach, existing habitat is also negligible under the No Action alternative. Habitat Units under
Alternatives 2 through 9 range from 160 HUs for Alternative P2 to 362 HUs for Alternative P9. Alternative P9
restores the Salt River and gravel pit areas with high water use vegetation, and also incorporates a perennial
flowing stream in the low flow channel.

14
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• Table 5
Tempe Reach

Modified HEP Analysis Results

Alternative M CW WM AS 0 Other Total

T1 (NA)

Acres 140 140

HV 0

HU 0

T2

Acres 20 10 110 140

HV .6 .2 0

HU 12 2 0 14
T3

Acres 30 60 50 140

HV .55 .2 0

HU 16.5 12 0 28.5

T4

Acres 20 10 8 50 22 30 140

HV .6 .6 .7 .58 .2 0

HU 12 6 5.6 29 4.4 0 S7

• T5

Acres 20 20 16 50 34 0 140

HV .6 .6 .7 .58 .2 0

HU 12 12 11.2 29 6.8 0 71

T6

Acres 10 8 ]2 110 140

HV 6 .7 .2 0

HU 6 5.6 2.4 0 14

• 15



Table 6 •Phoenix Reach
Modified HEP Analysis Results

Alternative M CW WM AS 0 Other Total

PI (NA)

Acres 550 550

HV 0

HU 0

PZ

Acres 50 80 40 355 25 550

HV .5 .5 .6 .2 0

HU 25 40 24 71 0 160

P3

Acres 10 185 100 220 35 550

HV .5 .6 .6 .25 0

HU 5 111 60 55 0 23]

P4

Acres 50 80 40 130 225 25 550

HV .5 .6 .6 .5 .25 0

HU 25 48 24 65 56 0 Z]8

P5 •Acres 10 185 100 130 90 35 550

HV .6 .7 .7 .6 .3 0

HU 6 130 70 78 27 0 3]]

P6

Acres 95 90 40 380 275 880

HV .5 .52 .6 .2 0

HU 48 47 24 76 0 19:;

P7

Acres 60 230 100 210 280 880

HV .5 .6 .6 .25 0

HU 30 138 60 53 0 281

P8

Acres 95 90 40 130 250 275 880

HV .5 .61 .6 .5 .25 0

HU 48 55 24 65 63 0 255

P9

Acres 60 230 100 130 75 285 880

HV .5 .7 .7 .6 .3 0

Hl! 1Q 16 1 70 78 ?1 0 362
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• COSTS

Overview

Preliminary cost estimates were provided by Cost Engineering. These estimates do not incorporate all costs
associated with each alternative. Instead, the focus of these cost estimates was to provide adequate information
on key cost variables in order to perform the incremental cost analysis and select recommended plans for the
Phoenix and Tempe Reaches. These key cost components include:

• Low Flow Channel (Phoenix Reach)
Habitat Development by Habitat Type

• Water Supply and Treatment Costs
• Pumps/Pipes (Tempe Reach)
• OMRR&R (Habitat and Water Supply)

Some costs which were excluded from the analysis included real estate, the water conveyance system to support
the habitat, maintenance roads, etc. Real estate costs were assumed to be minimal for all alternatives, since
almost all improvements for each alternative are located within the river. Water conveyance systems,
maintenance roads, and other features were assumed to be similar for all alternatives, and were deemed unlikely
to have a significant impact on plan evaluation.

•
Tempe

Table 7 details first costs and annual costs by alternative for the Tempe Reach.

Table 7
Tempe Reach

Costs by Alternative (in $1,OOOs)

$301

$65 $162

$149

$84 $193

$315 $529

$440 $814

Total
OMRR&R Annual Cost

$97

$374

$214

$152

$109

Interest &
Amortization**

Interest During
Construction* Gross Investment

$45 $1,284

$50 $1,437

$99 $2,822

$172 $4,928

T6 $1,930 $70 $2,000

Alternative First Cost

TI NA

T2 $1,239

T3 $1,387

T4 $2,723

T5 $4,756

* One year construction period assumedfor all alternatives
** 7 3/8%, 50 Years

•
Phoenix

Table 8 details first costs and annual costs by alternative for the Phoenix Reach.
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Table 8 •Phoenix Reach
Costs by Alternative (in $1,OOOs)

Interest During Interest & Total
Alternative First Cost Construction* Gross Investment Amortization** OMRR&R Annual Cost

PI NA

P2 $42,174 $3,110 $45,284 $3,438 $1,223 $4,661

P3 $57,465 $4,238 $61,703 $4,684 $2,672 $7,356

P4 $58,491 $4,314 $62,805 $4,768 $2,555 $7,323

P5 $72,817 $5,370 $78,187 $5,935 $4,016 $9,951

P6 $43,646 $3,219 $46,865 $3,558 $1,366 $4,924

P7 $62,896 $4,639 $67,535 $5,127 $3,223 $8,350

P8 $60,272 $4,445 $64,717 $4,913 $2,734 $7,647

P9 $77,186 $5,692 $82,878 $6,292 $4,555 $10,847

* Two year construction period assumedfor all alternatives
** 73/8%, 50 Years

INCREMENTAL COST ANALYSIS •
Table 9 below summarizes average annual costs and habitat units by alternative.

Table 9
Summary

Annual Costs & Habitat Units by Alternative

Annual Costs Annual Costs
Alternative ($I,OOOs) HUs Alternative ($I,OOOs) HUs

Tl NA NA PI NA NA

T2 $162 14 P2 $4,661 160

T3 $193 29 P3 $7,356 231

T4 $529 57 P4 $7,323 218

T5 $814 71 P5 $9,951 311

T6 $301 14 P6 $4,924 195

P7 $8,350 281

P8 $7,647 255

P9 $10.847 362

•18



• To perform the incremental cost analysis, the above data were input into a computer program called Cost
Effectiveness and Incremental Cost Analysis, Beta Version 2.6. This program, which was developed by the U.S.
Army Corps of Engineers, Institute for Water Resources, sequentially identifies efficient alternatives and
alternative combinations, eliminating those which produce fewer habitat units at the same cost, or which produce
the same habitat units at a higher cost. Efficient alternatives are plotted on a curve which details incremental
increases in habitat units which can be achieved for incremental increases in expenditures. This data, along with
other qualitative factors, can be used as a basis for evaluating alternatives and selecting a recommended plan.

Separate incremental cost analyses were performed for the Phoenix and Tempe reaches, as well as for both
reaches combined. The following sections summarize the results:

Tempe Reach

Ofthe six Tempe alternatives, T6 was eliminated from consideration, since it produces the same level of output
(14 HUs) as alternative T2, but costs nearly twice as much. Table 10 displays incremental costs per output for
the least cost alternatives.

Table 10
Tempe Reach

Incremental Cost Analysis for Least Cost Alternatives

• Annual Costs Incremental Incremental Incremental
Alternative ($I,OOOs) HUs Cost ($1 ,000s) Output Avg. Cost ($I,OOOs)

TI 0 0 0 0.0 0

T2 $162 14 $162 14.0 $11.57

T3 $193 28.5 $31 14.5 $2.14

T4 $529 57 $336 28.5 $11.79

T5 814 71 $285 14.0 20.36

Of the remaining least-cost alternatives, T3, T4 and T5 were identified as the most cost effective, based upon the
incremental cost analysis. The average annual cost per output for T2 is $11,570, relative to only $6,770 for T3.
Therefore, alternative T2 was eliminated from further consideration.

Table 11 summarizes the results of the incremental cost analysis for the Tempe Reach.

• 19



Table 11 •Tempe Reach
Final Incremental Cost Analysis Results

Annual Costs Incremental Incremental Incremental
Alternative ($ I,000s) HUs Cost ($1 ,000s) Output Avg. Cost ($I,OOOs)

TI 0 0 0 0.0 0

T3 $193 28.5 $193 28.5 $6.77

T4 $529 57 $336 28.5 $11.79

T5 $814 71 $285 14.0 $20.36

The incremental cost analysis indicates that the three most cost effective alternatives are alternatives T3
[IBW+SR(U+D)/LW], T4 [IBW+SR (DS) /HW] and T5 [IBW+SR(U+D)/HW]. Alternatives T3 and T5
provide restoration to all three parts ofthe Tempe study area, including Indian Bend Wash and the Salt River both
upstream and downstream ofTempe Town Lake. These alternatives are differentiated based upon the use ofhigh
vs. low water use vegetation. Alternative T4 is similar to alternative T5, but does not include restoration of the
Salt River upstream of Tempe Town Lake.

Phoenix Reach

None of the Phoenix alternatives provide the same level of output for different costs or have the same costs for
different levels ofoutput, so no alternatives were eliminated from consideration based upon these criteria. Table
12 below displays the incremental cost of the least cost alternatives. •Table 12

Phoenix Reach
Incremental Cost Analysis for Least Cost Alternatives

Annual Costs Incremental Incremental Incremental
Alternative ($I,OOOs) HUs Cost ($1 ,000s) Output Avg. Cost·($I,OOOs)

PI ° 0 0 0 °
P2 $4,661 160 $4,661 160 $29.13

P6 $4,924 195 $263 35 $7.51

P4 $7,323 218 $2,399 23 $104.30

P3 $7,356 231 $33 13 $2.54

P8 $7,647 255 $291 24 $12.13

P7 $8,350 281 $703 26 $27.04

P5 $9,951 311 $1,601 30 $53.37 I

P9 $10.847 362 $896 51 $17.57 I

Based upon the final incremental cost analysis, alternatives P6 and P9 were determined to be most cost effective.
The incremental average annual cost of achieving 195 habitat units under P6 is $25,250, which is less than the
incremental average annual cost of implementing any ofthe other alternatives under consideration. For example,
the incremental average annual cost of implementing alternative P2 is $29,130. The incremental average annual •.
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cost of achieving more habitat units than those provided by alternative P6 is $35,470 under alternative P9. This
is less than the average annual cost of achieving additional habitat units under any of the other remaining
alternatives. For example, alternative P4 provides an additional 23 habitat units relative to P6 at an incremental
cost ofnearly $2.4 million. The resulting incremental average annual cost is therefore $104,300. In other words,
to achieve more output than alternative P6, one can implement alternative P4 and achieve an additional 23 habitat
units, but the average annual cost for each of these habitat units is $104,300. This is more than $68,000 per
habitat unit greater than the incremental average annual cost of achieving an additional 167 habitat units under
alternative P9. Table 13 summarizes the results of the incremental cost analysis for the Phoenix Reach.

Table 13
Phoenix Reach

Final Incremental Cost Analysis Results

Annual Costs Incremental Incremental Incremental
Alternative ($I,OOOs) HUs Cost ($1 ,ODDs) Output Avg. Cost ($1 ,ODDs)

PI 0 0 0 0 0

P6 $4,924 195 $4,924 195 $25.25

P9 $10847 362 $5.923 167 $35.47

The incremental cost analysis indicates that alternatives P6 and P9 are cost effective. P6 [SR+G/LW] restores
both the Salt River and the gravel pit areas with low water use vegetation. Alternative P9 is the most
comprehensive alternative and features the establishment of high water use vegetation along the Salt River and
in the gravel pit areas, and also includes a perennial stream in the low flow channel.

Incremental Analysis Excluding Gravel Pit Areas

Subsequent to performing the above incremental cost analysis, it was determined that the land necessary to
incorporate the gravel pit areas would not be available for the project. Therefore, Alternatives P6 through P9
have since been eliminated from consideration. This left the following remaining alternatives for the Phoenix
Reach.

Table 14
Phoenix Reach

Incremental Cost Analysis for Least Cost Alternatives (Excluding Gravel Pits)

Annual Costs Incremental Incremental Incremental
Alternative ($I,OOOs) HUs Cost ($1 ,ODDs) Output Avg. Cost ($1 ,ODDs)

PI 0 0 0 0 0

P2 $4,661 160 $4,661 160 $29.13

P4 $7,323 218 $2,662 58 $45.90

P3 $7,356 231 $33 13 $2.54

P5 $9.951 311 $2.595 80 $32.44

Based upon the final incremental cost analysis for the remaining Phoenix alternatives, alternatives P2 and P5 were
determined to be most cost effective. The incremental average annual cost of achieving 160 habitat units under
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P2 is $29,130, which is less than the incremental average annual cost of implementing any of the other
alternatives under consideration. For example, the incremental average annual cost of implementing alternative
P3 is $31,840. The incremental average annual cost of achieving more habitat units than those provided by
alternative P2 is $35,030 under alternative P5. This is less than the average annual cost of achieving additional
habitat units under any of the other remaining alternatives. For example, alternative P4 provides an additional
58 habitat units relative to P2 at an incremental average annual cost ofabout $45,900. In other words, to achieve
more output than alternative P2, one can implement alternative P4 and achieve an additional 58 habitat units, but
the average annual cost for each of these habitat units is $45,900. This is more than $10,000 per habitat unit
greater than the incremental average annual cost of achieving an additional 151 habitat units under alternative
P5. Table 15 summarizes the results of the incremental cost analysis for the Phoenix Reach.

Table 15
Phoenix Reach

Final Incremental Cost Analysis Results (Excluding Gravel Pits)

Annual Costs Incremental Incremental Incremental
Alternative ($ I ,0005) HUs Cost ($] ,0005) Output Avg. Cost ($I,OOOs)

PI 0 0 0 0 0

P2 $4,661 ]60 $4,66] 160 $29.13

PS $99S] 31 ] $S.290 IS] $3S.03

The incremental cost analysis indicates that alternatives P2 and P5 are cost effective. P2 [SR/LW] restores the
Salt River with low water use vegetation. Alternative P5 [SR/HW+S] is the most comprehensive remaining
alternative and features the establishment of high water use vegetation along the Salt River, and also includes a
perennial stream in the low flow channel.

RECOMMENDED PLAN

Tempe Reach

The recommended plan for the Tempe Reach has essentially the same features as Alternative T5
[IBW+SR(U+D)/HW], which was the most comprehensive plan analyzed for the incremental cost analysis. It
includes restoration oflndian Bend Wash and the Salt River both upstream and downstream of Tempe Town
Lake with high water use vegetation. Alternative T5 features restoration of20 acres ofmesquite habitat, 20 acres
of cottonwood and willow habitat, 16 acres of wetlands, 50 acres of aquatic strand/scrub habitat, and 34 acres
ofopen edge habitat. The only difference between the Recommended Plan for the Tempe Reach and Alternative
T5 is the restoration ofan additional 10 acres of mesquite habitat along the banks ofthe Salt River upstream and
downstream of Tempe Town Lake. This plan is recommended because it most closely meets the planning
objectives identified for this study, including:

• Restoration of threatened and endangered species habitat
• Restoration of the Study Area to a more natural condition through the installation of plant species that

are native to, and occurred historically, in riparian streams and washes in the region
• Increase recreation opportunities
• Contribute to other qualitative environmental quality objectives
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• Alternative T5 provides 71 OOs. The average annual cost per habitat unit for Alternative T5 is approximately
$11,500. Although this average annual cost is substantially higher than that for Alternatives T3 ($6,700/HU)
and T4 ($9,300/00), Alternative T5 provides nearly 2.5 times the number of total habitat units as Alternative
T3 and about 1.25 times the number of total habitat units as Alternative T4. The Recommended Plan yields 75.5
total OOs, or an additional 4.5 OOs relative to T5, since it includes an additional 10 acres of mesquite habitat.

Note that the OOs described above are based upon maximum habitat values (HVs), i.e., HVs were not allowed
to fluctuate throughout the period ofanalysis to reflect how the various types of habitat mature over time, as well
as how habitat are impacted by flood events. To address this issue, HUs for the Recommended Plan have been
recalculated and expressed in average annual terms (please refer to the Habitat Valuation appendix). Average
annual OOs for the recommended plan total 44.9 (relative to 75.5 HUs using the maximum HVs throughout the
analysis).

Phoenix Reach

As discussed previously, Alternatives P2 and P5 are the most cost effective of the remaining plans under
consideration for the Phoenix Reach. P2 [SRILW] restores the Salt River with low water use vegetation.
Alternative P5 [SR/HW+S] is the most comprehensive alternative and features the establishment of high water
use vegetation along the Salt River, and also includes a perennial stream in the low flow channel. Alternative P5
most closely meets the planning objectives outlined above. However, the additional cost of this alternative is
quite large. Based upon the preliminary cost estimates, Alternative P2 had a total gross investment of about $45
million, relative to about $78 million for Alternative P5. In addition, the O&M costs for Alternative P5 were

• nearly $2.8 million higher.

In consideration of these facts, an additional alternative has been developed. This alternative (the "Proposed
Plan") was developed to minimize water use, as under Alternative P2, while still maintaining some aquatic
strand/wetland type vegetation in the low flow channel. The primary difference is that the stream would not
extend the entire five-mile length of the Phoenix Reach. Rather, there would be three segments ofstream within
the low flow channel totaling about 1.5 miles in length. These stream segments would connect four pond areas,
each approximately 0.25 miles long and with surface areas ranging from two to three acres. These features would
provide considerable habitat within the low flow channel without the significant costs associated with providing
enough water to maintain a perennial stream throughout the entire reach length.

The Proposed Plan also features substantially more acreage of Mesquite habitat on the bench and bank areas
relative to' Alternatives P2 and P5. This additional habitat would be located primarily at the upstream and
downstream ends of the Phoenix Reach, replacing higher water use vegetation types. Impacts associated with
proximity of higher water use habitat to the Phoenix airport at the upstream end and the 19th Avenue landfi II at
the downstream end of the Phoenix Reach necessitated the different habitat mix in these areas.

The following table displays the habitat acreage by type for the Proposed Plan for the Phoenix Reach, as well as
the computed HUs (using maximum HVs).
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Table 16
Phoenix Reach Proposed Plan

Habitat Acreage By Type

Mesquite Cottonwood/ Wetland/ Aquatic Open
Area Willow Marsh Strand Edge

LF Channel 9 51 70

Bench/Bank 110 79 49 57

Overbank 20 20 10

Public
Access/Gateway 50

Total Acres 130 99 58 51 187

HV 0.5 0.7 0.7 0.6 0.3

Total HUs 65 69 41 31 56

Other Total

130

15 310

10 60

50

25 550

0.0

o 262

•

As shown above, the Proposed Plan provides 262 habitat units. This total is approximately 64% greater than
the 160 HUs provided under Alternative P2, and approximately 16% less than the 311 HUs provided under
Alternative P5. These habitat units are based upon maximum HVs (as were the other alternatives). Average
annual habitat units, accounting for fluctuations in habitat quality over the period ofanalysis, total 20 I HUs (see
Habitat Valuation Appendix).

Detailed Cost Estimates

The following presents MCACES-Ievel cost estimates for the Recommended Plan for the Tempe Reach and the
Proposed Plan for the Phoenix Reach. These costs are not directly comparable to the preliminary cost estimates
included in the Incremental Cost Analysis, since they have been refined and include additional items not included
in the preliminary estimates.

Tempe Reach

Table 17 provides a detailed cost estimate for the Recommended Plan for the Tempe Reach.
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Table 17
Detailed Cost Estimate

Tempe Reach Recommended Plan
Mob/Demob & Prep Work

Mesque Bosque/Upland

CottonwoodlWiliows

Wetland Marsh (inc!. Soil Liner)

Water Supply (2.85 MGD)

24"RCP Gravity Drain

Pump & Pipe System

36" Conveyance Pipe Line

Water Distribution/Irrigation System

Operation & Maintenance Roads

Sub-Total

Contingency (20%)

Sub-Total

Planning, Engineering, & Design (PE&D) (7%)

Sub-Total

Supervision & Administration (6.5%)

Total First Cost - Construction (Rounded)

Monitoring Plan (1%)

Adaptive Management (1%)

Real Estate (Including Contingency)

Total First Cost

Interest During Construction (1 Yr Constr. Period)

Gross Investment

Annual Cost (50 Yrs, 7 1/8%)

Associated Non-Federal Annual Costs

Annual OMRR&R (Habitat)

Total OMRR&R

Total Annual Cost

$300,000

$330,000

$255,100

$376,300

$703,000

$118,800

$660,000

$672,300

$480,700

$379,000

$4,275,000

$855,000

$5,130,000

$359,000

$5,489,000

$357,000

$5,846,000

$58,000

$58,000

$5,962,000

$209.000

$6,171,000

$454,000

$154,000

$76,000

$230,000

$684,000

•

Table 17 shows that the total annual cost of the Recommended Plan is approximately $684,000. This plan
produces an estimated 44.9 average annual habitat units. The average annual cost per habitat unit is therefore
approximately $15,200 ($684,000/44.9 HUs).

Phoenix Reach

Table 18 provides a detailed cost estimate for the Proposed Plan for the Phoenix Reach.
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Table 18
Detailed Cost Estimate

Phoenix Reach Proposed Plan
Mob/Demob & Prep Work

Low Flow Channel w/4 Drop Structures

Mesque Bosque/Upland

CottonwoodlWillows

Wetland Marsh (WM)

Design Development Test Habitat

Perennial Stream in Low Flow Channel

Liner (9 acr of Open Water assoc. w/ WM

and 9 acr of Shallow Ponds assoc. w/ LFC)

Collector Levees & Outlets

Water Supply (5.82 MGD)

Well Construction & Piping

Monitoring Wells

Well Control Room

VOC (Environmental) Treatment

Water Distributionllrrigation System

Operation & Maintenance Roads

Sub-Total

Contingency (20%)

Sub-Total

Planning, Engineering, & Design (PE&D) (7%)

Sub-Total

Supervision & Administration (6.5%)

Total First Cost - Construction (Rounded)

Monitoring Plan (1%)

Adaptive Management (1 %)

Real Estate (Including Contingency)

Total First Cost

Interest During Construction (1 Yr Constr. Period)

Gross Investment

Annual Cost (50 Yrs, 7 1/8%)

Associated Non-Federal Annual Cost

Annual OMRR&R

Total OMRR&R

Total Annual Cost

$1,000,000

$23,824,000

$1,430,000

$1,262,700

$694,300

$500,000

$54,000

$365,400

$23,000

$4,560,000

$180,000

$192,500

$8,400,000

$10,933,000

$1 ,000,000

$54,419,000

$10,884,000

$65,303,000

$4,571,000

$69,874,000

$4,542,000

$74,416,000

$744,000

$744,000

$3,714,000

$79,618,000

$2,788,000

$82,406,000

$6,066,000

$1,017,000

$774,000

$1,791,000

$7,857,000

•

•

Table 18 shows that the total annual cost of the Proposed Plan is approximately $7,857,000. This plan produces
an estimated 201 average annual habitat units. The average annual cost per habitat unit is therefore
approximately $39,100 ($7,857,000 /201 HUs).
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RECREATION ANALYSIS

Without Project Conditions

As demonstrated earlier in this report, the Phoenix area has experienced rapid population growth. As the Phoenix
MSA population has now expanded to over 2.5 million people, so has the demand for both passive and active
recreation opportunities. Envisioned recreational opportunities coinciding with habitat restoration projects for
the study area consist primarily ofpassive recreation, such as bird watching, walking, jogging, hiking, bike riding,
horse-back riding, picnicking, and other passive uses of open space. Urban fishing was also identified as a
potential recreation opportunity in the study area, contingent upon the availability of a water source with
sufficient water quality.

Existing Recreation Resources in Market Area

Based upon conversations with representatives from the City of Phoenix Parks, Recreation and Library
Department, the Arizona Game and Fish Department and other agencies, the proposed habitat and recreation
features would attract visitors throughout the Phoenix Valley region. The greater Phoenix area does not currently
have any significant riparian habitat areas with supporting recreation facilities. The major existing parks in the
area consist primarily of desert mountain preserves which do not contain the types of habitat which could be
supported in the study area. For purposes of this analysis, the market area will be defined as the greater Phoenix
metropolitan area, which would include Maricopa and Pinal Counties, although it is likely that many visitors
would be drawn from even greater distances.

The following presents the primary recreation areas in the greater Phoenix area. This does not include the area's
numerous golf courses and man-made lakes..

National Trails Systems

• North Mountain Trail: Nine miles oftrails located in Northwest Phoenix.
• South Mountain Trail: Fourteen miles of desert trails in the center of South Mountain Park, providing

for hiking and horseback riding.
Sun Circle Trail: Includes 110 miles of urban to open desert trails forming a loop around the Phoenix
Valley for hiking and bicycling.

• Squaw Peak Trail: 1.2 miles of urban wilderness area.

State Parks

Painted Rocks State Park: 140 acre historical park located IS miles west of Gila Bend.
• Lost Dutchman State Park: 300 acres ofdesert park on the Apache Trail located near the MaricopalPinal

County border. Includes 35 campsites, picnic facilities, and restrooms.

BLM Lands

• •

Greenbelt Resource Conservation Area located south of Buckeye -- includes hunting and hiking.
State Game & Fish Department

Black Canyon Shooting Range: 1,290 acres located 20 miles north of Phoenix.
Base and Meridian: 173 acres of wi Idlife habitat located three miles south of Cashion.
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Gila River Wildlife Area: 6,896 acres ofwildlife habitat extending from Avondale to the Gillespie Dam.
Major Water Bodies

Apache Lake Marina: Located approx. 35 miles east of Phoenix in Maricopa and Gila County.
• Bartlett Lake: Maricopa County (approx. 35 miles northeast of Phoenix)..
• Canyon Lake: Maricopa County (approx. 30 miles east of Phoenix).
• Lake Pleasant: Maricopa and Yavapai County (approx. 25 miles north of Phoenix).
• Saguaro Lake: Maricopa County (approx. 25 miles east of Phoenix)..

Maricopa County

• Estrella Regional Park: 18,000 acres located three miles south of Goodyear.
• Thunderbird Park/Adobe Dam

Cave Buttes Recreation Area

•

Municipal Parks & Other Recreation Areas

Papago Park South Mountain Park
• Case Abbot Recreational Area Phoenix Municipal Stadium
• Phoenix Zoo A.S.U. Sun Devil Stadium
• Phoenix Mountain Preserve Moeur Park
• Tempe Beach Park Playa Margarita
• EI Prado Lindo Park
• Rio Salado Industrial Park Echo Canyon Recreation Area
• Encanto Park Estaban Park •• Hayden Park Green Valley Park
• Nuestro Park Nueve Park
• Harmon Park Barrios Unidos
• Alkire Park University Park
• Canal Park McKellips Lake Park
• Eldorado Park Indian School Park
• . Chapparal Park Vista del Camino Park

South Mountain Park and Papago Park are two of the largest recreation areas listed above which are nearby the
study area. South Mountain Park is located about three miles south ofthe Salt River and extends from about 48th
Street on the east to 43rd Avenue on the west -- a distance ofover 10 miles. The park encompasses about 17,000
acres of desert mountain landscape and is the largest municipal park in the U.S. It is bounded on the north by
Baseline Road and on the south by Chandler Boulevard, and is over three miles wide in some places. It contains
an activity complex, hiking and riding trails (extending over 40 miles), an interpretive center, lookouts, ramadas,
picnic areas and restrooms. Data provided by the City ofPhoenix shows that approximately 2 million people visit
the park each year.

Papago Park is located just north ofthe Salt River in eastern Phoenix and western Tempe. It includes about 1,400
acres bounded on the north by Oak Street, on the south by State Highway 202, on the west by 52nd Street and
on the east by 68th Street. The park includes: rock formations dating back 15 million years, rarnadas, picnic
facilities, three fish ponds stocked with rainbow trout and channel catfish, a baseball stadium, a softball complex,
volleyball courts, a zoo, botanical gardens, a state historical museum, two golfcourses, an archery shooting range,
nature trails and restrooms. Annual visitation at this park has exceeded 2 million the past two years.
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• In addition to South Mountain Park, Phoenix Mountain Preserve is the other major mountain preserve area in
greater Phoenix. Located in the northeastern section of the city, the Phoenix Mountains are a combination of
regional parks and preserves. The regional parks represent the partially developed areas while the preserves
represent the areas which are completely undeveloped except for trails. There are about 1,800 acres of regional
parks embedded within the preserves, including the North Mountain, Squaw Peak, and Shaw Butte recreation
areas. These parks include an extensive trails system, picnic areas and restrooms. North Mountain recreation
area also features basketball and volleyball facilities and a playground. The combined visitation at North
mountain and Squaw Peak Recreation Areas has totaled approximately 1.5 million the past several years.

Existing Recreation Resources in Study Area

Phoenix Portion of Study Area

Recreation along the study area is highly dependent upon the availability of surface water and riparian habitat,
both ofwhich are dependent upon the supply and availability ofground water. In the Phoenix portion ofthe study
area, the Salt River consists primarily ofdry river bottom. As a result, virtually no recreation activity takes place.
The only improved recreation area adjacent to the Salt River is Rio Salado Park, which is located at 12th Street
and Elwood. The park encompasses about 14 acres and contains picnic facilities and racquetball and basketball
courts. Most ofthe users are employees who work at industrial businesses located in the area. According to the
City of Phoenix Parks Department, fewer than 200 people visit the park on a weekly basis (or less than 10,400
annually). There is currently no plans for expansion of the park, and visitation is not expected to increase in the
absence of a Corps project.

The following shows the names and annual visitation for other community parks in the Phoenix area.

• Park Visitation

Hayden Park 121,000

Estaban Park 58,000

EI Prado 61,000

Cesar Chavez 310,000

Encanto NA

Echo Canyon

Tempe Portion of Studv Area

300,000

Features

14 acres, with picnicking, softball, basketball,
playground, restrooms
62 acres, with picnicking, softball, soccer,
volleyball, tennis, playground, restrooms
40 acres, with swimming pool, softball, picnicking,
playground, restrooms
353 acres, with 25 acre lake with fishing/
sailing/canoeing, picnicking, restrooms
63 acres, with fishing lagoon, 18 hole golf course,
club house, swimming pool, racquetball, tennis,
basketball, softball, childrens play area
387 acres, with hiking trails, mountain biking,
horseback riding

•
In the Tempe portion ofthe study area, existing recreation facilities include Indian Bend Park, Tempe Beach Park,
B.B. Moeur Park, the North and South Bank Linear Parks and a wetlands wildlife habitat area.

Tempe Beach Park is a 15 acre park located just south of Rio Salado Parkway on the south side of the Salt River
in Tempe. Features include a swimming pool, a lighted softball field, lighted basketball court, picnic tables,
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grills, playground equipment and restrooms. The park also has a private art center with a gallery and sculpture
garden. The City of Tempe estimates annual visitation at the park at about 29,000.

Indian Bend Park is an eight-acre neighborhood park located along Indian Bend Wash upstream of its confluence
with the Salt River. Features include picnic tables, grills, playgrounds and lighted tennis courts. Annual
visitation is approximately 18,000.

B.B. Moeur Park is located north of the Salt River between Mill Avenue and Curry Road. Formerly a rest area,
this park now contains picnic tables, grills, ramadas, and restrooms. It is approximately ten acres in size.
Visitation is approximately] 8,000 per year.

Linear Parks are located along the Salt River downstream of the confluence between the Salt River and Indian
Bend Wash. The North Bank Linear Park is currently under construction. Picnic ramadas are located near the
ea<;t end ofthe site near Mill Avenue. A concrete bike path meanders through the park above the river levee, tying
in to the existing sidewalk along the east side of Prist Drive. Completion of the east end ofthe park will link to
Indian Bend Park.

The South Bank bike path and lighting were completed in 1996. Shaded grassy parks, desert bike paths,
pedestrian trails, ramadas and recreation areas will eventually line the river's edge. These parks will be adjacent
to Tempe Town Lake, which is currently under construction (see details on Tempe Town Lake in next section).

Phase] ofa 20-acre wetlands wildlife habitat site has been completed and is maintained by volunteers of the Salt
River Project. The site is located south of the Salt River just east of State Route 143. A future Phase 2 will
include an educational ramada, walking paths and signage. The habitat provides refuge for birds, fish and native
plants.

Thirteen acres of mesquite bosque habitat have also been established north of the Salt River between Mill and
College Avenues. Planted in 1993, this site provides a natural preserve for desert wildlife. There is a canal along
the north bank ofthe project area. Trees and vegetation are watered by controlled irrigation lines. Arizona State
University researchers monitor the area for survivability of native plants, and volunteers maintain the park by
pulling out non-native plants. Most ofthe trees are native mesquite. Cottonwoods in the park are now found in
areas near the irrigation lines. This habitat area has limited public access (only about 10 visitors per day).
However, a representative from the City ofTempe indicated that picnic areas, trails and restrooms may be added
at a later time.

Future Recreation Facilities

The City ofTempe has begun construction of its Tempe Rio Salado Project, which will restore a five and one-half
mile stretch ofthe Salt River from an unsightly utility corridor into a linear green belt. Central to this project will
be Tempe Town Lake. The lake will be constructed within the existing Salt River flood control channel (about
850 feet in width), extending from the Salt River's confluence with Indian Bend Wash to approximately two miles
downstream. The river's flood control conveyance capacity will be retained through the use ofa system ofrubber
dams which can be deflated during significant floods. The lake will be initially filled with water purchased from
the Salt River Project. An extensive ground water pump system will capture any water that infiltrates, leaving
only a small amount of make-up water which will be needed to account for evaporation.

The lake will contain about 200 surface acres and 20,000 feet of shoreline and will support paddle-boating,
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canoeing, sailing and fishing. Tempe is hoping to establish the state's largest urban fishing program. Over 1,000
acres of adjacent land has been dedicated for recreational development and open space. Activities will include
picnicking, hiking, bicycling, horseback riding, softballibaseball, volleyball, golfing, water slides and play areas.
An 80,000 square foot ice skating rink is also planned. Other possible recreational uses include soccer and major
sports events, such as marathons.

Significant commercial development, including hotels and resorts, is also expected in the area. The City projects
roughly 7 million square feet of mixed use development will take place over the next 25 to 30 years, representing
about $1.2 billion in expenditures. This development will be supported substantially by the tourism generated
by the project.

In the report, Town Lake Capacity and Needs Study: Rio Salado Project prepared by BRW Inc., Moffatt &
Nichol Engineers (I 996), recreation demand for the proposed activities is shown to greatly exceed the available
supply in the market area. Therefore, in order to determine the financial impact of the project, the focus of the
study was to determine the capacity of the proposed facilities, rather than to project use based upon demand.
Based upon the size and configuration ofthe lake, the report recommended the following facilities: 208 slips for
the rental ofsail and electric boats, 24 slips for water taxis, tour boats and gondolas, two boat ramps which could
launch 150 boats per day, and facilities for 52 paddle boats. In all, the lake capacity would be approximately 505
watercraft, or about 2.5 boats per surface acre oflake. Although projected visitation for the lake and surrounding
recreation facilities was not included in the report, it is obvious that it would be substantial.

Recreation Demand

Many factors contribute to make the proposed riparian habitat area extremely attractive in terms of recreation
potential. They include:

1) Environment: Demand for recreation opportunities must be considered in the context of the
surrounding environment. Although there are many recreation areas in greater Phoenix, there
are currently no significant natural wetlands areas. Most of the existing parks are small
community parks. The larger regional parks are located in desert mountain terrain and not· in
riparian habitat areas. This lack of riparian habitat areas is expected to result in significant
recreation demand at the study area if such habitat is established. As discussed previously,
riparian habitat would also attract wildlife to the area. According to the 1991 National Survey
ofFishing, Hunting and Wildlife-Associated Recreation (Arizona), published by the U.S. Fish
and Wildlife Service, over 1.1 million Arizona residents 16 years and older (or 40 percent ofthe
population) participated in non-consumptive activities where the enjoyment of wildlife was the
primary purpose of the activity. Such activities include observing, feeding and photographing
wildlife. Nearly 3.3 million trips were taken by Arizona residents to participate in non
consumptive activities one mile or greater from their residence.

•

2) Location: In a study conducted for the 1994 Arizona Statewide Comprehensive Outdoor
Recreation Plan (SCORP), over 1,200 respondents were asked what the primary barriers were
to outdoor recreation participation. After lack oftime, the number two and three barriers cited
were: 2) recreation areas are too far away; and 3) don't know where to go. The 1991 Fish and
Wildlife Survey indicated that Arizona residents travel an average distance of nearly 30 miles
to participate in non-consumptive recreation activities. The closest major water bodies to the
city of Phoenix are located approximately 25 miles away. These barriers would not be
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associated with recreation at the study area.

The study area is located in the middle ofthe Phoenix metropolitan area, which has a population
exceeding 2.5 million. Portions of the study area are located within minutes of downtown
Phoenix and Tempe, and are thus easily and quickly accessible to the public. In addition, a
major freeway (Interstate 10) and several major bridges cross the Salt River. This provides the
area with tremendous exposure, and would likely attract many who would otherwise not frequent
such a park.

Family and lifestyle changes also contribute to high demand for more local recreation facilities.
As described in the Town Lake Capacity and Needs Study: Rio Salado Project (BRW Moffatt
& Nichol Engineers, 1996), "More single-parent families, more families where both spouses
work full-time, moderate growth in income and less time for leisure time activities alJ contribute
to heavy pressure on local park and recreation facilities. People are looking for park and
recreation facilities which are close, offer a variety ofwater-based and land-based activities and
are in an attractive setting."

•

3) Attitudes: Arizonans place high importance on the state's outdoor recreation resources. In the
1994 SCORP survey, 94 percent of respondents stated that parks and recreation areas are
important to their everyday lifestyles. There is also strong support for protecting natural and
cultural resources and for environmental education. Arizonans care deeply about the state's air,
water and riparian areas. Seventy-five percent (75%) favor preserving rivers and stream-side
habitats, even if it means limiting some uses of privately owned lands. A separate study
conducted by the Arizona Game & Fish Heritage Fund (Attitudes Toward Urban Wildlife
Management, Volume 1, May 1995) supports these statistics. A state-wide survey was
conducted of 1,200 residents. In the Heritage Fund survey, 89 percent ofrespondents stated that
the continued presence of wildlife in their town is important to them. The importance placed
on protecting water-based habitat and recreation areas can be attributed to the limited amount
of surface water available. Arizona has approximately 113,642 square miles of land surface,
but only about 360 square miles are water-covered.

•
4) Activities: Proposed recreational activities for the study area include trails for hiking, biking,

jogging, and horseback riding, birdwatching, picnicking, and potentially urban fishing. In
addition, interpretive centers and look-out points could be established along the banks of the
river at key scenic vantage points. In a ranking of overall demand for outdoor activities in the
recent SCORP, visiting outstanding scenic areas was ranked first, picnicking ranked fourth, and
walking ranked fifth. Other envisioned recreation features for the study area were ranked as
follows: day trail hiking (10); bicycling (14); horseback riding (18); mountain biking in a
natural setting (26); nature study/birdwatching (27); urban fishing (29); and jogging/running
(36). Among those activities identified as having the greatest latent or unmet demand,
picnicking, visiting outstanding scenic areas, walking, trail hiking, horseback riding and
bicycling all ranked in the top fifteen. In terms of public funding priorities, visiting outstanding
scenic areas, picnicking, trail hiking, and walking all ranked in the top ten.

5) Population Growth: As demonstrated earlier in this report, the greater Phoenix area has
experienced tremendous growth. For example, Maricopa County's population has grown from
2.12 million to 2.43 milJion between 1990 and 1995 (or by nearly 15 percent), and is expected
to reach 2.7 million by the year 2000. Arizona state population is projected to climb from its
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current level ofabout 4.2 million to 5.7 million over the next 25 years, representing a 35 percent
increase. With this projected growth, there will be increasing demand for outdoor recreation
opportunities. As quoted in the 1994 SCORP report (p. 68),

"This large and rapidly growing population in our two metropolitan counties has several
implications for outdoor recreation. Most obvious, local providers are hard-pressed to keep
up with demand for facilities and services. As development continues to expand, providing
and protecting open space becomes and important issue. Increasingly, city dwellers mention
a major barrier to participation that recreation providers must address: outdoor recreation
areas are too far away. "

6) Education: The establishment ofriparian habitat would attract diverse wildlife to the study area.
Elementary and high schools would frequent the area for class field trips, and colleges could
utilize the area for environmental-related research.

According to the article, "Assessing Recreation Demand", posted on the U.S. Department of Transportation
Statistics' Internet site, the use of population based standards represents one ofthe most widely used methods
for assessing community demand and need for open space and recreation. This is attributed to the fact that they
are easily understood and administratively convenient. Such standards are considered most useful as a means
for generating alternatives for consideration and as a means for supporting participation data. The City of
Phoenix Parks and Recreation Long Range Plan (1988) describes national standards which have been
established for various types of recreation. These standards indicate desired and ideal service levels on a per
capita basis. The desired level is the low national standard, as set by the National Recreation and Parks
Association (NRPA). The ideal level is the high national standard, which is also established by the NRPA. These
standards can be applied to population statistics to determine whether the service area is lacking in recreation
resources, based upon national standards. The following table summarizes some ofthe data included in the Long
Range Plan.

Facility

Close to Home Parks
Hiking Trails
Equestrian Trails
Bike Trails

* City ofPhoenix Only

Current Svc. Level*

2.7 Acres/l,OOO
1 mile/IO,OOO
1 mile/l 0,000
1 mile/9,500

Desired Level

6.25 acres/l,OOO
1 mile/8,000
1 mile/8,000
1 mile/2,000

Ideal Level

lO.5 acres/l ,000
1 mile/4,000
1 mile/6,250
I mile/I,200

•

As the above data indicates, the Phoenix area lacks sufficient recreation resources. Unless a significant number
of recreation facilities are built, the projected population growth will make the existing deficit become worse.

With Project Conditions

Overview of Methodology

National Economic Development benefits arising from recreation opportunities created by a project are measured
in terms ofaggregate willingness to pay. Corps Principles and Guidelines describes three techniques which have
been developed to estimate recreation demand and value. They include: 1) the Travel Cost Method; 2) the
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Contingent Value Method; and 3) the Unit Day Method. The Unit Day method was the method chosen for this
analysis.

The Unit Day method does not attempt to account for the impact of price on visitation to a recreation site.
Instead, an assigned user day value is applied to the total number of estimated visitors. User day values are
simulated market values judgementally derived from a range of values agreed to by Federal water resource
agencies. It is intended to represent the users average willingness to pay for a day ofrecreation activity at the site.
When a properly formulated unit day value is applied to estimated use, an approximation of the area under the
site demand curve is obtained, which is used in estimating recreation benefits.

A national schedule is available showing a range of values for both specialized and general recreation
opportunities. A point rating system can be used to select a specific value from the published schedule of value
ranges. Once alternatives have been formulated and recreation and environmental components identified and
described, then unit day values can be selected with the input of Corps and local government agencies. These
values are then applied to projected visitation.

There are several techniques available for projecting visitation. These include regional and site-specific use
estimating models, the similar project method, and the capacity method. Since it has been established that there
is substantial unmet demand for recreation in the market area, the method which will be utilized to estimate
visitation is the capacity method. The capacity method involves the estimation of annual recreation use based
on instantaneous resource or facility capacities and expected daily, weekly and seasonal use patterns. As
specified in National Economic Development Procedures Manual- Recreation (lWR Report 86-R-4, p. 13-14),
"Because the capacity method does not involve the estimation ofsite-specific demand, its use is valid only when
it has been otherwise determined that sufficient need exists in the market area of the proposed project to
accommodate the project's calculated capacity...The capacity method has its greatest potential for use in urban
settings when it is immediately obvious that sufficient need exists for the opportunities that the proposed project
could provide."

Unit day values will be calculated by assigning points to each activity (based upon Federal guidelines) and then
converting total points to dollar recreation values (per the FY 1998 ER 1105-2- I00 conversion table). Point
values are derived by ranking the potential recreation resource according to five different criteria:

•

•
Recreation Experience
Availability of Opportunity
Carrying Capacity
Accessibility
Environmental

Total

Key Variables

Number & type of activities
# of similar opportunities nearby
Adequacy offacilities for activities
Ease of access to and within site
Esthetic quality of site

Range of Point Values

0-30
0-18
0-14
0-18
0-20

0-100

Based upon the total number ofpoints assigned, UDV's (1998) can range from $2.57 to $7.71 per recreation day.
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Tempe Recreation Plan

Recreation Project Features

The City ofTempe has developed a Recreation Plan for the Tempe Reach. A copy of the analysis conducted by
the City is included in the Recreation Appendix of the Feasibility Report. Please refer to this document for a
detailed description of the proposed recreation plan.

The proposed restoration for the Tempe Reach will provide a unique opportunity for recreation and environmental
education. Upstream ofTown Lake, recreation components will be added to both Indian Bend Wash and the Salt
River. Along Indian Bend Wash, no recreation features will be included in the low flow channel area north of
Curry Road. South ofCurry Road, proposed recreation elements include multi-use trails with wayfinding signage,
ramadas, interpretive/environmental education features, a comfort station, picnic tables, grassed open space, and
a small parking lot. Maintenance paths, necessary for the restoration project, will also serve as the recreation
trails. These trails will allow exploration of the proposed environmental restoration features. Environmental
education features will include interpretive information and displays about the benefits ofrecreation development
in the reach, the relationship of the Tempe IBW to recreation development within the City of Scottsdale,
restoration activities associated with the Tempe IBW reach and the purpose and techniques for control of storm
flows in the Tempe IBW.

Upstream and downstream of Town Lake along the Salt River, recreation elements will include dual-purpose
maintenance/recreation trails, signage and ramadas. Trails located along the south bank levee will provide
opportunities for scenic viewing ofthe downstream restoration area and passive activities such as picnicking and
bird watching.

Projected Visitation

Visitation to the Tempe recreation areas is expected to be derived from: I) those living in the market area and
driving to the site; 2) local residents within walking distance; and 3) those staying at nearby hotels and conference
centers.

Visitation at the resource for those driving to the site will be limited based upon the available parking in the area.
Tempe has estimated that at least 425 parking spaces which are located within walking distance of the proposed
recreation sites would be available for recreation use on peak days. Visitation data maintained by the City for
other recreation sites indicates an average number ofvisitors per vehicle of3.0. Thus, the instantaneous resource
capacity is estimated at 1,275 visitors. With a daily turnover rate of 3 times per parking space, total daily
capacity equals 3,825 visitors.

Annual visitation for those driving to the resource has been estimated for both winter (October - May) and
summer (June - September) seasons. In addition, visitation has also been broken down by prime time (weekends
and holidays) and non-prime time (weekdays). The following summarizes the results:
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Winter Peak Days
Winter Non-Prime Time
June/September
July/August
Summer (due to weather)

64 days
160 days
60 days
61 days
20 days

244,800 visitors
153,000 visitors
34,400 visitors
11,700 visitors

__----"<.0 visitors

(at 100% capacity)
(at 25% capacity)
(at 15% capacity)
(at 5% capacity)
(at 0% of capacity)

•
Total 443,900 visitors (annual)

An additional 150,900 annual visits are projected from businesses, residences, and Arizona State University
which are located within walking distance of the site. Total vehicular and non-vehicular visitation is therefore
estimated at 594,800, annually.

Significant hotel and conference center development has and will continue to take place in the Town Lake area.
This will provide an additional visitation source. These users are predominantly travelers and are addressed
separately from the local MSA population. Tempe's analysis indicates that approximately 273,800 visits can
be expected annually from these travelers.

Total visitation, including those from vehicular, non-vehicular, and hotel sources, is estimated at 868,600,
annually.

Transfers are expected to be minimal due to the unique recreation opportunities and setting offered at the
restoration site. The City expects the primary transfers to be in the categories of education field trips, bird
watchers, passive nature watchers, canal joggers and recreational cyclists. Tempe's analysis estimated annual
transfers at 65,000. Excluding transfers, annual visitation is estimated at 803,600.

The Phoenix MSA and Tempe have experienced annual compound population growth rates of 0.4% and 2.7%,
respectively. Due to resource capacity, availability of local parking, etc., visitation is expected to grow at a
conservative 0.4% annual rate. This growth will be experienced primarily during non-peak days and summer
months. Utilizing this growth rate, visitation (excluding transfers) is projected to reach about 977,200 by the end
of the project life.

Recreation Value

A panel ofCity ofTempe recreation experts reviewed the recreation plan in light of its location within the planned
environmental restoration study area and derived the following point values for the Unit Day Value analysis:

•
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Table 6-28 of ER 1105-2-100 provides ranges for point value to dollar value conversion. The dollar value
corresponding with a point value of 89 is approximately $7.34. This point value was applied to visitation

Criteria

Recreation Experience
Availability of Opportunity
Carrying Capacity
Accessibility
Environmental

Total

Range of Point Values

0-30
0-18
0-14
0-18
0-20

0-100

Assigned Value

27
14
13
18
17

89

•
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projections to derive the net present value and annual value of the recreation resource. The resulting annual
recreation value totals $6,204,000 (rounded).

Phoenix Recreation Plan

Recreation Project Features

The City of Phoenix has developed a preliminary Recreation Plan for the Phoenix Reach. A copy ofthe analysis
conducted by the City is included in the Recreation Appendix of the Feasibility Report. Please refer to this
document for a detailed description of the proposed recreation plan. The plan's goal is to provide opportunities
for visitors of all ages from varied backgrounds to enjoy the environmental resource created for the Phoenix
Reach while developing an awareness, knowledge and understanding of desert riparian habitats and its
interrelatedness to the environment as a whole. Major project features include three parking lots, information
kiosks, a visitor center, overlooks, shade structures, bridges, trails, a staging area, signage and landscaping.

Recreation activities provided by the plan include: walking, hiking, biking, horseback riding, roller blading,
picnicking, birding and possibly urban fishing. Scenic overlooks will be included for the enjoyment of the
restored desert riparian habitat. Information kiosks and the visitor center will provide education on the resource,
including restoration ofthe habitat, the hydro cycle, a historical perspective of the Salt River, and flora and fauna
within the project area.

Projected Visitation

Visitation at the resource will be limited based upon the available parking in the area. Phoenix's design includes
three parking lots with a total of250 spaces. Visitation data maintained by the City for other recreation sites
indicates an average number qfvisitors per vehicle of2.75. In addition, it is estimated that 0.25 visitors arrive
to the site by an alternative mode oftransportation, e.g., bicycle, foot traffic and public transportation. Thus, the
instantaneous resource capacity is estimated at 750 visitors.

Annual visitation has been estimated for both winter (October - May) and summer (June - September) seasons.
In addition, visitation has also been broken down by prime time (weekends and holidays) and non-prime time
(weekdays). The following summarizes the results:

Winter Prime Time
Winter Non-Prime Time
Summer Prime Time
Summer Non-Prime Time

Total

70 days
170 days
28 days
92 days

157,500 visitors
255,000 visitors

42,000 visitors
69.000 visitors

523,500 visitors (annual)

•

Transfers are expected to be minimal due to the unique recreation opportunities and setting offered at the
restoration site. The City expects the primary transfers to be in the categories of education field trips, bird
watchers, passive nature watchers, canal joggers and recreational cyclists. Annual transfers were estimated at
12,500. Excluding transfers, annual visitation is estimated at 511,000.

Visitation is assumed to be at capacity during winter prime time. However, increases in summer and non-prime
time use are expected to result in an overall increase in visitation of 100,000 over the next 20 years. This
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represents an average annual compound growth rate of less than one percent. Visitation for project years 21-50
is projected to grow by an average annual compound growth rate of 0.5 percent. Utilizing these growth rates,
visitation (excluding transfers) is projected to reach about 706,100 by the end of the project life.

Recreation Value

A panel of Phoenix Parks, Recreation and Library department personnel including Park Managers, Recreation
Supervisors, Recreation Coordinators, and Landscape Architects reviewed the recreation plan in light of its
10 ation within the planned environmental restoration study area and derived the following point values for the
Unit Day Value analysis:

•

Recreation experience was rated very high, although most recreation activities could be described as general
recreation. This is because of the context within which the recreation takes place. There are not any recreation
sites in the market area located in a riparian and wetland environmental setting. This enhances the value ofthese
activities. In addition, non-general recreation and education opportunities are provided, such as interpretive areas
and scenic overlooks, birding, etc. The project will be designed to maximize recreational values in the other
categories to the extent possible. Please refer to the City's recreation analysis for additional details.

Criteria

Recreation Experience
Availability of Opportunity
Carrying Capacity
Accessibility
Environmental

Total

Range of Point Values

0-30
0-18
0-14
0-18
0-20

0-100

Assigned Value

25
16
11
18
17

87

•
Table 6-28 of ER 1105-2-100 provides ranges for point value to dollar value conversion. The dollar value
corresponding with a point value of 87 is approximately $7.25. This point value was applied to visitation
projections to derive the net present value and annual value of the recreation resource. The resulting annual
recreation value totals $4,117,000 (rounded).

The cities of Phoenix and Tempe have prepared cost estimates for their respective recreation plans (see table
which follows).
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• Table 19
Recreation Analysis

Estimated Costs

Tempe Reach Phoenix Reach Total

First Cost* $686,000 $4,887,000 $5,573,000

Interest During Construction** $24,000 $171,000 $195,000

Gross Investment $710,000 $5,058,000 $5,768,000

Annual Cost (7 1/8%, 50 yrs) $51,600 $372,300 $423,900

O&M*** $147,400 $1,050,000 $1,]97,400

Total Annual Cost $199,000 $1,422,300 $1,621,300

* including Contingency, PE&D, & S&A
** One year construction period assumed

*** Tempe O&M cost estimate based upon Phoenix O&MlTotal First Cost percentage

•

Corps guidance (PGL No. 36) specifies that the level of financial participation in recreation development by the
Corps at an otherwise justifiable project may not increase the Federal cost ofthe project by more than ten percent.
The total first cost for the recommended restoration project for Tempe is about $5.962 million. This cost would
be cost shared on a 65%/35% basis between the Corps and the local sponsor. Hence, the Corps' share of the
restoration project cost totals about $3,875,300. Recreation costs are cost shared on a 50%/50% basis between
the Corps and the local sponsor. Fifty percent of the first cost of the Tempe recreation plan is $343,000, which
would only increase the level of Federal financial participation by about 8.9%.

The total first cost for the recommended restoration project for the Phoenix Reach is about $79.618 million. This
cost would be cost shared on a 65%/35% basis between the Corps and the local sponsor. Hence, the Corps' share
of the restoration project cost totals about $51.752 million. Fifty percent of the first cost of the Phoenix
recreation plan is $2,443,500, which would only increase the level of Federal financial participation by about
4.7%. This analysis indicates that the recreation plans for both Tempe and Phoenix comply with PGL No. 36
cost limitations.

Benefit/Cost Analvsis

Table 20 displays the benefit/cost analysis for the Tempe and Phoenix Reaches.

Table 20
Recreation Analysis

Benefit/Cost Analysis

•
Annual Benefit

Annual Cost

Net Benefits

BIC Ratio

Tempe Reach Phoenix Reach

$6,204,000 $4,117,000

$199,000 $1,422,300

$6,005,000 $2,694,700

31.18 2.89

39

Total

$10,32 I ,000

$1,621,300

$8,699,700
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ADDENDUM

PURPOSE

This addendum presents a summary of some of the currently utilized analytical methods to quantify
environmental outputs in monetary terms. In addition, some of the implementation difficulties
associated with these methods are discussed. A list of references follows.

BACKGROUND

Through Reconnaissance and Feasibility Studies, the U.S. Army Corps of Engineers ("Corps")
devotes considerable time and effort to determine whether to expend federal dollars on water
resources projects. The primary methodology utilized in these studies to determine whether or not

a project is "justified" is through a comparison of the quantified monetary benefits of the proposed
project relative to its costs.

The Corps has developed techniques to quantify many types of benefits realized from water resources
projects. For example, flood control project benefits can be quantified as the difference between
inundation damages to structures within the floodplain under with and without project conditions.
Additional methods are available to quantify benefits resulting from navigation, shore protection,
hydroelectric power, water supply and recreational projects or project components. However,
although many Corps projects provide significant environmental enhancement benefits, there are no
currently established Corps guidelines on how to monetize such benefits.

Increasing importance is being placed upon the restoration, preservation and enhancement of the
nation's environment. The Corps is an active participant in this endeavor, with an increasing number
ofprojects in which environmental enhancement is either the primary purpose or a key component.
Corps economic analysis ofenvironmental enhancement projects currently consists ofcomparing the
project's benefits in such non-monetary terms as increases in "habitat units" to the costs ofproviding
the given level of benefits. However, since environmental outputs are not quantified in monetary
terms, a direct dollar comparison between costs and benefits is not possible. For example, there is
no way to determine the project alternative which has the highest level of net benefits or which has
the highest benefit/cost ratio.

In the absence of such guidelines, the Corps focus has been on providing an "incremental cost
analysis". In such analyses, the marginal cost of providing additional environmental outputs is
determined. All combinations of alternatives are analyzed to determine the least costly way to
provide a spectrum of environmental outputs. This provides a useful tool for determining those
projects or project components which are cost efficient. However, it does not indicate which
alternative provides the greatest National Economic Development benefits.
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THE PROBLEM

Considerable efforts have been made by various government agencies and academic institutions to
develop methods to monetize benefits associated with increasing environmental outputs. However,
there are several key difficulties which must be overcome. Economic and Environmental
Considerations for Incremental Cost Analysis in Mitigation Planning, published by the U.S. Army
Corps of Engineers' Water Resources Support Center (March 1991) summarizes some of these
problems:

Economic values include commercial, recreational, option, existence and bequest
values, ofwhich only a part can be satisfactorily described in monetary terms and
even less is valued in an operating market. The much larger set includes non-market
values, such as: (1) option value, which refers to an individual's willingness to pay
to maintain habitat, such as wildlife recreation opportunities, (2) existence value,
which refers to the economic benefitfrom knowing that natural resources exist, and
(3) bequest value, which is the willingness to pay for preserving natural and unique
resources for future generations· ... The difference between market and non-market
values is a source ofconfusion for some individuals, especially for managers who
trade resources in the market place, such as coal and lumber. In addition, others
doubt that economic values such as option, existence and bequest can be accurately
measured. (p. 8)

The net benefit optimization problem clearly cannot be solved ifthe benefits cannot
be estimated. (The difficulties attendant to optimizing the level ofmitigation become
rather obvious when the functions and arguments of in a benefit relationship are
considered. First, the values ofmitigation outputs are normally non-market goods
that cannot be easily estimated. In addition to measurement problems, there are
conceptual difficulties as well. Recent work in the area ofnon-market valuation of
environmental resources indicate that value may include option, existence and
bequest values as well as value in use. Theory and estimation techniques are still
developing in these areas. Second, as noted above, the quantification ofthe outputs
is currently an extremely ticklish problem. It is even more difficult to link these
outputs convincingly to the input factors, X; that planners can control. Even ifthese
difficulties can be overcome estimating the costs, R, of some of the input factors
remains a formidable problem). Thus though economic efficiency theory clearly
applies to determining the appropriate andjustified level ofmitigation, it cannot yet
be routinely used. As a result, there is no objective way to determine the optimum
level ofmitigation. (p. J5)
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OVERVIEW OF METHODOLOGIES

Various monetary valuation techniques for environmental resources have been developed. These
techniques can be categorized as follows: 1) market techniques; 2) surrogate market techniques; and
3) non-market techniques. The following overview of these techniques was obtained from IWR
Report 95-R-2, Review ofMonetary and Nonmonetary Valuation ofEnvironmental Investments
(February 1995).

Market Based Techniques

Changes in Factors ofProduction. The monetary value ofenvironmental resources which have value
as inputs in a productive process can be easily calculated. This technique is limited to those resources
that can be used as inputs, and the inferred value of that resource may understate its true worth to
society. An example of such a situation might be the change in water treatment costs associated with

a manufacturing process that requires clean water as an input.

Weak Complementary Goods. If the enjoyment of consuming a market-measurable service is
enhanced by a non-market environmental service, the demand for the market service should increase
with an increase in. the complementary environmental service. When the enjoyment of the
environmental service requires purchase of this market good or if the service can be considered as
a characteristic ofa market good, it is possible to measure the value ofa change in the environmental
service that is based on the demand for the market good.

Defensive Expenditures. Defensive expenditures are made either to prevent or counteract the adverse
effects ofpollution. In effect, it is spending on a good that is a substitute for increased environmental
outputs. Conversely, an increase in the environmental outputs should reduce defensive expenditure.
The marginal change in defensive expenditures represents a willingness to pay for the incremental
change in the environmental outputs.

Next Best Alternatives. When environmental resources have private goods that are viable substitutes,
the value of these resources can be inferred from the market value of the substitute. Two
shortcomings of this market-based technique are that few environmental resources have such
substitutes, and a market value may not reflect the true value to society.

Surrogate-Market Techniques

Travel Cost Method. The travel cost method is a well established technique for valuing the recreation
value ofenvironmental resources. The travel cost in time and money is considered representative of
the willingness of the user to pay for access to that resource. The limitation of these surrogate
market techniques are that it only gauges the recreational value and does not consider other values
of environmental resources to society, nor does it allow for nonuse valuation.

Hedonic Prices. The concept of hedonic prices is that the prices and quantities of private goods
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purchased in the marketplace often reflect the value of associated public goods. Hedonic prices have •
been developed for environmental resources through property prices, travel costs and wages.
However, the challenge for valuation of environmental resources is the inability of consumers to
select their most preferred bundle of characteristics of the specific private goods.

Non-market Techniques

Contingent Valuation Method. The contingent valuation method is the most accepted non-market
monetary valuation technique. It is based on a survey of individuals to directly build a demand curve
for the subject good or service and discern the value ofthe service based upon the public's willingness
to pay. In this method, individuals are asked directly what they would be willing to pay for a change
in environmental resources. The answers are hypothetical in the sense that the response does not
result in an actual payment being made. The primary difficulty with this approach is ensuring that
there are not any biases which cause individuals to overstate or understate their true preferences.
Since there is no actual market, there is no way to verifY the correctness of the responses. However,
despite its limitations, the contingent valuation method is the only monetary valuation method
available for estimating non-use values such as option values and existence values.

Additional discussion regarding the above techniques, as well as other environmental resource
valuation issues, can be found in numerous publications. A list of some of these references follows .

ENVIRONMENTAL BENEFIT EVALUATION REFERENCES

Boyle, K., W. Desvousges, F.R. Johnson, R. Dunford, and S.P. Hudson. (1994). "Using
Contingent Valuation for Natural Resource Damage Assessments: An Experimental
Evaluation of Accuracy." Journal of Environmental Economics and Management.

Costansza, R., S.C. Farber, and R.J. Maxwell. (1989). "Valuation and Management of Wetland
Ecosystems." Ecological Economics.

Cummings, RG. and G.W. Harrison. (1992). Identifying and measuring Non-use Values for
Natural and Environmental Resources: A Critical Review of the State of the Art.
Unpublished technical report.

Cummings, R.G. and G. W. Harrison. (1995). "The Measurement and Decomposition of
Nonuse Values: A Critical Review". Environmental and Resource Economics.

Diamond, P.A., and J.A. Hausman. (1993). "On Contingent Valuation Measurement of Non-use
Values." In J. Hausman (Ed.), Contingent Valuation: A Critical Assessment. North
Holland: Amsterdam.
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Diamond, P. And J. Hausman. (1994). "Contingent Valuation: Is Some Number Better Than No
Number?" Journal of Economic Perspectives.

Dixon, J.A and M.M. Hufschmidt. (1986). Economic Valuation Techniques for the
Environment. A Case Study Workbook. Johns Hopkins Press. Baltimore.

Dorfman, R. And N.S. Dorfman. (1972). Economics of the Environment. W.W. Norton &
Company, Inc. New York.

Farber, S.C. and R. Costanza. (1987). "The Economic Value of Wetlands Systems." Journal of
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Resources. Planning and Management Consultants, Ltd. Institute for Water Resources.
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for the Future. Washington, D.C.
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Rio Salado Project

INTRODUCTION AND PURPOSE

•

•

The purpose of this Appendix is to provide information supporting
the plan recommended in the Main Report and the Environment2l
Impact statement for the Rio Salado Feasibility Study.

The Corps' guidance for ecosystem restoration in the civil Works
Program is provided in Engineer Circular (EC) 1005-2-210. The
purpose of the guidance is to assure that civil work investments
in ecosystem restoration have the intended beneficial effects,
are consistent with Administration policy, and will be conducted
in the most cost effective manner.

This guidance (EC 1105-2-210:13.b. (1) and (20)) requires that the
ecosystem outputs of proposed alternatives of a feasibility study
be sUbjected to a detailed cost effectiveness and incremental
cost analysis. The primary purpose being to allow explicit
comparison of the additional cost and additional outputs
associated with the alternatives. To perform this type of
analysis, it is necessary that the environmental outputs be based
on some quantifiable unit (e.g., Habitat units, fisherman-days,
visitor use days). This allows determination of the most cost
effective restoration option or combination of options that best
meet the restoration goals.

The following analysis uses a habitat-based method to
quantitatively characterize biological values of fish and
wildlife habitat in the study area.

11.- EXISTING ENVIRONMENTAL DEGRADATION AND RESTORATION
OPPORTUNITIES

A. Habitat degradation.

Destruction of riparian habitat in the southwest has been widely
reported (see Bahre 1991; Busch and smith 1995; Rea 1983). A
historical perspective of the Salt River appears in Haughley
(1994) and Ohmart (1979). These reports and studies are
incorporated by reference as per 40 CFR 1502.21.

Dam construction throughout the Salt River's upper watershed in
the early 1900's changed the original character of the river and
by the 1940's the river ceased to flow. The Salt River in the
Feasibility Study Area (i.e., in the urbanized areas of Tempe and
Phoenix) is essentially an expansive dry river bed dominated by
large expanses of cobble and rubble and devoid of riparian
vegetation.

Recent channelization projects by the Arizona Department of



Transportation and the new Priest Drive bridge constructed by
Maricopa County have physically altered the natural character of •
the western portion of the river.

B. Restoration goals. As stated in the "Planning
Objectives" of the Plan Formulation of this study, one objective
is to restore the study area to a more natural condition by
supplying water to the channel and revegetating with native plant
species. As such, the HEP team (see section III, below) reached
a consensus that the goal of this restoration effort should be
to restore the channel to conditions that are as close to natural
as possible. It was agreed that a natural channel would meander
and naturally be dominated with freshwater aquatic strand-type
vegetation (see Minckley and Brown [1982:265J). The first
terrace or bench (i.e., the immediate floodplain) would naturally
be dominated by willows and cottonwoods; the upper terraces or
"secondary" floodplain is, under natural conditions, dominated by
the mesquite "bosque" (or woodland) (see Minckley and Brown
[1982:249 and 269]).

III. EVALUATION METHOD .. USED

A. Background. A reconnaissance field survey was
conducted for the Reconnaissance Study to determine habitat
values of existing riparian vegetation in the Rio Salado area
(see USACE 1995: Appendix A, pg. 53). A total of 29 existing •
riparian sites along the Salt River were visited and evaluated
using a modified Habitat Evaluations Procedure (HEP) (hereafter
called a HEP-like analysis). This analysis was conducted to
quantitatively assess the value of existing habitat and the
potential value of restored habitat (i.e., under future with
Project Conditions) on the Salt River.

(Note that HEP is a habitat-based evaluation procedure; it is
used to give a quantitative, numerical value to biological
resources of concern. HEP, developed by the USFWS [USFWS 1980J,
is a formal process whereby tested habitat suitability models for
certain species are used which directs the measurement of certain
habitat variables for the selected species (e.g., percent of
canopy cover, number of snag trees, stream temperature, percent
ground cover, etc ... ) to obtain a Habitat Suitability Index
(HSI). This is then used to obtain a numerical rating of habitat
units for the selected species.)

In the Reconnaissance study (as well as in this evaluation), a
numerical rating or value between 0.0 and 1.0 was assigned to the
habitat as its value (i.e., Habitat Value [HVJ). The HV was then
mUltiplied by the area of the habitat to obtain the Habitat Units
(HUs) for each habitat type.

For the Reconnaissance Study an average habitat value was
determined for each of the 29 existing riparian sites by •
averaging rating criteria that were agreed on by a consensus of
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•

HEP team members (see USACE 1995; Appendix A, pgs. 55-57).

(Note that the values generated for the rating criteria were
based on actual field-collected data at existing riparian sites
on the Salt River. Rating criteria used were: the presence of
threatened or endangered species, presence of permanent water,
the amount of existing disturbance and a determination of the
"Anderson-Ohmart" value [cf. Anderson and Ohmart 1993] [also see
USACE 1995, Appendix A:55].)

A future with-project condition evaluation was also conducted for
the Reconnaissance Study (see USACE 1995, Appendix A: 65). This
analysis predicted what habitat units might be achieved through
environmental restoration.

B. Habitat Evaluation.

The habitat evaluation used in the Reconnaissance study formed
the basis for the habitat valuation for this Feasibility study.
Personnel from USFWS and Arizona Game and Fish Department (AG&FD)
who were involved in the Reconnaissance Study HEP-like analysis
provided input into the determination of habitat value for the
HEP-like analysis for this Feasibility study.

Since there is essentially no existing habitat (or habitat value)
in the Feasibility Study Area (i.e., no habitat value for without
project conditions), the HEP-like analysis for this Feasibility
Study was essentially a future with-project analysis (i.e., a
projection of what the value of new, restored habitats might be) .

Habitat Values for each habitat type under the various proposed
restoration alternatives were determined primarily by a consensus
of the best professional jUdgement of resource agency biologist
that performed the HEP-like analysis for the Reconnaissance
study. The team's collective background knowledge of existing
riparian habitat on the Salt River and their participation in the
Reconnaissance Study HEP-like evaluation (which determined a
value of existing Salt River riparian habitat) allowed for an
objective projection of the potential habitat value of
restoration alternatives.

(It should be noted that the consensus determination of Habitat
Values for the habitat types were largely influenced by the
amount of water available under the various alternatives for
native vegetation and the proximity of the habitat to areas of
human disturbance.)

The Average Annual Habitat units (AAHUs)for habitat expected to
be restored under the Proposed Action and restoration
alternatives are presented in the Appendices of this analysis
(see Tables 1-41 in Appendix A, B, and C and sumarized values in
Table 32). Habitat values projected for the proposed action and
alternatives are consistent with values estimated in the



Reconnaissance study (see USACE 1995, Appendix A:65-68).

Note that the AAHUs over the 50 year life of the project were
calculated as described in USFWS (1980:A-5-1) and stiehl (1993:
Chapter 3) using HEP's "Form C". Table 43 displays Habitat units
with the habitat value "straight lined", that is, not annualized
over time as average annual units.

IV. RESTORATION ALTERNATIVES

section 2 of the Draft EIS provides a detailed description of the
Proposed Action and proposed restoration alternatives being
considered. As mentioned in section 2, restoration involve the
"Phoenix Reach" and the "Tempe Reach" (see Section 2.1.1 for
detailed descriptions; also see Table 43 of this Appendix) .

Alternatives to the Proposed Action includes 4 alternatives for
the "Phoenix Reach" and 4 alternatives for the "Tempe Reach" (see
section 2.3 and 2.4 of the DEIS; also Table 43 of this Appendix).

V. HABITAT VALUE COMPARISON OF RESTORATION ALTERNATIVES

Table 42 summarized the Average Annual Habitat Units determined
for the Proposed Action and each alternative for the Phoenix and
Tempe reaches.

Phoenix Reach Alternatives. A simple comparison of the total
Average Annual Habitat units (AAHUs) associated with alternatives
shows that the most AAHUs are derived from the alternative that
provides for the most water and most acreage devoted to wildlife
habitat. As would be expected, the alternative that provides for
a 5-mile perennial stream, more wetland associated plants, and
vegetating existing gravel pits in the study area yields the most
AAHUs. As would be expected, the low water alternative has the
least AAHUs.

Tempe Reach Alternatives. As would be expected, the same
relationship exist for the Tempe Reach. The alternative that
provides for the most available water and most acreage for
restoration yields the highest AAHUs.

VI. RECOMMENDED RESTORATION PLAN

•

•

Under the recommended plan (Proposed Action) a total of 201.1
AAHUs are expected in the Phoenix Reach and 44.9 AAHUs are
expected for the Tempe Reach. The recommended plan meets the
restoration goal (see Section II.B) of providing the diverse
habitat types that naturally occur in a Sonoran desert riparian •
system.
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APPENDIX A

CALCULATIONS OF AVERAGE ANNUAL HABITAT UNITS FOR HABITAT TYPES IN
THE RIO SALADO FEASIBILITY STUDY AREA - PROPOSED ACTION (TABLES
1,-10) •

'The following Tables show how Average Annual Habitat units
(AAHUs) were calculated for this Analysis. As mentioned in
section III.B., a HEP-like approach was used to make the habitat
based evaluation of impacts. AAHUs were calculated as described
in uForm Cn of the HEP Manual (see references cited in section
II. B) .

The maximum habitat values of habitat types, percentage of
habitat expected to be affected by periodic flood flows, and
recovery rates are discussed below. (Note that all habitat
types, except aquatic strand-type vegetation, are expected to be
re-planted after major disturbances to aid in recovery.)

PHOENIX REACH - PROPOSED ACTION (described in section 2.1.1 of
the DEIS)

Mesquite Habitat - A maximum habitat value (HV) of .5 is expected
for this habitat type. Mesquite is to be planted in the
bench/bank areas and overbank areas, where it occurs naturally in
Sonoran desert river systems. Mesquite on the overbank areas are
expected to be outside of the 100 year flood zone.

Mesquite on the bench/bank areas are expected to be impacted by
flood flows. It .is assumed that once every 10 years flood flows
reduce the habitat value by ~, except that once in the 50 year
project's life, a 20-year and 50-year flood event would reduce
the habitat's value by ~ and %, respectively. Recovery is
assumed to occur within 5 years after each disturbance.

Cottonwood/Willow Habitat - A maximum habitat value (HV) of .7 is
expected for this habitat type. cottonwood/willow is to be
planted in the bench/bank areas and overbank areas, where it
occurs naturally in Sonoran desert river systems. Cottonwood/
willow on the overbank areas are expected to be outside of the
100 year flood zone.

As with mesquite, cottonwood/willow on the bench/bank areas are
expected to be impacted by flood flows. It is assumed that once
every 10 years flood flows reduce the habitat value by ~, except
that once in the 50 year project's life, a 20-year and 50-year
flood event would reduce the habitat's value by ~ and %,
respectively. Recovery is assumed to occur within 5 yrs. after
each disturbance.

•

•

Wetland Marsh Habitat A Raximum habitat value (HV) of .7 is
expected for this habitat type. Marsh-type plants are to be
planted in the bench/bank areas. Marsh plants in the channel are •
expected to emerge naturally.
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The marsh habitat on the bench/bank areas are expected to be
impacted by flood flows. It is assumed that once every 10 years
flood flows reduce the habitat value by ~, except that once in
the 50 year project's life, a 20-year and 50-year flood event
would reduce the habitat's value by ~ and %, respectively.
Recovery is assumed to occur within 5 years after each
disturbance. In the channel, wetland marsh habitat value is
expected to be completely eliminated after every la-year flood
event. The channel marsh areas are estimated to recover half of
its original value in 5 years.

Aquatic strand Habitat - A maximum habitat value (HV) of .6 is
expected for this habitat type. Riparian plants in the channel
are expected to emerge opportunisticly. Aquatic strand habitat
value is expected to be completely eliminated after every la-year
flood event. Recovery is assumed to occur within 5 years after
each disturbance.

Open Edges - A maximum habitat value (HV) of .3 is expected for
this habitat type. Natural Sonoran desert vegetation is to be
planted in the overbank and bench/bank areas. Vegetation on the
overbank areas are expected to be outside of the 100 year flood
zone.

Vegetation on the bench/bank areas are expected to be impacted by
flood flows. It is assumed that once every 10 years flood flows
reduce the habitat value by ~, except that once in the 50 year
project's life, a 20-year and 50-year flood event would reduce
the habitat's value by ~ and %, respectively. Recovery is
assumed to occur within 5 yrs. after each disturbance. In the
channel, vegetation is expected to be completely eliminated after
every la-year flood event. Vegetation is estimated to recover
half of its original value in 5 years.

TEMPE REACH - PROPOSED ACTION (T5) (described in section 2.1.1 of
the DEIS)

Mesquite Habitat - A maximum habitat value (HV) of .6 is expected
for this habitat type. Mesquite is to be planted only on the
bench/bank areas of Indian Bend Wash.

Mesquite on the bench/bank areas are expected to be impacted by
flood flows. It is assumed that once every 10 years flood flows
reduce the habitat value by 30%, except that once in the 50 year
project's life, a 20-year and 50-year flood event would reduce
the habitat's value by ~ and 78%, respectively. Recovery is
assumed to occur within 5 years after each disturbance.

Cottonwood/Willow Habitat - A maximum habitat value (HV) of .6 is
expected for this habitat type. cottonwood/willow is to be
planted in the bench/bank areas of the Salt River up and
downstream of Tempe Town Lake .

As with the Phoenix Reach, cottonwood/willow on the bench/bank



areas are expected to be impacted by flood flows. It is assumed
that once every 10 years flood flows reduce the habitat value by •
~, except that once in the 50 year project's life, a 20-year and
50-year flood event would reduce the habitat's value by ~ and %,
respectively. Recovery is assumed to occur within 5 yrs. after
each disturbance.

Wetland Marsh Habitat - As in the Phoenix Reach, a maximum
habitat value (HV) of .7 is expected for this habitat type.
Marsh-type plants are to be planted in the bench/bank areas.

Flood disturbance and recovery are the same as assumed for the
Phoenix Reach.

Aquatic strand Habitat - A maximum habitat value (HV) of .58 is
expected for this habitat type. As assumed for the Phoenix
reach, riparian plants in the channel are expected to emerge
opportunisticly. Aquatic strand habitat value is expected to be
completely eliminated after every lO-year flood event". Recovery
is assumed to occur within 5 years after each disturbance.

Open Edges - A maximum habitat value (HV) of .2 is expected for
this habitat type. Natural Sonoran desert vegetation is to be
planted in the bench/bank areas of Indian Bend Wash and in the
Salt River up and downstream of Tempe Town Lake.

The amount of periodic vegetation disturbance assumed for Indian •
Bend Wash and the Salt River are assumed for this habitat-type.
(See discussion for mesquite habitat and cottonwood/willow
habitat, above.)

•



• TABLE 1a. AVERAGE ANNUAL HABITAT UNITS (AAHUs) FOR
OVERBANK MESQUITE HABITAT -
PROPOSED ACTION (PHOENIX REACH)

Target Habitat Area Habitat HUs between
Year ( TY) Value (acres) Units Target Yrs.

0 0 20 0
5 0.25 20 5 ;- 12.50

10 0.5 20 10 37.50
15 0.5 20 10 50.00
50 0.5 20 10 350.00

Sum of HUs bit Tys 450.000

::~:Y.J~F~Q~':::::~:r.PB~::m:p:~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:;:~:::::::m:m:::::m::::::::::::::j:j:::::::
(over 50 yrs.)

TABLE lb. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FO'R
BENCH/BANK MESQUITE HABITAT -
PROPOSED ACTION (PHOENIX REACH)

Target Area HUs
Year HV· (acres) HUs bit Ty

0 0 110 0.000
5 0.25 110 27.500 68.750

• 10 0.5 110 55.000 206.250
11 0.375 110 41. 250 48.125
16 0.5 110 55.000 240.625
20 0.5 110 55.000 220.000
21 0.25 110 27.500 41. 250
26 0.5 110 55.000 206.250
30 0.5 110 55.000 220.000

31 0.375 110 41.250 48.125
36 0.5 110, 55.000 240.625

40 0.5 110 55.000 220.000
41 0.375 110 41. 250 48.125
46 0.5 110 55.000 240.625
50 0.125 110 13.750 137.50

Sum of HU bit Tys 2186.250

d*:Y~F4~~~m::A:r.:q:~:::::ff:p:@:::m:m:~:~j:mm:::\::::::j::::m:::;,:;,:::mm::~¥9:f::{fg~m1@~~~@~~~illW
(over 50 yrs.)
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TABLE 2a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OVERBANK COTTONWOOD/WILLOW HABITAT 
PROPOSED ACTION (PHOENIX REACH)

Target Habitat Area Habitat HUs between
Year Value (acres) Units Target Yrs.

0 0 20 0
5 0.35 20 7 17.50

10 0.7 20 14 52.50
15 0.7 20 14·- 70.00
50 0.7 20 14 490.00

Sum of HUs bit Tys 630.000

::1¥.Y~F~~:~::::::~P.:9.NW:::::gp:~::::::::::::::::::::::::::::m:::::::::::::::::::::::::::::::::~f:~::~:;:::::::m::::::::~:::::::::::::::m::::::
(over 50 yrs.)
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TABLE 2b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK COTTONWOOD/WILLOW HABITAT -
PROPOSED ACTION (PHOENIX REACH)

Target HUs
Year HV Acres HUs bit Ty

0 0 79 0.000 •5 0.35 79 27.650 69.125

10 0.7 79 55.300 207.375

11 0.525 79 41.475 48.388

16 0.7 79 55.300 241.938
20 0.7 79 55.300 221. 200

21 0.35 79 27.650 41.475

26 0.7 79 55.300 207.375

30 0.7 79 55.300 221. 200

31 0.525 79 41.475 48.388

36 0.7 79 55.300 241. 938

40 0.7 79 55.300 221. 200

41 0.525 79 41.475 48.388

46 0.7 79 55.300 241.938

50 0.175 79 13.825 138.250

Sum of HU bit Tys 2198.175

::A:Y~:t~:~~::::::~:n:~:g~~:::::~:w~::::::::::::::::::::::::::::::::::::::::::::::::::::::m::::::m::~~:~::~~~:m:::::::::::::::::::::::::::::::::::m:m
(over 50 yrs.)
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• TABLE 3a. AVERAGE ANNUAL HABITAT UNIT S (AAUUs) FOR
LOW FLOW CHANNEL, WETLAND MARSH HABITAT -
PROPOSED ACTION (PHOENIX REACH)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 9 0.000
5 0.35 9 3... 150 7.875

10 0.7 9 6.300 23.625
9

\

3.15011 0 0.000
16 0.35 9 3.150 7.875
20 0.7 9 6.300 18.900
21 0 9 0.000 3.150
26 0.35 9 3.150 7.875
30 0.7 9 6.300 18.900
31 0 9 0.000 3.150
36 0.35 9 3.150 7.875
40 0.7 9 6.300 18.900
41 0 9 0.000 3.150
46 0.35 9 3.150 7.875
50 0 9 0.000 6.30

Sum of HU bit Tys 138.600

•

•

~~!¥.:Y~F~~%m~:!l!~9.p.lB@l:~:J(g§mmm::m~;,¥':m:mmmmmm::::~::::m~:::tm~~:~::(f:~:?=1:f:~~~~:r~:~@),¥'~:::m),~~m
(over 50 yrs.)

TABLE 3b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK WETLAND MARSH HABITAT
PROPOSED ACTION (PHOENIX REACH)

Target Habitat Area HUs
Year Value (acres) HUs bit Ty

0 0 49 0.000
5 0.35 49 17.150 42.875

10 0.7 49 34.300 128.625
11 0.525 49 25.725 30.013
16 0.7 49 34.300 150.063
20 0.7 49 34.300 137.200
21 0.35 49 17 .150 25.725
26 0.7 49 34.300 128.625
30 0.7 49 34.300 137.200
31 0.525 49 25.725 30.013
36 0.7 49 34.300 150.063
40 0.7 49 34.300 137.200
41 0.525 49 25.725 30.013
46 0.7 49 34.300 150.063
50 0.175 49 8.575 85.75

Sum of HU bit Tys 1363.425

::~:Y~F~9~::::~:~BI#~f4t~,q~:::::::::::::~::::::::::::::::::::::::::::::::,:,::::::::'::::::::g?:~::f~~j:::::::f::::j::::::::::::'::::::::::::::j:
(over 50 yrs.)



. TABLE 4. AVERAGE ANNUAL HABITAT UNITS (A1\UUs) FOR
AQUATIC STRAND HABITAT - PROPOSED ACTION
(PHOENIX REACH)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 51 0.000
5 0.3 51 15.300 38.250

10 0.6 51 30.600 114.750
11 0 51 0.000 15.300
16 0.6 51 30.600 76.500
20 0.6 51 30.600 122.400
21 0 51 0.000 15.300
26 0.6 51 30.600 76.500
30 0.6 51 30.600 122.400
31 0 51 0.000 15.300
36 0.6 51 30.600 76.500
40 0.6 51 30.600 122.400
41 0 51 0.000 15.300
46 0.6 51 30.600 76.500
50 0 51 0.000 61.20

Sum of HU bit Tys 948.600

~A:y¥:;~~:~:::~::!*:q:qB~mijw§\::::::::m~m::mm:::~m'm:::::::::::m:m:m:::::::::;§i~:~jg:M;,1:::::~::::~~i,~~:~~:I:m
(over 50 yrs.)

TABLE Sa. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
LOW-FLOW CHANNEL iN OPEN EDGES -
PROPOSED ACTION (PHOENIX REACH)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 70 0.000
5 0.15 70 10.500 26.250

10 0.3 70 21.000 78.750
11 0 70 0.000 10.500
16 0.3 70 21.000 52.500
20 0.3 70 21.000 84.000
21 0 70 0.000 10.500
26 0.3 70 21.000 52.500
30 0.3 70 21.000 84.000
31 0 70 0.000 10.500
36 0.3 70 21.000 52.500
40 0.3 70 21.000 84.000
41 0 70 0.000 10.500
46 0.3 70 21.000 52.500
50 0 70 0.000 42.00

Sum of HU bit Tys 651.000

::A:Y§E~9.~::::::~:qn:p.mU:Ji.:g~:::::::m:::::m:::m:::::::::::::m:::::::m:::m:::m::::::~~:~:~~:::m:m:::I:::::::::t:~:::::::::m::
(over 50 yrs.)
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•

•



• TABLE 5b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK LN .. OPEN EDGES -
PROPOSED ACTION (PHOENIX REACH)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 57 0.000
5 0.15 57 ·8:550 21. 375

10 0.3 57 17 .100 64.125
11 0.225 57 12.825 14.963

16 0.3 57 17 .100 74.813
20 0.3 57 17 .100 68.400

21 0.15 57 8.550 12.825

26 0.3 57 17 .100 64.125
310 10.3 57 17 .11010 68.400
31 10.225 57 12.825 14.963

36 0.3 57 17 .100 74.813
40 0.3 57 17 .100 68.400
41 10.225 57 12.825 14.963
46 0.3 57 17 .100 74.813

50 10.075 57 4.275 42.75
Sum of HU bit Tys 679.725

•
TABLE

[:A:~~*F~g~:::~:h:q:n¥.~::~g:g~n::m~~::::;,w:~::::::[:m::::::m:::m~~:m~:'~§J,~;,p:~§::~;,~1}l,;::~@;;,;~:';,l~m
(over 50 yrs.) .

5c. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OVERBANK/PARK IN OPEN EDGES -
PROPOSED ACTION (PHOENIX REACH)

Target Habitat
Year (TY) Value

o 0
5 0.15

10 0.3
15 0.3
50 0.3

Area
(acres)
60
60
60
60
60

Habitat
Units
o
9

18
18
18

HUs between
Target Yrs.

22.50
67.50
90.00

6310.00
Sum of HUs bit Tys 810.000

•

[:~:Y:~:f:#.$~::~:~:~:~@:~:m:Y~:::::::::::::::::::::::::::::::::::!:::::::::::::;::::::::::m:::fe:!::~:m:::m::::::::::::::::::::~~:[:::::::::
(over 50 yrs.)



TABLE 6a. AVERAGE ANNUAL HABITAT UNITS (AAHUs) FOR •BENCH/BANK MESQUITE HABITAT (IN INDIAN BEND WASH)
PROPOSED ACTION (TEMPE REACH) ( T5)

Target Area Habitat HUs between
Year HV (acres) Units Target Yrs.

0 0 20 0.000-
5 0.3 20 6.000 15.000

10 0.6 20 12.000 45.000
11 0.42 20 8.400 10.200
16 0.6 20 12.000 51.000
20 0.6 20 12.000 48.000
21 0.3 20 6.000 ,9.000
26 0.6 20 12.000 45.000
30 0.6 20 12.000 48.000
31 0.42 20 8.400 10.200
36 0.6 20 12.000 51.000
40 0.6 20 12.000 48.000
41 0.42 20 8.400 10.200
46 0.6 20 12.000 51.'000
50 0.132 20 2.640 29.28

Sum of HU bit Tys 470.880

::~::y~:;~~~:::m~:p:p:y*:::::~:p'~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~~:~~~::::::::::::::::::::::::::::::::::::::::::::
(over 50 yrs.)

TABLE 6b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK MESQUITE HABITAT (SALT RIVER - UPSTREAM) 
PROPOSED ACTION (TEl-iPE REACH) (T5)

Target Habitat Area Habitat HUs between
Year Value (acres) Units Target Yrs.

0 0 5 0.000
5 0.2 5 1.000 2.500

10 0.4 5 2.000 7.500
11 0.3 5 1.500 1.750
16 0.4 5 2.000 8.750
20 0.4 5 2.000 8.000
21 0.2 5 1.000 1.500
26 0.4 5 2.000 7.500
30 0.4 5 2.000 8.000
31 0.3 5 1.500 1.750
36 0.4 5 2.000 8.750
40 0.4 5 2.000 8.000
41 0.3 5 1.500 1.750
46 0.4 5 2.000 8.750
50 0.1 5 0.500 5.000

Sum of HU bit Tys 79.500

::~:¥g:#~§'~::::::~:fulry@:~lm::~:@~:m::::~:::::::::::::::::::::::m:::::m:::::::::::::::mm::m:~:~::§~J:;;;::::::;~;;::;;::m:;::
(over 50 yrs.)
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•



• TABLE 6c. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK MESQUITE JiABITAT (SALT RIVER - DOWNSTREAM) 
PROPOSED ACTION (TEMPE REACH) (T5)

:\~:Y~f:*-~:~:\i::~:Bn:y.~:::)i:q§::::~:::::lli~:~lli1lli:::::~:~l,::::::::::m[::mllim:\:::~~lf:~I§lli~W~@g~~~:~~~:~:~~
(over 50 yrs.)

HU bit Tys

•

Target
Year

o
5

10
11
16
20
21
26
30
31
36
40
41
46
50

Habitat
Value

o
0.25
0.5

0.375
0.5
0.5

0.25
0.5
0.5

0.375
0.5

0.375
0.375

0.5
0.225

Sum of

Area
(acres)

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

Habitat
Units

0.000
1. 250
2.500
1.875
2.500
2.500
1.250
2.51313

2.500
1.875
2.500
1.875
1.875
2.500
1.125

HUs
bIt Ty

3.125
9.375
2.188

10.938
10.000

1. 875
9.375

10.000
2.188

10.938
8.750
1.875

10.938
7.250

98.813

•

TABLE 7. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
COTTONWOOD/WILLOW HABITAT - PROPOSED ACTION
(TEMPE REACH) (T5 )

Target Habitat Area Habitat HUs betv-7een
Year Value (acres) Units Target Yrs.

0 0 20 0.000
5 0.3 20 6.000 15.000

10 0.6 20 12.000 45.000
11 0 20 0.000 6.000
16 0.3 20 6.000 15.000
20 0.6 20 12.000 36.000
21 0 20 0.000 6.000
26 0.3 20 6.000 15.000
30 0.6 20 12.000 36.000
31 0 20 0.000 6.000
36 0.3 20 6.000 15.000
40 0.6 20 12.000 36.000
41 0 20 0.000 6.000
46 0.3 20 6.000 15.000
50 0 20 0.000 12.000

Sum of HU bit Tys 264.000

::A::y~jg~~::::j~:~lQl9fM:::::~:JJf§:::::;::::::::::::::::::::::::::::::::::::::::::::::::::;m:::::;:~:f:::g~:::j;;;;;::;::;::::;:::::::::j::::::;
(over 50 yrs.)



TABLE 8. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR •WETLAND MARSH HABITAT - PROPOSED ACTION
(TEMPE REACH) (T5)

Target Habitat Area Habitat liUs
Year Value (acres) Units bit Ty

0 0 16 0.-000
5 0.35 16 5.600 14.000

10 0.7 16 11. 200 42.000
11 0 16 0.000 5.600
16 0.35 16 5.600 14.1200
20 0.7 16 11. 2120 33.600
21 0 16 12.1200 5.600
26 0.35 16 5.600 14.000
30 0.7 16 11. 200 33.6120
31 0 16 0.1200 5.600
36 0.35 16 5.600 14.000
40 0.7 16 11. 200 33.600
41 0 16 0.000 5.6120
46 0.35 16 5.600 14.1200
50 0 16 0.0120 11.20

Sum of HU bit Tys 246.400

::~:Y~E~~~::::::~:B:9.:8~:~:::g,Q:~m:::mm:~::m:;~~m::m::~m::::::::::::~::~:m::::~$~:~:§§:::~;mill~~::i:~1:;';'@:;'l.:~=:::
(over 50 yrs.)

TABLE 9. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
AQUATIC STRAND HABITAT (IN INDIAN BEND WASH) 
PROPOSED ACTION (TEJ.-IPE REACH) (T5)

•
Target Habitat Area Habitat HUs

Year Value (acres) Units bit Ty
0 0 50 0.0012
5 0.29 50 14.500 36.250

10 0.58 50 29.000 108.750
11 0 50 0.000 14.500
16 0.58 50 29.000 72.500
20 0.58 50 29.000 116.000
21 0 50 0.000 14.500
26 0.58 50 29.000 72.500
30 0.58 50 29.000 116.000
31 0 50 0.000 14.500
36 0.58 50 29.000 72.500
40 0.58 50 29.000 116.000
41 0 50 0.000 14.500
46 0.58 50 29.000 72.500
50 0 50 0.000 58.00 •Sum of HU bit Tys 899.000

::A:Y~~~fk@N:Br;;iJ~;lf:q§.::;;::;::::::;;;;~~;::::::~;;:::;::i.::::~;~~@!,~:'i.~~~;ll,;;~~\@;~;;\~~~::~;;
(over 50 yrs.)



•

•

TABLE 10a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK aN: OPEN EDGES OF INDIAN BEND-,'
WASH - PROPOSED ACTION (TEMPE REACH) (T5)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 10 0.000
5 0.1 10 1.000 2.500

10 0.2 10 2.000 7.500
11 0.14 10 1.400 1.700
16 0.2 10 2.000 8.500
20 0.2 10 2.000 8.000
21 0.1 10 1.000 1.500
26 0.2 10 2.000 7.500
30 0.2 10 2.000 8.000
31 0.14 10 1.400 1.700
36 0.2 10 2.000 8.500
40 0.2 10 2.000 8.000
41 0.14 10 1.400 1.700
46 0.2 10 2.000 8.500
50 0.04 10 0.400 4.80

Sum of HU bit Tys 78.400

:[4.\Y~F:fgQ¥']¥:~j1:B\8Wi;::)i~y~::~;.::::q:j@1,1::::m:::::\~~::m[\[::Wj:;;'~4~W;R%§l,;'[j\s1,;'~:j;,~;,;,;,;,1::iqm
(over 50 yrs.)

TABLE 10b. AVERAGE ANNUAL HABIT AT UNITS (AAUUs) FOR
OPEN EDGES (IN SALT RIVER CHANNEL)-
PROPOSED ACTION (TEMPE REACH) ( T5)

Target Habitat Area Habitat ]-iUs
Year Value (acres) Units bit Ty

0 0 24 0.000
5 0.1 24 2.400 6.000

10 0.2 24 4.800 18.000
11 0 24 0.000 2.400
16 0.1 24 2.400 6.000
20 0.2 24 4.800 14.400
21 0 24 0 ..000 2.400
26 0.1 24 2.400 6.000
30 0.2 24 4.800 14.400
31 0 24 ·0.000 2.400
36 0.1 24 2.400 6.000
40 0.2 24 4.800 14.400
41 0 24 0.000 2.400
46 0.1 24 2.400 6.000

• 50 0 24 0.000 4.80
Sum of HU bit Tys 105.600

':~Y~:F~~~::'[~:q:q:8@;:::¥:q:s':'::::;,;.m:::nj::::m:n::::::':::~;)V:::[:::::&:f;;~~::j;';':Sm:m:::~:);r:;.:
(over 50 yrs.)



APPENDIX B

CALCULATIONS OF AVERAGE ANNUAL HABITAT UNITS FOR HABITAT TYPES IN
THE RIO SALADO FEASIBILITY STUDY AREA - PHOENIX REACH
ALTERNATIVES (TABLES 11-28).

The following Tables show how Average Annual Habitat Units
(AAHUs) were calculated for this Analysis. As mentioned in
Section III.B., a HEP-like approach was used to make the habitat
based evaluation of impacts. AAHUs were calculated as described
in "Form Cn of the HEP Manual (see references cited in Section
II. B) .

The maximum habitat values of habitat types, percentage of
habitat expected to be affected by periodic flood flows, and
recovery rates are discussed below. (Note that all habitat
types, except aquatic strand-type vegetation, are expected to be
re-planted after major disturbances to aid in recovery.)

PHOENIX REACH ALTERNATIVES (P2, PS, P6, P9) (described. in section
2.3.1 - 2.3.4 of the DEIS)

•

Mesquite Habitat - As with the Proposed Action, a maximum habitat
value (HV) of .5 is expected for this habitat type. Mesquite is
to be planted in the bench/bank areas and overbank areas, where
it occurs naturally in Sonoran desert river systems. Mesquite on •
the overbank areas are expected to be outside of the 100 year
flood zone.

As with Proposed Action, mesquite on the bench/bank areas are
expected to be impacted by flood flows. It is assumed that once
every 10 years flood flows reduce the habitat value by ~, except
that once in the 50 year project's life, a 20-year and 50-year
flood event would reduce the habitat's value by ~ and %,
respectively. Recovery is assumed to occur within 5 years after
each disturbance.

Cottonwood/Willow Habitat - A maximum habitat value (HV) of .7 is
expected for this habitat type for the high water alternative,
and a value of 0.5 for the low water alternative. Cottonwood/
willow is to be planted in the bench/bank areas and overbank
areas, where it occurs naturally in Sonoran desert river systems.
Cottonwood/ willow on the overbank areas are expected to be
outside of the 100 year flood zone.

As with mesquite, cottonwood/willow on the bench/bank areas are
expected to be impacted by flood flows. It is assumed that once
every 10 years flood flows reduce the habitat value by ~, except
that once in the 50 year project's life, a 20-year and 50-year
flood event would reduce the habitat's value by ~ and %,
respectively. Recovery is assumed to occur within 5 yrs. after •
each disturbance.



•

•

•

Wetland Marsh Habitat - A maximum habitat value (HV) of .7 is
expected for this habitat type in the high water alternative, and
0.6 for the low water alternative. Marsh-type plants are to be
planted in the bench/bank areas. Marsh plants in the channel are
expected to emerge naturally.

The marsh habitat on the bench/bank areas are expected to be
impacted by flood flows. It is assumed that once every 10 years
flood flows reduce the habitat value by %, except that once in
the 50 year project's life, a 20-year and 50-year flood event
would reduce the habitat's value by ~ and %, respectively.
Recovery is assumed to occur within 5 years after each
disturbance. In the channel, wetland marsh habitat value is
expected to be completely eliminated after every 10-year flood
event. The channel marsh areas are estimated to recover half of
its original value in 5 years.

Aquatic strand Habitat - A maximum habitat value (HV)of .6 is
expected for this habitat type. Riparian plants in the channel
are expected to emerge opportunisticly. Aquatic strand habitat
value is expected to be completely eliminated after every 10-year
flood event. Recovery is assumed to occur within 5 years after
each disturbance.

Open Edges - A maximum habitat value (HV) of .3 is expected for
this habitat type in the high water alternative, and a value of
0.2 under the low water alternative. Natural Sonoran desert
vegetation is to be planted in the overbank and bench/bank areas.
vegetation on the overbank areas are expected to be outside of
the 100 year flood zone.

Vegetation on the bench/bank areas are expected to be impacted by
flood flows. It is assumed that once every 10 years flood flows
reduce the habitat value by ~, except that once in the 50 year
project's life, a 20-year and 50-year flood event would reduce
the habitat's value by ~ and %, respectively. Recovery is
assumed to occur within 5 yrs. after each disturbance. In the
channel, vegetation is expected to be completely eliminated after
every 10-year flood event. Vegetation is estimated to recover
half of its original value in 5 years.



.. TABLE 11a. AVERAGE ANNUAL HABITAT UNITS (AAHUs) FOR

OVERBANK MESQUITE HABITAT -
HIGH WATER ALTERNATIVE (PH OENIX REAC H) (P9)

•
Target Habitat

Year ( T Y) Value
o 0
5 0.25

10 0.5
15 0.5
50 0.5

Area
(acres)
25
25
25
25
25

Sum of HUs

Habitat
Units
0.

6.25
12.5
12.5
12.5
bit Tys

HUs betHeen
Target Yrs.

15.63
46.88
62.50

437.50
562.500

::~:¥~f:~~%.:::::~nn:8~:.:)i:g:~:::::~:::::::::::::::::::::m::m::::::::::::~::::::::::::::::Wf::~::fR~:::m::::::::::::::::::::::::~::::::::n::
(over 50 yrs.)

TABLE llb. AVERAGE ANNUAL HABIT AT UNIT S (AAUUs) FOR
BENCH/BANK MESQUITE HABITAT -
HIGH WATER ALTERNATIVE (PHOENIX REACH) (P9)

Target Area HUs

Year HV ( acres) HUs bit Ty
0 0 35 0.000
5 0.25 35 8.750 21. 875 •10 0.5 35 17.500 65.625

11 0.375 35 13.125 15.313
16 0.5 35 17.500 76.563

20 0.5 35 17.500 70.000
21 0.25 35 8.750 13.125

26 0.5 35 17.500 65.625
30 0.5 35 17.500 70.000

31 0.375 35 13.125 15.313
36 0.5 35 17.500 76.563

40 0.5 35 17.500 70.000
41 0.375 35 13.125 15.313

46 0.5 35 17.500 76.563
50 0.125 35 4.375 43.75

Sum of HU bit Tys 695.625

::~:Y~:f.~~'~::~:~:8Q:y.@:1~~:ff.i,g~:::[:mm[::m~[::::::~m:::::m[:::[~~::~;:::::::::mfP;f;~+B::i:::jmm~1::S:~l,::~1m1[:::
(over 50 yrs.)

•



• fABLE 12a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OVERBANK & GRAVEL PIT AREAS, COTTONWOOD/WILLOW HABITAT
HIGH WATER ALTERNATIVE (PHOENIX REACH) (P9)

Target Habitat Area Habitat HUs between
Year Value (acres) Units Taraet Yrs.

-~

0 0 30 0
5 0.35 30 10.5 26.25

10 0.7 30 21 78.75
15 0.7 30 21 105.00
50 0.7 30 21 735.00

Sum of HUs bit Tys 945.000

::1%.:Y~F~~:~::::::!?!:Q:Q:B~m::~:Y:~::::::::~:::::::::::::~:~:~:~:::::~:::::::::::::'::::U::::::::'+~:Mif,~~~:::::::::::::~:::::::~:::::::::H:::::::::~:
(over 50 yrs.)

TABLE 12b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK COT-TONWOOD/WILLOW HABITAT -
HIGH WATER /I.LTERNATIVE (PHOENIX REACH) (P9)

Target HUs
Year HV Acres HUs bit Ty

• 0 0 200 0.000
5 0.35 200 70.000 175.000

10 0.7 200 140.000 525.000
11 0.525 200 105.000 122.500
16 0.7 200 140.000 612.500
20 0.7 200 140.000 560.000
21 0.35 200 70.000 105.000
26 0.7 200 140.000 525.000
30 0.7 200 140.000 560.000
31 0.525 200 105.000 122.500
36 0.7 200 140.000 612.500
40 0.7 200 140.000 560.000

41 0.525 200 105.000 122.500
46 0.7 200 140.000 612.500

50 0.175 200 35.000 350.000
Sum of HU bit Tys 5565.000

::~:¥:~:#:~:~~::::::~::8:~:~~f!.r:::?)I~:::::::::::::[:::[::::::::::::::;:::::;::::::::)::::::lt~[~::~@,~:::m[:[:::':::::[:::[:[::m[:[::m::::::::
(over 50 yrs.)

•



TABLE 13. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR •BENCH WETLAND MARSH HABITAT - HIGH HATER
ALTERN ATIVE (PH OENIX REACH) (P9)

Target Habitat Area HUs
Year Value (acres) HUs bit Ty

0 0 100 0.000
5 0.35 100 35:000 87.500

10 0.7 100 70.000 262.500

11 0.525 100 52.500 61.250
16 0.7 100 70.000 306.250
20 0.7 100 70.000 280.000
21 0.35 100 35.000 52.500
26 0.7 100 70.000 262.500
30 0.7 100 70.000 230.000

:J.

31 0.525 100 52.500 61. 250
36 0.7 100 70.000 306.250
40 0.7 100 70.000 280.000
41 0.525 100 52.500 61.250
46 0.7 100 ·70.000 306.250
50 0.175 100 17.500 175.00

Sum of HU bit Tys 2782.500

[i~:Y~¥~Q~[:i::;~:D:D:Y.~:::::ff:9%:;:m:m:;;::m::;::m:m:m:::::;:;::m::i::m:::::::::§B:~:[B?~;;::::m:::::::m::\~::i;:::[::;m
(over 50 yrs.)

TABLE 14. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
AQUATIC STRAND HABITAT - HIGH WATER ALTERNATIVE
(PHOENIX REACH) (P9)

•
Target Habitat Area Habitat HUs

Year Value (acres) Units bit Ty
0 0 130 0.000
5 0.3 130 39.000 97.500

10 0.6 130 78.000 292.500
11 0 130 0.000 39.000
16 0.6 130 78.000 195.000
20 0.6 130 78.000 312.000
21 0 130 0.000 39.000
26 0.6 130 78.000 195.000
30 0.6 130 78.000 312.000
31 0 130 0.000 39.000
36 0.6 130 78.000 195.000
40 0.6 130 78.000 312.000
41 0 130 0.000 39.000
46 0.6 130 78.000 195.000
50 0 130 0.000 156.00 •Sum of HU bit Tys 2418.000

::!ili:y:~;~g~n~:D:n8~::::#giJ,::;;:::):::;:::.:::::sm::;:::::m::;::::::m:;:[:j;~~~j;8~@::::~S::~::~~::;;;~;'1:;::~;~m:
(over 50 yrs.)



• TABLE 15. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OVERBANK/PARK J.N OPEN EDGES -
HIGH rlATER ALTERNATIVE (PHOENIX REACH) (P9)

Target Habitat
Year (T Y) Value

o 0
5 0.15

10 0.3
15 0.3
50 0.3

Area
(acres)
75
75
75
75
75

Habitat
Units
o

11. 25
22.5
22.5
22.5

HUs bet,,'leen
Target Yrs.

28.13
84.38

112.50
787.50

Sum of HUs bit Tys 1012.500

•

•

;!~t¥~;#;~:~~m:::~::D:D:9~l::m~f~t~:::::m:m::m:m::;~!::;:::::m:m~m:m::m:::::m:f~t~::f~::::::::::m:m::m:m:r:;:m:m:::
(over 50 yrs.)



TABLE 16a. AVERAGE ANNUAL HABITAT UNITS (AAHUs) FOR
OVERBANK MESQUITE HABITAT - LOW WATER

ALTERNATIVE (PHOENIX REACH) (P6) •
Target Habitat

Year (TY)
10
5

110
15
510

Value
10

10.25
10.5
10.5
10.5

Area
(acres)
45
45
45
45
45

Sum of HUs

Habitat
Units
10

11.25
22.5
22.5
22.5 \.-

bit Tys

HUs between
Target Yrs.

28.13
84.38

112.510
787.510

11012.500

~~Y~E~Q~::::::~ii.nBW;::;::gp:~;:;:;:;:m:::::::::::::::::::::::::;::::::::::::::::j"::;::::::::~:;::t~::::j"::::::::r:::::::::::::::t:::::::;
(over 510 yrs.)

TABLE 1Gb. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH MESQUITE HABITAT - LOW WATER
ALTERNATIVE (PHOENIX REACH) (P6)

Target Area HUs
Year HV (acres) HUs bit Ty

10 10 510 10.000
5 10.25 510 12.500 31.2510 •110 10.5 510 25.101010 93.7510

11 10.375 510 18.7510 21.875
16 10.5 510 25.~ 1109.375
210 10.5 510 25.000 100.000
21 10.25 510 12.51010 18.7510
26 10.5 510 25.1000 93.7510
310 10.5 510 25.1000 11010.000
31 10.375 510 18.7510 21.875
36 10.5 510 25.000 1109.375
410 10.5 510 25.000 100.000
41 10.375 510 18.7510 21.875
46 10.5 510 25.000 1109.375
510 10.125 510 6.2510 62.510

Sum of HU bit Tys 993.7510

~!:%.:Y~f:~~f:n:::~:9i9.tBW;:::::g:g~m:~::~ill~::lli::::~m::::::::m:::::::::m:m:mm::::f~:~:~igmm:m::ill:ill:::ill::~:m::::::::::::'
(over 510 yrs.)
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• TABLE 17a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
GRAVEL PIT AREAS, COTTONWOOD/WILLOW HABITAT -
LOW WATER ALTERNATIVE (PHOENIX REACH) (P6)

Target Habitat Area Habitat HUs between
Year Value (acres) Units Target Yrs.

0 0 10 0
5 0.35 10 3.~ 8.75

10 0.7 10 7 26.25,
15 0.7 10 7 '.. 35.00
50 0.7 10 7 245.00

Sum of HUs bit Tys 315.000

::AY~F:~~~::::::~BBP'~:::::gp§:::::::::m:::::::::::::::::::::m:::::::::::::::::::::::::::::::::::::§:~::~:::::m::::::::::~m::::::::~:::::::::;~
(over 50 ·yrs. )

TABLE 17b. AVERAGE .ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK COTTONWOOD/WILLOW HABITAT -

LOW WATER ALTERNATIVE (PHOENIX REACH) (P6)

Target Habitat Area Habitat HUs

Year Value (acres) Units bit Ty.
0 0 80 0.000

5 0.25 80 20.000 50.000

• 10 0.5 80 40.000 150.000

11 0.375 80 30.000 35.000
16 0.5 80 40.000 175.000

20 0.5 80 40.000 160.000
21 0.25 80 20.000 30.000

26 0.5 80 40.000 150.000
30 0.5 80 40.000 160.000

31 0.375 80 30.000 35.000
36 0.5 80 40.000 175.000

40 0.375 80 30.000 140.000
41 0.375 80 30.000 30.000

46 0.5 80 40.000 175.000

50 0.225 80 18.000 116.000 ~ .~: .'

Sum of HU bit Tys 1581.000

::~:Y%F%~%::~:~¥#B~~mgp~::mm:ill~::::~:m~Jm:ill::~:~::mm:mm::~~:A+:~:~~::m:m:ill~:m:ill~m~1~~:m:::
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TABLE lB. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR

BENCH WETLAND MARSH HABITAT - LOW WATER
ALTERNATIVE (PHOENIX REACH) (P6)

Target Habitat Area HUs
Year Value (acres) HUs bit Ty

0 0 40 0.000
5 0.3 40 12.~ 30.000

10 0.6 40 24.000 90.000
11 0.45 40 18.000 21.000
16 0.6 40 24.000 105.000
20 0.6 40 24.000 96.000
21 0.3 40 12.000 18.000
26 0.6 40 24.000 90.000
30 0.6 40 24.000 96.000
31 0.45 40 18.000 21.000
36 0.6 40 24.000 105.000
40 0.6 40 24.000 96.000
41 0.45 40 18.000 21.000
46 0.6 40 24.000 105.000
50 0.15 40 6.000 60.00

Sum of HU bit Tys 954.000

~:A:Y~F:~g~::m:~:Q:m4@i~::::RQ@::m:::::::~::::~::m::m::::::::~:::::::::::::::::::::mm:~~:~~mmt~:~::;,l,1:;,~::::~::~m::::::
(over 50 yrs.)

•

•

•



• TABLE 19a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
LOW-FLOW CHANNEL IN,· OPEN EDGES -
LOW WATER ALTERNATIVE (PHOENIX REACH) (P6)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 130 0.000
5 0.1 130 13.000 32.500

10 0.2 130 26.000 97.500
11 0 130 0.000 13.000
16 0.2 130 26.000 65.000
20 0.2 130 26.000 104.000
21 0 130 0.000 13.000
26 0.2 130 26.000 65.000
30 0.2 130 26.000 104.000
31 0 130 0.000 13.000
36 0.2 130 26.000 65.000
40 0.2 130 26.000 104.000
41 0 130 0.000 13.000
46 0.2 130 26.000 65.000
50 0 130 0.000 52.00

Sum of HU bit Tys 806.000

•
TABLE

j\~:Y~f~~~::\::~:Q:Q:G.@)'::::g:p~:::::::m::;'1m:~::::::::::::::::::/::::m::/m:~~:@p:;'f:~6~~@~;m@j:G\:::;':::~:\:::'
(over 50 yrs.)

19b. AVERAGE ANNUAL HABIT AT UNITS (AAUUs) FOR
BENCH/BANK IN: OPEN EDGES -
LOW WATER ALTERNATIVE (PHOENIX REACH) (P6)

•

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 165 0.000
5 0.1 165 16.500 41. 250

10 0.2 165 33.000 123.750
11 0.15 165 24.750 28.875
16 0.2 165 33.000 144.375
20 0.2 165 33.000 132.000
21 0.1 165 16.500 24.750
26 0.2 165 33.000 123.750
30 0.2 165 33.000 132.000
31 0.15 165 24.750 28.875
36 0.2 165 33.000 144.375
40 0.2 165 33.000 132.000
41 0.15 165 24.750 28.875
46 0.2 165 33.000 144.375
50 0.05 165 8.250 82.50

Sum of HU bit Tys 1311. 750

::~:¥~f~iJi.~f,:::~:Q:QP@)\:::#P~\:f,;'f,;'::;'~\:;';';';'f,::::::::::\:\:::::\:m::::::~:;,;,;,:gR!''f:f.9Pl,@1:;'1,;,~;,;;,::;,m::;,::;,:
(over 50 yrs.)



TABLE 19c. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OVERBANK/PARK IN. OPEN EDGES -
LOW WATER ALTERNATIVE (PHOENIX REACH) (P6)

•
Target Habitat

Year (TY) Value
o 0
5 0.1

10 0.2
15 0.2
50 0.2

Area
(acres)
85
85
85
85
85

Habitat
Units
0.

8.5"

17
17
17

HUs between
Target Yrs.

21.25
63.75
85.00

595.00
Sum of HUs bIt Tys 765.000

~i¥~:~~i~::m:~D.n.~G.~:::::ij:@~::::::::::::::::::::::::::::~::::::::::::::::::~:::::m:::::::::f?:~::~:::::::m:mm::::~:::m::::::::::::::::::
(over 50 yrs.)
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• :'ABLE 20a. AVERAGE ANNUAL HABITAT UNITS (AAHUs) FOR
OVERBANK MESQUITE HABITAT - LOW WATER ALTERNATIVE
WIO GRAVEL PITS (PHOENIX REACH) (P2)

Target Habitat Area Habitat HUs between
Year (TY ) Value (acres) Units Target Yrs.

0 0 30 0
5 0.25 30 7.5 18.75

10 0.5 30 15 56.25
15 0.5 30 15 75.00
50 0.5 30 15 525.00

Sum of HUs bit Tys 675.000

::~:#~F*-Q~::::::ijnp.:8@j:::::gp~:::~::::;:::::::1::::::::::::::::::~::::::::::::::::::::::::~:::::f?::~::~::::::::::::m:::::::::m:::::::::::::::::::
(over 50 yrs.)

TABLE 20b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH MESQUITE HABITAT - LOW WATER ALTERNATIVE
WIO GRAVEL PITS (PHOENIX REACH) (P2)

Target Area HUs

Year HV (acres) HUs bit Ty
0 0 20 0.000

• 5 0.25 20 5.000 12.500 .

10 0.5 20 10.000 37.500

11 0.375. 20 7.500 8.750
16 0.5 20 10.000 43.750

20 0.5 20 10.000 40.000
21 0.25 20 5.000 7.500

26 0.5 20 10.000 37.500
30 0.5 20 10.000 40.000

31 0.375 20 7.500 8.750
36 0.5 20 10.000 43.750

40 0.5 20 10.000 40.000
41 0.375 20 7.500 8.750

46 0.5 20 10.000 43.750

50 0.125 20 2.500 25.00
Sum of HU bit Tys 397.500

::~%~:f:4.g~@:~:9.:9.:8.@j::m:g§::::::::~::::i,:lli;'1,1~1m:::m:::::::::~:::lli::::::m~:::::f:t~;~~::m1:11i;,:@;,~;,i,::i,1::ilir
(over 50 yrs.)
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TABLE 2l. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR •BENCH COTTONWOOD/WILLOW HABITAT - LOW WATER
ALTERNATIVE, W/O GRAVEL PITS (PHOENIX REACH) (P2)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty .

0 0 80 0.000
5 0.25 80 20.000 50.000

10 0.5 80 40.000 150.000
11 0.375 80 30.000 35.000
16 0.5 80 40.000 175.000
20 0.5 80 40.000 160.000
21 0.25 80 20.000 30.000
26 0.5 80 40.000 150.000
30 0.5 80 40.000 160.000
31 0.375 80 30.000 35.000
36 0.5 80 40.000 175.000
40 0.375 ·80 30.000 140.000
41 0.375 80 30.000 30.000
46 0.5 80 40.000 175.000
50 0.225 80 18.000 116.000

Sum of HU bit Tys 1581.000

~~[f;~f4gM:::~:9.[r-f9.@(:Ig:g~@:i,:m:::[::i,~~:~:::[i,:~[::mm:mm:i,i,m:mmi,:i+':~E~@~i,i,:[m[::i,:mw~:~[~t
(over 50 yrs.)

TABLE 22. AVERAGE ANNUAL HABIT AT UNITS (AAUUs) FOR
BENCH WETLAND MARSH HABITAT - LOW WATER ALTERNATIVE
WIO GRAVEL PITS (PHOENIX REACH) (P2)

Target Habitat Area HUs
Year Value (acres) HUs bit Ty

0 0 40 0.000
5 0.3 40 12.000 30.000

10 0.6 40 24.000 90.000
11 0.45 40 18.000 21.000
16 0.6 40 24.000 105.000
20 0.6 40 24.000 96.000
21 0.3 40 12.000 18.000
26 0.6 40 24.000 90.000
30 0.6 40 24.000 96.000
31 0.45 40 18.000 21.000
36 0.6 40 24.000 105.000
40 0.6 40 24.000 96.000
41 0.45 40 18.000 21.000
46 0.6 40 24.000 105.000
50 0.15 40 6.000 60.00

Sum of HU bit Tys 954.000

::~:¥~¥:;}9~::::::~nm:8m:::::~:Y§::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::%~?::~~::::~m:~~::::::::::::::::~~~::::::::::
(over 50 yrs.)
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•
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TABLE 23a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
LOW-FLOW CHANNEL IN OPEN EDGES - LOW WATER

ALTERNATIVE WIO GRAVEL PITS (PHOENIX REACH) (P2)

Target Habitat Area . Habitat HUs
Year Value (acres) Units bit Ty

10 10 1310 10.000
5 10.1 1310 13.000 32.500

110 10.2 1310 26.0010 97.500
11 10 1310 10.000 13.000
16 10.2 1310 26.101010 65.000
210 10.2· 1310 26.0010 1104.101010
21 10 1310 10.000 13.000
26 10.2 1310 26.000 65.0010
30 0.2 130 26.000 104.000

31 10 1310 10.000 13.000
36 10.2 130 26.000 65.000
40 0.2 130 26.000 1104.000
41 10 1310 10.000 13.000
46 10.2 1310 26.000 65.000
510 10 1310 0.1000 52.1010

Sum of HU bIt Tys 8106.0010

:A(Y~f~~hr:[::A:Q.n(BW;:::::ij:9~:m:mm:m:I::::::::::!':(m::::m::m::::%::mm::~R::Mi~:m(m:~1::(:(~m:~!'T~~~:(~:~
(over 510 yrs.)

TABLE 23b. AVERAGE ANNUAL HABIT AT UNITS (AAUUs) FOR
BENCH/BANK IN OPEN EDGES - LOW WATER ALTERNATIV(
WIO GRAVEL PITS (PHOENIX REACH) (P2)

•

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

10 10 155 10.0010
5 10.1 155 15.51010 38.7510

110 0.2 155 31.000 116.2510
11 0.15 155 23.2510 27.125
16 10.2 155 31.000 135.625
210 10.2 155 31.000 124.000
21 10.1 155 15.500 23.2510
26 10.2 155 31.000 116.2510
310 10.2 155 31.101010 124.000
31 10.15 155 23.2510 27.125
36 0.2 155 31.101010 135.625
40 10.2 155 31.000 124.000
41 0.15 155 23.2510 27.125
46 10.2 155 31.000 135.625
50 10.05 155 7.7510 77.510

Sum of HU bIt Tys 1232.2510

:[~'i~i~~~~¥'jj!Q.:9.m:::::ij:q~::::::::~!':m~::~::~!'::~@:~::::::m:~[:~::~~::3~¥~~R:~§,W~~§~~~¥'!'@@¥'m
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TABLE 23c. AVERAGE ANNUAL HABIT AT UNIT5 (AAUUs) FOR
OVERBANK/PARK IN OPEN EDGES - LOW WATER

ALTERNATIVE WIO GRAVEL PITS (PHOENIX REACH) (P2) •
Target Habitat

Year (TY) Value
o 0
5 0.1

10 0.2
15 0.2
50 0.2

Area
(acres)
70
70
70
70
70

Habitat
Units
o
7

14
14
14

HUs between
Target Yrs.

17.50
52.50
70.00

490.00
Sum of HUs bit Tys 630.000

\:~:¥~:rn~*::::::~nij\~~:::J!:~~:::::::::::::::::~:~:::::::::::':::::::::::::::~:::::::::::::::::::~~:~::~;::::::i;::i;::i;::m::::'::::i::::::::i::::
(over 50 yrs.)
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• TABLE 24. AVERAGE ANNUAL HABITAT UNITS (AAHUs) FOR
OVERBANK MESQUITE HABITAT - HIGH WATER
ALTERNATIVE W/O GRAVEL PITS (PHOENIX REACH) (P5)

Target Habitat Area Habitat HUs between
Year (TY) Value (acres) Units Target Yrs.

0 0 10 0
5 0.25 10 2.5 6.25

10 0.5 10 5 18.75
15 0.5 10 5 25.00
50 0.5 10 5 175.00

Sum of HUs bit Tys 225.000

~:~Y~#~Q~m:::~np.¥.W)::Wq~:::::::~:::::::::::::::m:::::::~:::::::::::::::::::::::::::::::::::::~:~::~::m:~::::::::mm:m:::::::::::::::::~:::
(over 50 yrs.)

TABLE 25a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OVERBANK COTTONWOOD/WILLOW HABITAT - HIGH WATER
ALTERNATIVE W/O GRAVEL PITS (PHOENIX REACH) (P5)

Target Habitat Area Habitat HUs between

• Year Value (acres) Units Target Yrs.
0 0 20 0
5 0.35 20 7 17.50

10 0.7 20 14 52.50
15 0.7 20 14 70.00
50 0.7 20 14 490.00

Sum of HUs bit Tys 630.000

::~:i~ft~~~m::~:BP':l,:~@::::::ffP~:::::[m::::::i:::::mm:[:m::::::::::::::::[[:i:::::[mm:~t::~:~:::::;:;:mmm:m:mm;i;:;:;:;:;:::;::
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fABLE 25b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK COTTONWOOD/WILLOW HABITAT - HIGH WATER

ALTERNATIVE W/O GRAVEL PITS (PHOENIX REACH) (P5)

Target HUs
Year HV Acres HUs bIt Ty

0 0 165 0.000
5 0.35 165 57.750 144.375

10 0.7 165 115.500 433.125
11 0.525 165 86.625 101.063
16 0.7 165 115.500 505.313
20 0.7 165 115.500 462.000
21 0.35 165 57.750 86.625
26 0.7 165 115.500 433.125
30 0.7 165 115.500 462.000
31 0.525 165 86.625 101.063
36 0.7 165 115.500 505.313
40 0.7 165 115.500 462.000
41 0.525 165 86.625 101.063
46 0.7 165 115.500 505.313
50 0.175 165 28.875 288.750

Sum of HU bIt Tys 4591.125

~:~:¥~f:~~%m::~:9.:Q:9.Wm::g:q*::m::::::::::::m:m::::~:m:::::::::::::::::::::::m:::m:~~:f:~f~:m::]\:m:m:m::~~m:::mm::m
(over 50 yrs.)

TABLE 26. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH WETLAND MARSH HABITAT - HIGH WATER
ALTERNATIVE W/O GRAVEL PITS (PHOENIX REACH) (P5)

•

•
- Target Habitat Area HUs

Year Value (acres) HUs bit Ty
0 0 100 0.000
5 0.35 100 35.000 87.500

10 0.7 100 70.000 262.500
11 0.525 100 52.500 61. 250
16 0.7 100 70.000 306.250
20 0.7 100 70.000 280.000
21 0.35 100 35.000 52.500
26 0.7 100 70.000 262.500
30 0.7 100 70.000 280.000
31 0.525 100 52.500 61. 250
36 0.7 100 70.000 306.250
40 0.7 100 70.000 280.000
41 0.525 100 52.500 61. 250
46 0.7 100 70.000 306.250
50 0.175 100 17.500 175.00

Sum of HU bit Tys 2782.500 •w~~;;~~~:m::ffJ.PP:9.~:::::ijY*::::::::::::::::::::::::::m:::::::::::::::::::::::;:m::::::::::2?::~::,,~::m::::m~:mm:::]::m::~m:;::
(over 50 yrs.)



•

•

•

TABLE 27. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
AQUATIC STRAND HABITAT - HIGH WATER ALTERNATIVE
WIO GRAVEL PITS (PHOENIX REACH) (P5)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 130 0.000
5 0.3 130 39.000 97.500

10 0.6" 130 78.000 292.500
11 0 130 0.000 39.000
16 0.6 130 78.000 195.000
20 0.6 130 78.000 312.000
21 0 130 0.000 39.000
26 0.6 130 78.000 195.000
30 0.6 130 78.000 312.000

31 0 130 0.000 39.000
36 0.6 130 78.000 195.000
40 0.6 130 78.000 312.000
41 0 130 0.000 39.000
46 0.6 130 78.000 195.000
50 0 130 0.000 156.00

Sum of HU bit Tys 2418.000
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TABLE 28a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR

BANK IN OPEN EDGES - HIGH WATER ALTERNATIVE
W/O GRAVEL PITS (PHOENIX REACH) (P5)

Target Habitat Area Habitat HUs
Year Value (acres) Units bIt Ty

0 0 30 0.000
5 0.1 30 3.000 7.500

10 0.2 30 6.000 22.500
11 0 30 0.000 3.000
16 0.2 30 6.000 15.000
20 0.2 30 6.000 24.000
21 0 30 0.000 3.000
26 0.2 30 6.000 15.000
30 0.2 30 6.000 24.000
31 0 30 0.000 3.000
36 0.2 30 6.000 15.000
40 0.2 30 6.000 24.000
41 0 30 0.000 3.000
46 0.2 30 6.000 15.000
50 0 30 0.000 12.00

Sum of HU bIt Tys 186.000

\:~\Y~i~~~~tAlQ(Q:9.~~:~\~g:Q~::m:::[:~~:~~~:~~\~M~:::m:~\:\~~:::\::[~m\~~m:?:f:i.~J,@\lli~~l,\S,i,N::\~:~\~:~
(over 50 yrs.)

TABLE 28b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OVERBANK/PARK IN OPEN EDGES - HIGH WATER
ALTERNATIVE W/O GRAVEL PITS (PHOENIX REACH) (P5)

•

•
Target Habitat

Year (TY) Value
o 0
5 0.15

10 0.3
15 0.3
50 0.3

Area
(acres)
60
60
60
60
60

Habitat
Units
o
9

18
18
18

HUs between
Target Yrs.

22.50
67.50
90.00

630.00
Sum of HUs bit Tys 810.000
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APPENDIX C

CALCULATIONS OF AVERAGE ANNUAL HABITAT UNITS FOR HABITAT TYPES IN
THE RIO SALADO FEASIBILITY STUDY AREA - THEMPE REACH ALTERNATIVES
(TABLES 29-41).

The following Tables show how Ayerage Annual Habitat units
(AAHUs) were calculated for this Analysis. As mentioned in
section III.B., a HEP-like approach was used to make the habitat
based evaluation of impacts. AAHUs were calculated as described
in "Form Cn of the HEP Manual (see references cited in section
II. B) .

The maximum habitat values of habitat types, percentage of
habitat expected to be affected by periodic flood flows, and
recovery rates are discussed below. (Note that all habitat
types, except aquatic strand-type vegetation, are expected to be
re-planted after major disturbances to aid in recovery.)

THEMPE REACH ALTERNATIVES (T2, T3, T4, T6) . (described in sections
2.4.1 - 2.4.4 of the DEIS)

Mesquite Habitat - A maximum habitat value (HV) of .6 is expected
for this habitat type in Indian Bend Wash, a value of 0.5 for the
Salt River area downstream of Tempe Town Lake, and a value of 0.4
for the Salt River area upstream of Tempe Town Lake. Mesquite is
to be planted only on the bench/bank areas of Indian Bend Wash.

Mesquite on the bench/bank areas are expected to be impacted by
flood flows. It is assumed that once every 10 years flood flows
reduce the habitat value by 30%, except that once in the 50 year
project's life, a 20-year and 50-year flood event would reduce
the habitat's value by \ and 78%, respectively. Recovery is
assumed to occur within 5 years after each disturbance.

Cottonwood/Willow Habitat - A maximum habitat value (HV) of .6 is
expected for this habitat type. Cottonwood/willow is to be
planted in the bench/bank areas of the Salt River up and
downstream of Tempe Town Lake.

As with the Phoenix Reach, cottonwood/willow on the bench/bank
areas are expected to be impacted by flood flows. It is assumed
that once every 10 years flood flows reduce the habitat value by
~, except that once in the 50 year project's life, a 20-year and
50-year flood event would reduce the habitat's value by \ and %,
respectively. Recovery is assumed to occur within 5 yrs. after
each disturbance.

Wetland Marsh Habitat - As in the Phoenix Reach, a maximum
habitat value (HV) of .7 is expected for this habitat type.
Marsh-type plants are to be planted in the bench/bank areas.



Flood disturbance and recovery are the same as assumed for the
Phoenix Reach.

Aquatic strand Habitat - A maximum habitat value (HV) of .58 is
expected for this habitat type. As assumed for the Phoenix
reach, riparian plants in the channel are expected to emerge
opportunisticly. Aquatic strand habitat value is expected to be
completely eliminated after every lO-year flood event. Recovery
is assumed to occur within 5 years after each disturbance.

Open Edges A maximum habitat'value (HV) of .2 is expected for
this habitat type. Natural Sonoran desert vegetation is to be
planted in the bench/bank areas of Indian Bend Wash and in the
Salt River up and downstream of Tempe Town Lake.

The amount of periodic vegetation disturbance assumed for Indian
Bend Wash and the Salt River are assumed for this habitat-type.
(See discussion for mesquite habitat and cottonwood/willow
habitat, above.)

•

•

•



•
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_.rABLE 29a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK MESQUITE HABITAT (IN INDIAN BEND WASH) 
LOW WATER ALTERNATIVE (TEMPE REACH) (T3)

Target Area Habitat HUs between
Year HV (acres) Units Target Yrs.

0 0 20 0.000
5 0.3 20 6.000 15.000

10 0.6 20 12.000 45.000
11 0.42 20 8.400 10.200
16 0.6 20 12.000 51.000
20 0.6 20 12.000 48.000
21 0.3 20 6.000 9.000
26 0.6 20 12.000 45.000
30 0.6 20 12.000 48.000
31 0.42 20 8.400 10.200
36 0.6 20 12.000 51.000
40 0.6 20 12.000 48.000
41 0.42 20 8.400 10.200
46 0.6 20 12.000 51.000
50 0.132 20 2.640 29.28

Sum of HU bit Tys 470.880

~j~:M~;~~~:j:j::~p~m~m~:ij:y%::~::m::::~:~:~::::::::::j~::::::::::::::::~::::::::::~~::::~~:~m:~~:~:~::~~~::mm::::mj:j:j:j~:j::::::~::m:jmm
(over 50 yrs.)

TABLE 29b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK MESQUITE HABITAT (SALT RIVER - UPSTREAM) 
LOW WATER ALTERNATIVE (TEMPE REACH) (T3)

Target Habitat Area Habitat HUs between
Year Value (acres) Units Target Yrs.

0 0 10 0.000
5 0.2 10 2.000 5.000

10 0.4 10 4.000 15.000
11 0.3 10 3.000 3.500
16 0.4 10 4.000 17.500
20 0.4 10 4.000 16.000
21 0.2 10 2.000 3.000
26 0.4 10 4.000 15.000
30 0.4 10 4.000 16.000
31 0.3 10 3.000 3.500
36 0.4 10 4.000 17 .500
40 0.4 10 4.000 16.000
41 0.3 10 3.000 3.500
45 0.4 10 4.000 17.500
50 0.1 10 1.000 10.000• Sum of HU bit Tys 159.000
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TABLE 29c. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK MESQUITE HABITAT (SALT RIVER - DOWNSTREAM) 
LOW WATER ALTERNATIVE (TEMPE REACH) (T3)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 10 0 ..000
5 0.25 10 2.500 6.250

10 0.5 10 5.000 18.750
11 0.375 10 3.750 4.375
16 0.5 10 5.000 21. 875
20 0.5 10 5.000 20.000
21 0.25 10 2.500 3.750
26 0.5 10 5.000 18.750
30 0.5 10 5.000 20.000
31 0.375 10 3.750 4.375
36 0.5 10 5.000 21. 875
40 0.375 10 3.750 17.500

41 0.375 10 3.750 3.750
46 ·0.5 10 5.000 21.875
50 0.225 10 2.250 14.500

Sum of HU bit Tys 197.625

j@¥~f%~~m::~~9.:9.:9.~:::::Wg~\:\:::::::\::::::~::Rm:~m:~m:::m:\:i,::1::!:~:~:~~8:f::i98:::@:::i,~:lli;~:@::\I:~:::
(over 50 yrs.)

•

•

•



•

•

TABLE 30a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK IN OPEN EDGES OF INDIAN BEND
WASH - LOW WATER ALTERNATIVE (TEMPE REACH) (T3)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

10 10 110 10.0010
5 10.1 110 1.000 2.51010

110 10.2 110 2.000 7.500
11 10.14 110 1.400 1.700
16 10.2 110 2.1000 8.500
210 10.2 110 2.000 8.000
21 10.1 110 1.000 1.500
26 10.2 10 2.000 7.5010
30 0.2 10 2.000 8.000
31 0.14 110 1.400 1.700
36 10.2 110 2.000 8.500
40 0.2 10 2.000 8.000
41 10.14 110 1.400 1.700
46 10.2 10 2.0010 8.51010
510 10.104 Ie 10.41010 4.810

Sum of HU bit Tys 78.41010

~@:Y~#4.g~~~:@i.:q:q:q~~:::#:9~~<::~::m::~:m:::~::~:~:~m~:~:mm:mm:~::~m~m:::::::::!:f::9:j§:mmmm~m:m:::::::::~:~:::::::::::
(over 510 yrs.)

TABLE 30b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OPEN EDGES (IN SALT RIVER CHANNEL) -
LOW WATER ALTERNATIVE (TEMPE REACH) (T3)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

10 10 510 10.000
5 10.1 510 5.0010 12.5100

10 0.2 510 110.000 37.500
11 10 510 10.1000 5.000

16 10.1 510 5.000 12.500
210 10.2 510 10.000 310.000

21 0 510 0.000 5.000
26 10.1 510 5.000 12.500

310 10.2 510 110.000 310.000
31 10 50 0.000 5.000

36 10.1 510 5.1000 12.500
410 10.2 50 110.000 310.000
41 10 510 10.000 5.000
46 10.1 510 5.000 12.500

• 510 10 50 10.000 110.1010
Sum of HU bit Tys 220.000

:~A:Y~i.{i~~:::::@':9.:q:q~:::::g:9~~:~~::::::m::::::::::::mm:::::::::::~:::::i,~:~:;j:;:m~:~f~l,~~~W~i;M:::s~\:;::~::~::::
(over 510 yrs.)



. TABLE 31a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENC H/B ANK MESQUITE HABIT AT (IN INDIAN BEND WASH) - HIGH
WATER ALTERNATIVE (TEMPE REACH - IBW & SR DOWNSTREAM) (T4)

Target Area Habitat HUs betvleen
Year HV (acres) Units Target Yrs.

0 0 20 .0.000
5 0.3 20 6.000 15.000

10 0.6 20 12:000 45.000
11 0.42 20 8.400 10.200
16 0.6 20 12.000 51.000
20 0.6 20 12.000 48.000
21 0.3 20 6.000 9.000
26 0.6 20 12.000 45.000
30 0.6 20 12.000 48.000
31 0.42 20 8.400 10.200
36 0.6 20 12.000 51.000
40 0.6 20 12.000 48.000
41 0.42 20 8.400 10.200
46 0.6 20 12.000 51.000
50 0.132 20 2.640 29.28

Sum of HU bit Tys 470.880

::~:~~;#~~::::::~:Q:Q@@i:m:gjJi::::~m~::::::n:::::::~::::::::::mm:m:::m:::::::::::::::::::~~::~~~::::::~ri:::::m::::::~:::~:::I:::::m::
(over 50 yrs.)

TABLE 31b. AVERAGE ANNUAL HABITAT UNITS (AAUU5) FOR
BENCH/BANK MESQUITE HABITAT (SALT RIVER - DOWNSTREAM) 
HIGH WATER ALTERNATIVE (TEMPE REACH) (T4)

•

•
Target Habitat Area Habitat HUs

Year Value (acres) Units bit Ty
0 0 5 0.000
5 0.25 5 1.250 3.125

10 0.5 5 2.500 9.375
11 0.375 5 1.875 2.188
16 0.5 5 2.500 10.938
20 0.5 5 2.500 10.000
21 0.25 5 1.250 1.875
26 0.5 5 2.500 9.375
30 0.5 5 2.500 10.000
31 0.375 5 1.875 2.188
36 0.5 5 2.500 10.938
40 0.375 5 1.875 8.750
41 0.375 5 1.875 1.875
46 0.5 5 2.500 10.938
50 0.225 5 1.125 7.250

Sum of HU bit Tys 98.813 •~~:v~;~~~:::m~:Qn:g~:::::~Yi::::::::::::m:::m:i:::::~:::m:m::::m::::::::::::::::m:::m~:ffi:~t~:::::~mt:::mt::::::::t::~::ti~m:
(over 50 yrs.)



• TABLE 32. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
COTTONWOOD/WILLOW HABITAT - HIGH WATER ALTERNATIVE
(TEMPE REACH - IBW & SR DOWNSTREAM) (T4)

Target Habitat Area Habitat HUs between
Year Value (acres) Units Target Yrs.

0 0 10 -0.000

5 0.3 10 3.000 7.500
10 . 0.6 10 6.000 22.500
11 0 10 0.000 3.000
16 0.3 10 3.000 7.500
20 0.6 10 6.000 18.000
21 0 10 0.000 3.000
26 0.3 10 3.000 7.500
30 0.6 10 6.000 18.000
31 0 10 0.000 3.000
36 0.3 10 3.000 7.500
40 0.6 10 6.000 18.000
41 0 "10 0.000 3.000
46 0.3 10 3.000 7.500
50 0 10 0.000 6.000

Sum of HU bit Tys 132.000

•
TABLE

~:~:~~t:~~~::::~:~m:n:g@!:::~~~y§:~::::::::::::::::::m:m::~:~:~:~mm:m::mm:::::::m:~::m:g:~::~~::m::::::::::::::::m~:~:~:::::::m:mm
(over 50 yrs.)

33. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
WETLAND MARSH HABITAT - HIGH WATER ALTERNATIVE

(TEMPE REACH - IBW & SR DOWNSTREAM) (T4)

Target Habitat Area Habitat HUs

Year Value (acres) Units bit Ty
0 0 8 0.000
5 0.35 8 2.800 7.000

10 0.7 8 5.600 21.000

11 0 8 0.000 2.800
16 0.35 8 2.800 7.000
20 0.7 8 5.600 16.800
21 0 8 0.000 2.800
26 0.35 8 2.800 7.000
30 0.7 8 5.600 16.800
31 0 8 0.000 2.800
36 0.35 8 2.800 7.000
40 0.7 8 5.600 16.800
41 0 8 0.000 2.800

46 0.35 8 2.800 7.000
50 0 8 0.000 5.60

• Sum of HU bit Tys 123.200

::~:~~~~~::::::~mn:~~::niy~:~:::::::::::::::::j::::~:::::::::::::::::::::::~::::::m::::::m:::~:~:~~~~::~:j~j:~~m~::::::ffijj::::::~:mmm:
(over 50 yrs.)



TABLE 34. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
AQUATIC STRAND HABITAT (IN INDIAN BEND WASH) - HIGH
vTATER ALTERNATIVE (TEMPE REACH - IBW & SR DOWNSTREAM) (T4)

•

j:4.:Y~#%.fi%::;':4.:9.:9.:8@m~::g:Q*=::~::::~:~:~:::::::m::m:::::::::::::::::m:::':::~:::':::;':~i:f:~:~:::;,@:~mI::j::::::;,::mm;,:j:
(over 50 yrs. )

HU bit Tys

Target
Year

o
5

10
11
16
20
21
26
30
31
36
40
41
46
50

Habitat
Value

o
0.29
0.58

o
0.58
0.58

o
0.58
0.58

o
0.58
0.58

o
0.58

o
Sum of

Area
(acres)

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

Habitat
Units

0.000
14.500
29.000
0.000

29.000
29.000
0.000

29.000
29.000
0.000

29.000
29.000
0.000

29.000
0.000

HUs
bit Ty

36.250
108.750

14.500
72.500

116.000
14.500
72.500

116.000
14.500
72.500

116.000
14.500
72.500
58.00

899.000

•
TABLE 35a. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK IN OPEN EDGES OF INDIAN BEND WASH - HIGH
WATER ALTERNATIVE (TEMPE REACH - IBW & SR DOWNSTREAM) (T4)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 10 0.000
5 0.1 10 1.000 2.500

10 0.2 10 2.000 7.500
11 0.14 10 1.400 1.700

16 0.2 10 2.000 8.500
20 0.2 10 2.000 8.000
21 0.1 10 1.000 1.500
26 0.2 10 2.000 7.500
30 0.2 10 2.000 8.000
31 0.14 10 1.400 1.700

36 0.2 10 2.000 8.500
40 0.2 10 2.000 8.000

41 0.14 10 1.400 1.700
46 0.2 10 2.000 8.500

50 0.04 10 0.400 4.80 •Sum of HU bit Tys 78.400

::A%~#:~}?j~::::::i.:9.$.¥.w;::::gY~J::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::m:::::::+.:~::?~$::::::::m':::::::::::;::::::;:::::::::::::
(over 50 yrs.)



• TABLE 35b. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OPEN EDGES (IN SALT RIVER CHANNEL) - HIGH WATER

ALTERNATIVE (TEMPE REACH - IBW & SR DOWNSTREAM) (T4)

Target Habitat Area Habitat HUs
Year Value (acres) Units bit Ty

0 0 12 0.000
5 0.1 12 1.200 3.000

10 0.2 12 2.400 9.000
11 0 12 0.000 1.200
16 0.1 12 1.200 3.000
20 0.2 12 2.400 7.200
21 0 12 0.000 1.200
26 0.1 12 1.200 3.000
30 0.2 12 2.400 7.200
31 0 12 0.000 1.200
36 0.1 12 1.200 3.000
40 0.2 12 2.400 7.200
41 0 12 0.000 1.200
46 0.1 12 1.200 3.000
50 0 12 0.000 2.40

Sum of HU bit Tys 52.800

•

•

~:~:Yi.#~~~:[::~~d}[g,G.@i::~g[q#Im[:mm:::~::;:[:::[:[:\~:m~:[m\:[mmm:m\:;~mm;[f,l~9:~m:[~~;;,:[:~~[m\:[m\t:~:::\:\:[:
(over 50 yrs.)



TABLE 36. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK MESQUITE HABITAT (IN INDIAN BEND WASH) 
LOW WATER ALTERNATIVE (TEMPE REACH - IBW ONLY) (T2)

Target Habitat Area Habitat HUs between
Year Value (acres) Units Target Yrs.

0 0 20 0.000
5 0.3 20 6.000 15.000

10 0.6 20 12.000 45.000
11 0.42 20 8.400 10.200
16 0.6 20 12.000 51.000
20 0.6 20 12.000 48.000
21 0.3 20 6.000 9.000
26 0.6 20 12.000 45.000
30 0.6 20 12.000 48.000
31 0.42 20 8.400 10.200
36 0.6 20 12.000 51.000
40 0.6 20 12.000 48.000
41 0.42 20 8.400 10.200
46 0.6 20 12.000 51.000
50 0.132 20 2.640 29.28

Sum of HU bit Tys 470.880

~:~~v~~~~:m::~:D.:D.tgm;::'::~:Y~::::::::m:m:m:::~~:::m::':~:::~::~~::::~::::::~m:::~:~m:::::~~:~::~~~:::::::~::'::::'::::::::::m::m:::::::::::
(over 50 yrs.)

TABLE 37. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK, OPEN EDGES OF INDIAN BEND WASH-
LOW WATER ALTERNATIVE (TEMPE REACH - IBW ONLY) (T2)

•

•
Target Habitat Area Habitat HUs

Year Value (acres) Units bit Ty
0 0 10 0.000
5 0.1 10 1.000 2.500

10 0.2 10 2.000 7.500
11 0.14 10 1.400 1.700
16 0.2 10 2.000 8.500
20 0.2 10 2.000 8.000
21 0.1 10 1.000 1.500
26 0.2 10 2.000 7.500
30 0.2 10 2.000 8.000
31 0.14 10 1.400 1.700
36 0.2 10 2.000 8.500
40 0.2 10 2.000 8.000
41 0.14 10 1.400 1.700
46 0.2 10 2.000 8.500
50 0.04 10 0.400 4.80

Sum of HU bit Tys 78.400 •::t.1i:Y:~Pi9.~::::::~nn#'~:::::ijj@#::::::::::::::::::m:::::::::::::::::::::::::::::::::::::::::m:::::::¥::~::R~$,::::::a;::;:jim::::::::::::::::::::::
(over 50 yrs. )



• ':'ABLE 38. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
BENCH/BANK MESQUITE HABIT AT HIGH WATER ALTERNATIVE
(TEMPE REACH - SR DOWNSTREAM ONLY) (T6)

Target Habitat Area Habitat BUs benreen
Year Value (acres) Units ~tTItEs.

0 0 5 0.000
5 0.25 5 1.250 3.125

10 0.5 5 2.500 9.375
11 0.375 5 1.875 2.188
16 0.5 5 2.500 10.938
20 0.5 5 2.500 10.000
21 0.25 5 1.250 1.875
26 0.5 5 2.500 9.375
30 0.5 5 2.500 10.000
31 0.375 5 1.875 2.188
36 0.5 5 2.500 10.938
40 0.375 5 1.875 8.750
41 0.375 5 1.875 1.875
46 0.5 5 2.500 10.938
50 0.225 5 1.125 7.250

Sum of HU bit Tys 98.813

•

•

![i*~Y~#4.~~[~~l¥~q:p~9.@i:~[:ff~gfJ[::~:~mmm~[~:m:~:m:::~:mm~:mmmm~~:J:~mm~~:~t'if@[~:~~~1j:j:ill~~~[j[m:j~:~j:~
(over 50 yrs.)

TABLE 39. AVERAG·E ANNUAL HABITAT UNITS +AAUUgo):FOR. """",

COTTONWOOD/WILLOW HABITAT - HIGH WATER ALTERNATIVE
(TEMPE REACH - SR DOWNSTREAM ONLY) (T6)

Target Habitat Area Habitat Hillsl:Jet£~
Year Value (acres) Units TI3,ll!l§etY'YSS.

0 0 10 0.000
5 0.3 10 3.000 7.500

10 0.6 10 6.000 22.500
11 0 10 0.000 3.000
16 0.3 10 3.000 7.500
20 0.6 10 6.000 18.000
21 0 10 0.000 3.000
26 0.3 10 3.000 7.500
30 0.6 10 6.000 18.000
31 0 10 0.000 3.000
36 0.3 10 3.000 7.500
40 0.6 10 6.000 18.000
41 0 10 0.000 3.000
46 0.3 10 3.000 7.500
50 0 10 0.000 6.000

Sum of HU bit Tys 132.000

j:~Mt~I~~~::::::~pnlg~::j:JfYi::i:jj:j:::::::j:ji:j:j:j::j:j:~:::[j:::j:j:::j:m:j::i:::j:j:::j:j::~j*j~;~~ij:j:jiii:j:::j:jimjm~:~::i:ji:m:
(over 50 yrs.)



.TABLE 40. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR •WETLAND MARSH HABITAT - HIGH WATER ALTERN ATIVE
(TEMPE REACH - SR DOWNSTREAM ONLY) ( T6)

Target Habitat Area Habitat HrnI:5;

Year Value (acres) Units bIt Ty
0 0 8 0.000
5 0.35 8 2.800 7.000

10 0.7 8 5.600 21.000
11 0 8 0.000 2.800
16 0.35 8 2.800 7.000
20 0.7 8 5.600 16.800
21 0 8 0.000 2.800
26 0.35 8 2.800 7.000
30 0.7 8 5.600 16.800
31 0 8 0.000 2.800
36 0.35 8 2.800 7.000
40 0.7 8 5.600 16.800
41 0 8 0.000 2.800
46 0.35 8 2.800 7.000
50 0 8 0.000 5.60

Sum of HU bit Tys 123.200

~:t£:Y~i.i4.~~:m::~:9.~riq~:m:ij:9§:m:m:m:m:::m:~::m::~I:m::::m:~::::mm:~\mm:mt11:~:i~1i:@%H:~~@ill\@::~:~j
(over 50 yrs.) •

TABLE 4l. AVERAGE ANNUAL HABITAT UNITS (AAUUs) FOR
OPEN EDGES (IN SALT RIVER CHANNEL) - HIGH WATER
ALTERNATIVE (TEMPE REACH - SR DOWNSTREAM ONLY) (T6)

Target Habitat Area Habitat HrnI:5;

Year Value (acres) Units bIt 'l'y
0 0 12 0.000
5 0.1 12 1.200 3.000

10 0.2 12 2.400 9.000
11 0 12 0.000 1.200
16 0.1 12 1.200 3.000
20 0.2 12 2.400 7.200
21 0 12 0.000 1.200
26 0.1 12 1.200 3.000
30 0.2 12 2.400 7.200
31 0 12 0.000 1.200
36 0.1 12 1.200 3.000
40 0.2 12 2.400 7.200

41 0 12 0.000 1.200
46 0.1 12 1.200 3.000

50 0 12 0.000 2.40
Sum of HU bit Tys 52.800 •\\~Y~#4.~~:::::~p.p.B~P.m:::ij:9~mm:::m:~::m::m:::m::::::~:::::::::m::::::m:m::::::::::!:~:~~:~::~~::m:~::m:::::::\:\::::::::m::
(over 50 yrs.)



•
Table 43. Habitat Units for each habitat type for the Proposed Action.

• •
Habitat Units (HUs) for each Habitat Type!

Propposd Acton

Phoenix Reach:

Low-Flow Channel
BenchlBank

Overbank
ParklGateway

Mesquite

n/a2

(110)(.5) =55

(20)(.5) = 10
nla

Cottonwoodl
\.Ii llow

n/a
(79)(.7) = 55.3

(20)(.7) = 14
n/a

\.let land
Marsh

(9)(.7) =6.3
(49)(.7) =34.3

nla
n/a

Aquatic
Strand

(51)(.6) =30.6
nla

n/a
n/a

Open
Space

(70)( .3) = 21.0
(57)(.3) = 17.1

(10)(.3) = 3.0
(50)(.3) = 15

Total
HUs

Sub-total 65

Tempe Reach:

69.3 40.6 30.6 56.1 . 261.6

Indian Bend \.lash
Salt River

(upstream)
Salt River

(downstream)

sub-total

(20)(.6) =12 n/a2

(5)(.4) = 2 (10)(.6) =6

(5)(.5) 2.5 (10)(.6) = 6

16.5 12

nla

(8)(.7) = 5.6

(8)(.7) = 5.6

11.2

(50)(.58) = 29

n/a

n/a

29

(10)(.2) 2 .',
,.

(12)( .2) = 2.4

(12)(.2) 2.4
-----------------
6.8 75.5



Table 42. Comparison of Average Annual Habitat units (AAHUs) from the Proposed Action and
Restoration Alternatives Considered for the Rio Salado Feasibility Study*.

III

::;:

cottonwood/ :;::

~~~willow 56 ·6 5 ·3 f 130 ·2
:~~

::;:

Wetland ~.:

i.[
::~

Marsh 30 ·a 4 ·9 ~~ 55 ·7
~~

Aquatic m·

111
strand !~~ 19 ·0 18 ·0 48 ·4

:::

Open Edges 42 ·8 3 ·7 20 · 3

Total 201 ·1 44 ·9 279 ·8

37.9

19.1

57.7

154.8

31.6

19.1

53.4

125.6

55.7 I

19.9

232.9

6.0

22.6

2.6

2.5

18.0

2.6

37.1

1.6

11. 0

2.6

2.5

1.1

8.2

• • •
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RIO SALADO, SALT RIVER, ARIZONA

APPENDIXE
REAL ESTATE

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

SOUTH PACIFIC DIVISION
APRIL 1998



CESPL-RE (405-1 Ot)

MEMORANDUM FOR

DEPARTM=:NT OF THE ARMY
LOS ANGELES D.3TRICT",;ORPS OF ENGINEERS

ARIZONA REAL ESTATE OFFICE
3636 NORTH CENTRAL AVENUE, SUITE 770

PHOENIX, ARIZONA 85012-1936

23 February 1998

•

HQ,USACE, ATTN: CERE-AP (Bill Bayert), 20 Massachusetts Avenue N.W., Washington, DC
20314-1000

Commander, USACE, South Pacific Division, ATTN: CESPD-ET-R (Bill Stymiest), 333 Market
Street, San Francisco, California 94105-2195

Commander, USACE, Los Angeles District, ATTN: CESPL-RE (Richard Guthrie), P.O. Box
532711, Los Angeles, California 90053-2325

SUBJECT: Rio Salado Real Estate Plan

1. Due to the need to answer review comments in an accelerated time frame, simultaneous
transmittal of the revised Real Estate Plan is being accomplished. Enclosed is the revised plan
which complies with draft Chapter 12 ofER-405-1-12, dated 28 May 1991. According to an
agreement that was reached to meet a project milestone, the gross appraisal will be submitted
separately. The gross appraisal may be expected in 8 weeks. If there are any changes or new
information to present as a result that gross appraisal, this new data will be provided as
supplemental pages or errata sheets to the Real Estate Plan. This procedure was arranged to meet
the February milestone for the Rio Salado project.

2. Point of Contact as to the content of the real estate plan is Steven Gale at (602) 640-2016,
extension 266.

•

Encl

/

CF:
_CESPL-PD-WC (Mike Ternak)

~~
BRIAN D. KIRCHNER
Acting Chief, Arizona Real Estate Office



• Real Estate Plan and Appendix
Rio Salado

Environmental Restoration Project

This Real Estate Plan follows the contents prescribed by ER-405-1-12, Draft Chapter 12
"Local Cooperation", as published 28 May 1991 and distributed by CERE-AP on 5 July
1991. To facilitate review for consistency with the regulation, content items prescribed
by that regulation are identified with a BOLD numeral. This Real Estate Plan also
addresses additional items requested during technical and policy review.

Abstract.

1. Project Name: Rio Salado Environmental Restoration Project.

2. Location: Salt River, Tempe and Phoenix, Maricopa County, Arizona

3. Purposes and Acreages: Environmental Restoration and Recreation; (Additional
information will be separately supplied in errata sheets as necessary)

•
Tempe Acreage

Environmental Restoration:
Recreation

Phoenix Acreage

166.25
0.86

•

Environmental Restoration: 554 Acres
Recreation (Approx) 22.30

4. Reconnaissance Report Approval:. Funding to proceed with the studies for the Rio
Salado Project (Salt River) was provided in the Water Resources Development Act of
1994. Headquarters approved the Reconnaissance Report, titled Reconnaissance
Report Rio Salado, Salt River AZ, in June of 1995.

Introduction:

5. This project is primarily aimed at environmental restoration by providing wetland and
riparian habitat development within an urbanized and highly developed section of the
Salt River (Rio Salado) in greater metropolitan Phoenix. There are two main reaches of
the river included in this plan; one at the eastern end near Tempe, Arizona and the
Phoenix reach running between the 1-10 bridge and 19th Avenue. The City of Tempe
and the City of Phoenix will be the project sponsors. The anticipated schedule for this
project is based on line item inclusion in the Water Resources Development Act of 1998.
Construction is not slated until the year 2000. Thus there will be a 2 year period to
complete plans and specifications, while concurrently the local sponsors complete their
land acquisitions.



Authority:

6. The authority for this project study is provided under the Corps of Engineer's General
Investigations Authority for civil works projects. Funding for the study was appropriated
in the Water Resources Development Act of 1994. Upon approval of the Feasibility
Report, project authorization is expected to be obtained in the 1998 Water Resources
Development Act.

Purpose of this Report:

7. This stage of the real estate plan supports final phase of the feasibility study.

Federal Lands.

8. There are some Federal public domain lands within the Tempe portion of the project
that are administered through the Bureau Of Land Management. No public land
withdrawals are required. The method of acquisition recommended for these lands is a
Recreation and Public Purposes Patent. The authority for these conveyances is cited
as the Recreation and Public Purposes Act (43 U.S.C. 869). This will be a Federal
patent in fee simple title to the City of Tempe. The patent is issued at no cost to a public
agency with the provision that the lands be used for a public or recreational purpose.
The use of Federal lands in this project is deemed a Federal contribution toward the
project objectives and thus no credit will be appraised or attributed. The local sponsor
has been actively consulting with BLM on the requirements for this project.

Navigational Servitude.

9. The Salt River (Rio Salado) in this portion of its channel is a dry riverbed that only
receives flow during floods or from local storms. According to a river classification
adopted by the State Of Arizona pursuant to the 1980 Groundwater Management Code,
the Salt River below Granite Reef Dam is an ephemeral stream flowing only in response
to local storms and occasional flood control releases from upstream dams. The Salt
River is not a navigable stream under current state or Federal laws or designations.
Ownership to the bed and banks is vested in private, deeded ownerships along the
river. Since all lands are to be acquired under state doctrine by the local sponsor, and
since there is no basis for any Federal assertion of navigational servitude, normal fee
acquisition will proceed.

Water Rights

10. There was much discussion during previous reviews as to water rights and the
possible crediting for water rights. Water rights doctrine in the western states is a
extremely complicated arena of law well beyond the scope and length of this document.
For the purposes of this report, a brief treatment of this issue is presented. The
sponsors will be providing water from existing wells. These water rights are withdrawal
permits issued by the state. The sponsor will not be acquiring any additional water
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rights. From an appraisal standpoint it has been determined that the type of water rights
used by the sponsors ( City of Phoenix and City of Tempe) are a type that is not
appurtenant or transferable with the land. The permit is in the nature of a license or
privilege conferred by the State of Arizona to withdraw water from the underground
aquifer. These are in the nature of regulatory permits that administer the withdrawal of
groundwater. The permits are not real property rights and therefore do not fulfill or meet
the definition of a LERRD.

Additional review questions were raised concerning the feasibility of providing the water
supply from the existing wells and whether the wells were capable of providing the
estimated quantities of water. The questions arose due to the contents of Appendix H,
Water Supply Cost and Analysis. Real Estate Division is not qualified to respond to
questions concerning engineering calculations or hydrogeologic data or opinions
included in Appendix H. These questions have been referred to the appropriate
disciplines and we have been advised that Appendix H will be revised and corrected
accordingly.

Description of Lands

11. The project is conveniently divided into two areas, the City Of Tempe reach and the
City of Phoenix reach.

City of Tempe.

12. In this reach approximately 166.25 acres of land are included in the environmental
restoration project and 0.86 acres are separable recreation lands.

Within this reach of the river the planned habitat restoration measures are located within
the meander lines of the river. This land is owned by the Maricopa County Flood Control
District (MCFCD) and the U.S. Bureau of Land Management (BLM). The MCFCD area
was acquired for the Indian Bend Wash civil works project. It has been previously used
and credited and policy prevents it being credited for another civil works project The
land within the Indian Bend Wash flood control project will continue to be managed and
operated in fee simple title .by the Maricopa County Flood Control District. The MCFCD
was credited for these lands and is obligated to hold title and to operate and maintain
the lands for flood control purposes. The new environmental restoration project is an
added project purpose these lands will also accommodate. Plan formulation has
determined that there are no conflicts or interference with the flood control purposes of
the Indian Bend Wash Project.

The City of Tempe is a participating member community of the Maricopa County Flood
Control District. Thus it is recommended that the project may proceed on the Indian
Bend Wash lands owned by MCFCD in fee, with a simple consent from MCFCD issued
to City of Tempe. The consent or Memorandum of Agreement would specify operational
and maintenance responsibilities with flood control maintained as the prime
responsibility with MCFCD. The City of Tempe would assume responsibility for

3



maintaining the plantings and irrigation system as their appropriate responsibilities.
There will be no transfer of title to the lands. As sponsor of the Indian Bend Wash
project, MCFCD cannot sell or release any lands which are still needed for flood control
purposes.

The approach to use fee lands acquired for one project for a collateral purpose (i.e
environmental restoration) is not non-standard or a deviation from policy in the District's
view. This approach is very similar to that used in a Section 1135(a) environmental
restoration project. It is very common to have the land for a flood control project owned
in fee by an entity such a flood control or levee district and a separate entity such a
wildlife or fish and game agency be the sponsor for a Section 1135(a) project on those
same lands. Another example is when an another project purpose such as municipal
and industrial water supply is added to a project. Title transfer of the dam or its outlet
works is not required. The new project purpose is added and an agreement with the
water supply concern (be it a city or county) is signed covering operational and
maintenance responsibilities for the new features. The application of this same
approach on such projects indicates that it is consistent with policy.

The BLM area is all within the riparian zone within the ordinary high water marks of the
river which was never patented, claimed or purchased. These are sometimes referred to
as "omitted lands". This area within the bed and banks of the river is in the floodplain
and conveys the normal and flood discharges of the river. The "land" has no economic
use or value. The recommended estate for these lands is a fee simple title transfer
from the BLM to the City of Tempe through the Recreation and Public Purposes Act of
1976.

Phoenix Reach.

13. In the reach, the City of Phoenix owns some of the land within the river banks and
borders in fee simple title and is pursuing current fee acquisitions over the entire
project area.

There are a number of private owners including commercial sand and gravel
operations. The largest concerns are Calmat and United Metro. The project will reclaim
the riverbed so vegetation and wildlife habitat can be sustained. Public recreation is
also an incidental and separable project purpose. No lesser interest than fee simple
title will suffice for the project purposes. The sponsor will acquire fee simple title to all
areas within the project boundary.

Acquisition Authorities.

14. Both sponsors, The City of Phoenix and the City of Tempe and duly organized
chartered cities in the State of Arizona with complete powers to acquire land and hold
title and to condemn lands as needed to fulfill public purposes. State statute confers the
right to obtain immediate possession upon a deposit of just compensation. The
sponsors capability checklists have been completed.
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Project Maps.

15. In order to meet the prescribed deadline for this report, detailed project maps will
be provided separately within the gross appraisal. Generalized project maps of the
project area and boundaries are included in the hardcopy version of this report.

Crediting for LERRO's and Special Issues:

16. Tempe Reach

The land within the bed and banks of the Salt River is public land administered by the
Bureau of Land Management (BLM) The area within Indian Bend Wash has already
been utilized for a Federal cost shared project. The reader is referred to the discussion
of Federal lands and lands previously acquired and credited for the Indian Bend Wash
flood control project. The crediting approach for the Tempe portion of the project is
consistent with policy guidance appearing in the new proposed version Chapter 12 of
ER-405-1-12, dated 29 March 1996, specifically Paragraph 12-40, "Limitations on
Credit". That numbered paragraph contains the following excerpts:

a. Federally owned lands. The Sponsor will not receive credit for lands acquired
from Federal agencies if the acquisition of same was accomplished at no costs....

c. Previous local cooperation. The sponsor shall not receive credit for the value
of any LERRO areas that have previously been provided as an item of local cooperation
for another Federal project.

The Tempe portion of the project uses Federal lands which are obtainable at no costs
and previously applied lands which were acquired and credited for the Indian Bend
Wash project. Thus there will be no LERRO credits allocatable to the Tempe project.
The local sponsor is in agreement with this determination.

17. Phoenix Reach

Credit for lands which the sponsor owns or acquires before the PCA is signed will be
given at the approved appraised fair market value as of the time of the construction
contract award. Credit will also be given for administrative acquisition costs for lands
acquired within 5 years of the date the PCA is signed. If any lands are acquired after
the signing of a PCA, the credit will be allowed for the approved appraised fair market
value at the time these lands are acquired. With prior approval of the Corps, credit may
be allowed for administrative settlements that exceed the approved appraisal. Credit for
LERRO's in the case of involuntary acquisitions which occur within within one-year
before the signing of a PCA, or which occur after the date of the agreement will be
based on court awards, or on stipulated settlements that have received prior
Government approval. These crediting guidelines appear in the model PCA for a
structural project, Appendix A, of ER 1165-2-131.
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It must be noted that the city-owned lands within the bed and banks of the river and near
or adjacent to elevated highways and bridges are limited in their potential and the
appraised value applied for crediting purposes will take this fully into account. Since the
land encumbered by roads and bridges and under these overpasses has very little
economic value or potential, the appraised fair market value for such spaces should be
very nominal.

The lands include a former city landfill and adjacent lands within a designated National
Priorities Site, also known as a Superfund Site. This designation shall have a bearing on
the appraisal valuation to be applied for any crediting purposes for such lands. Value for
such Superfund sites can be estimated as negative values due to the stigma that
attaches in the marketplace and the high cost of clean up. The cost of clean up are a
sponsor's responsibility and not a project costs as detailed in the PCA. Estimated costs
will be provided separately in the gross appraisal.

Standard Estates

18. All estates used for acquisition and crediting for this project will be used verbatim
from Chapter 5, ER 405-1-12. The recommended estate is fee simple. There are no
non-standard estates being recommended for approval with this feasibility report.

Hazardous Waste and Previous Land Uses.

19. The City of Phoenix has operated a former landfill which was closed under a
Consent Decree issued through he regulatory enforcement powers of the Arizona
Department of Environmental Quality (ADEQ) This site is on the EPA's National Priority
List, commonly known as a Superfund Site. ADEQ now monitors the clean-up and
remediation program over this site. ADEQ has ordered the City of Phoenix to undertake
an extensive monitoring and data collection program to track emissions or releases
which could potentially affect air and water quality. This regulatory listing affects the
future utility and value not only of the former City property but the adjacent property as
well. This is a negative market influence or stigma which would tend to further depress
the economic potential and value of these lands.

This information is being provided to report the known existence of a hazardous waste
site in the project area as required by the regulations. The consent decree is the
regulatory enforcement action on this Superfund site. Thus there would not appear to be
any additional liability incurred by sponsor. Project engineering has taken this site's
limitations into full consideration and should avoid any disturbance in the former landfill
area that would uncover, transport or handle any hazardous or toxic waste material.
Under the model PCA conditions, liability under CERRCLA rests with the sponsor.
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• Cost Estimate.

20. The cost estimate for Lands Easements, Rights-of-way, Relocations and Disposal
Areas will be forthcoming in a separate gross appraisal. The reconnaissance level
estimate was $3, 845,000. There have been some significant alterations and
adjustments in the guiding assumptions since that preliminary estimate was made. This
preliminary, reconnaissance level estimate is not the result of an appraisal and
will be changed significantly in the gross appraisal to be provided separately.

Relocation Assistance (URA Relocations)

21. There are no residential or business relocations as the project is formulated in the
feasibility report. The sponsor will be required to lend all assistance and payments to
eligible displaced businesses or persons, including any allowable title conveyance costs
resulting from project acquisitions. The PCA requires the sponsor to fulfil all
requirements of Public Law 91-646, as amended.

Facility Relocations.

22. An examination of Table 6.6, an page V1-10 of the main report and Appendix G,
Design and Cost Appendix, reveals no items for utility of facility relocations. Real Estate
conferred with Engineering Division and Cost Engineering Branch and verified that there
are no items identified as facility relocations in the project estimate.

• Mineral Activity - Sand and Gravel Operations

23. This subject will be covered in full in the gross appraisal.

Use of Zoning.

24. The sponsor is not using any zoning ordinances in lieu of acquisitions of lands or
easements within the project take areas.

25. Recreation.

•

The project will include in separable recreation lands. The Tempe portion includes 0.86
acres for an entrance gateway and parking lot. However there are no separable LERRO
costs on the Tempe portion of the project. (See discussions on Federal lands and
Crediting issues). In the Phoenix portion of the project, approximately 22.30 acres will
be developed for entrance gateways, parking lots, access ways, public rest rooms and
like facilities. The estimated construction cost of separable recreation features for the
Phoenix Reach is $6.8 million (Table 6.8, Main Report, November 1997 Draft) and for
the Tempe Reach, $685,000 (Table 6.9). The project is expected to attract over 500,000
visitors annually. Complete treatment of the proposed incidental and separable
recreation features is provided in Technical Appendix I.
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Schedule and Acquisition Plan:

26. There are no known obstacles or issues preventing the sponsor from accomplishing
all necessary acquisitions in keeping with the project schedule. The principal milestone
in the project schedule is the inclusion of the Rio Salado Flood Control Project in the
Water Resources Development Act (WRDA) of 1998. The project schedule is being
formulated such that the City of Tempe and the City of Phoenix will have acquired all
lands and real estate in advance of the signing of a Project Cooperation Agreement for
construction and implementation. The signing of a PCA is scheduled for the year 2000.
The present schedule anticipates project authorization to be passed in the WRDA of
1998. If this milestone is met, this will give the sponsor 2 years to complete land
acquisition. The City Of Phoenix and the City of Tempe are working on potential
acquisitions independently and in advance. They have been fully informed and notified
of all of their risks and potential liabilities of performing such advance acquisition work.

Attitude of Landowners.

27. There is no organized opposition known at this time. There are no known single
owners known to be opposed to the project at this time.

28. Special Note:

This report contains all the content items required in ER-405-1-12, Chapter 12, dated 28
May 1991, plus additional considerations where specific treatment of this project and its
real estate issues was specifically requested during review. Additional information
needed to support the real estate plan includes the cost estimate and detailed project
mapping which will be included later in a gross appraisal. The gross appraisal has a
delivery schedule of 8 weeks. Changes to the data reported here deriving from new
information as a result of the gross appraisal, including a specific LERRO cost estimate,
will be provided as errata sheets to this Real Estate Plan.

February 1998
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ASSESSMENT OF NON FEDERAL SPONSOR'S
REAL ESTATE CAPABILITY

Rio Salado Environmental Restoration Project
City of Phoenix

The sponsor is a duly organized municipal corporation.: in the State of Arizona.
Municipal corporations may acquire and hold title to land and may condemn land for
public purposes.

I Legal Authority

a. Does the sponsor have legal authority to acquire and hold title to real property for
public purposes? YES

b. Does the Sponsor have the power of eminent domain for this project? YES

c. Does the sponsor have "quick -take" authority for this project? YES

d. Are there any landslinterests in land required for the project located outside the
sponsor's political boundaries NO

e. Are there any landslinterests in land required for the project owned by an entity
whose property the sponsor cannot condemn NO'

II Human Resource Requirements

a. Will the Sponsor's in house staff require training to become familiar with real estate
requirement of Federal projects including P. L. 91-646, as amended? NO

b. If the answer to II a is "yes", has a reasonable plan been developed to provide such
training NOT APPLICABLE

c. Does the Sponsor's in house staff have sufficient real estate acquisition experience
to meet its responsibilities of the project? YES

d. Is the sponsor's in-house staffing level sufficient considering its other work load, if
any, and the project schedule? YES

e. Can the sponsor obtain contract support, if required, in a timely fashion? YES

f. Will the sponsor likely request USACE assistance in acquiring real estate? NO

III Other Project Variables:



a. Will the sponsor's staff be located within reasonable proximity to the project site?
YES

b. Has the sponsor approved the project/real estate milestones? YES

IV. Overall assessment:

a. Has the sponsor performed satisfactorily on other USACE projects NOT
APPLICABLE

b. With regard to the project the sponsor is anticipated to be
FULLY CAPABLE

V. Coordination.

a.. Has this assessment been coordinated with the local sponsor? YES

b. Does the Sponso'r concur with this assessment YES

Prepared by:

~~/J~
Steven R. Gale
Realty Specialist

Reviewed and Approved by:

j"4A~
RICHARD N. GUTHRIE
Chief, Real Estate Division.
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ASSESSMENT OF NON FEDERAL SPONSOR'S
REAL ESTATE CAPABILITY

Rio Salado Environmental Restoration Project
City of Tempe

The sponsor is a duly organized municipal corporation in the State of Arizona.
Municipal corporations may acquire and hold title to land and may condemn land for
public purposes.

I Legal Authority

a. Does the sponsor have legal authority to acquire and hold title to real property for
public purposes? YES

b. Does the Sponsor have the power of eminent domain for this project? YES

c. Does the sponsor have "quick -take" authority for this project? YES

d. Are there any lands/interests in land required for the project located outside the
sponsor's political boundaries NO

e. Are there any lands/interests in land required for the project owned by an entity
whose property the sponsor cannot condemn NO'

II Human Resource Requirements

a. Will the Sponsor's in house staff require training to become familiar with real estate
requirement of Federal projects including P.L. 91-646, as amended? NO

b. If the answer to II a is "yes", has a reasonable plan been developed to provide such
training NOT APPLICABLE

c. Does the Sponsor's in house staff have sufficient real estate acquisition experience
to meet its responsibilities of the project? YES

d. Is the sponsor's in-house staffing level sufficient considering its other work load, if
any, and the project schedule? YES

e. Can the sponsor obtain contract support, if required, in a timely fashion? YES

f. Will the sponsor likely request USACE assistance in acquiring real estate? NO

III Other Project Variables:



a. Will the sponsor's staff be located within reasonable proximity to the project site?
YES

b. Has the sponsor approved the project/real estate milestones? YES

IV. Overall assessment:

a. Has the sponsor performed satisfactorily on other USACE projects NOT
APPLICABLE

b. With regard to the project the sponsor is anticipated to be
FULLY CAPABLE

V. Coordination.

a.. Has this assessment been coordinated with the local sponsor? YES

b. Does the Sponsor concur with this assessment YES

Prepared by:

(c-- // e· /"
/<~~.,/ ,- --""...10-/<"-

Steven R. Gale
Realty Specialist

Reviewed and Approved by:

/fl,L.AA:.d~

RICHARD N. GUTHRIE
Chief, Real Estate Division.

•
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I-'HX C1IY AIIORNEY

•City of Phoenix
OFFICE OF THE CITY ATTORNEY

February 11, 1998 WInner gf the
Csrl Bemlsrnann

PrIze for

Steven R. Gale
United States Corps of Engineers
3636 North Central Avenue
Phoenix, Arizona 85012-1936

Re: Authority of City of Phoenix re Eminent Domain Powers

Dear Mr. Gale:

Roderick G. McDougall
City Attorney

·e'

e..

I am pleased to certify to you, in my capacity as ChiefAssistant City
Attorney of the City of Phoenix, the following,

The status of the City of Phoenix as a Charter City created under the
provisions ofArticle 13, Section 2 of the Arizona Constitution has been recognized by
several Arizona Supreme Court decisions, including specifically City ofPhoenix v. Elias,
64 Ariz. 95, 166 P.2d 589 (1946).

The Charter of the City provides as follows at Chapter IT, Section 2:

... the City of Phoenix sh.a11 have the further rights and powers, to wit:

(a) To acquire by purchase, condemnation or otherwise, and to establish,
maintain, equip, own and operate libraries, reading rooms, art galleries,
museums, parks, playgrounds andplaces ofrecreation. fountains, public

. baths, public toilets, public markets, market houses, abattoirs, dispensaries,
infirmaries, hospitals, charitable institutions, jails, houses of correction, work
houses, detention homes, morgues, cemeteries, garbage collection and garbage
disposal and reduction works, sewers, street cleaning and sprinkling plants,
quarries, waterways and canals and all other public buildings. places, works
and institutions.

.200 West Washington,Street, Suite 1300. Phoenix, ArizoN 85003·1611 602·262-6761
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(e) To acquire by purchase, condemnation or otherwise, within or without
the city, such land and other property as may be necessary for the
establishment. maintenance and operation of any public utility or to
provide for and effectuate any otherpublic purpose; and to sell, convey
and dispo~e of same for the common'benefit.
... [emphasis added]

In addition, A.RS. § 9·276 provides, in part, as follows:

A. In additio'n to the powers already vested in cities by their respective
charters and by general law, cities and their governing bodies may: '

1. Layout and establish, regulate the use, ope~ vacate, alter, widen,
extend, grade, pave, plant trees and otherwise improve streets, alleys,

. avenues, sidewalks, parks. public grounds and off-street parking sites and
acquire any property necessary or convenient for that purpose by the
exercise of the right of eminent domain.
. . . [emphasis added]

I attach a copy of A.RS. § 12-1111 which contains specific statutory
,authorization for the exercise of eminent domain powers by cities, and a copy of
A..R.S. §12-1116, which provides for the immediate possession ofproperty sought to be
acquired by eminent domain upon application to court, a hearing, a findi.ni ofnecessaxy
use, and the entry of an order of immediate possession conditioned upon the posting of
either money or a bond in the amount of the probable damages.

I have reviewed the Assessment ofNon Federal Sponsor's Real Estate
, Capability, and concur with all of the proposed answers.

Ifyou have any further questions as to more specific provisions of law or
case law dealing with the authority of the City under Arizona eminent domain law, I

•

•
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would suggest that you contact Mr. Kent Reinhold of our Law Department, since he has
practiced in this area for many years.

•

•

PMHlpp.CofE.EmDom.LtrAdmin.4805
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c. Peter Atonna
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-U301
ARIZONA REVISED STATUTES ANNOTATED

TITLE 12. COURTS AND CIVIL PROCEEDINGS
CHAPTER 8. SPECIAL ACTIONS AND PROCEEDINGS RELATING TO

PROPERTY
ARTICLE 2. EMINENT DOMAIN

Current through End ofthe 1997, lSI Reg. Sess.

§ 12..1111. Purposes for which eminent domain may be exercised

Subject to the provisions of this title, the right of eminent domain may be exercised by the state, a county,
city, town, village, or political subdivision, or by a person, for the follov.ing uses:

1. All public uses authorized by the government ofthe United States.

2. Buildings and grounds for any public use of the state and all other public uses authorized by the
legislature.

•

.3. Buildings .and grounds for the use of a county, city, town or school district.

4. Canals, aq~educts, flumes, ditches or pipes, for conducting water for the use of the inhabitants or for •
drainage of a county, city, town or village.

5. Raising the banks of streams, remoVIng obstructions therefrom, or widening, deepening or
straightening their channels.

6. Roads, streets and alleys, and all other public uses for the benefit of a county, city, town or village, or
the inhabitants thereof, which is authorized by the legislature. The method of apportioning and collecting the

.. costs of the improvements authorized by paragraphs 3, 4, 5 and 6 shall be as provided in the law by which
they are authorized.

7. 'Wharves, docks, piers, chutes, booms, ferries, bridges, toll roads, byroads, plank and turnpike'roads
and highways.

8. Steam, horse, mule, electric and cable railroads or railways.

9. Telegraph and telephone lines and conduits for public communication.

10. Electric light and power transmission lines, pipe lines used for supplying gas, and all transportation,
transmission and intercommunication facilities ofpublic service agencies.

11. A"iation fields.

12. Reservoirs, canals, ditches, flumes, aqueducts and pipes, for the use of a county, city> town or village,

Copyright (c) West Group 1997 No claim to original U.S. Govt. works •
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or its inhabitants, or for public transportation for supplying mines and other industrial enteIprises, farms and.
.farm neighborhoods with water for irrigation, domestic and other needful purposes, and for generating
electricity.•
ARS § 12-1111, Purposes for which eminem domain may be exercised

13. Draining and reclaiming lands, and for floating logs and lumber on nonnavigable streams.

Page 2

•

•

14. Roads, tunnels, ditches, flumes, pipes and dumping places for working mines, and outlets, natural or
otherwise, for the flow, deposit or conduct of tailings or refuse matter from mines, and an occupancy in
common by the owners or possessors of different mines, or any place for the flow, deposit or conduct of

.tailings or refuse matter from their several mines.

-11302 15. Byroads leading from highways to residences and farms.

16. Private canals, ditches, flumes, aqueducts and pipes for conducting water from natural water courses
or bodies or from public sources where the lands to be irrigated are not directly reached by such natural water
course or public ·sources.

17. Pipe lines to carry petroleum, petroleum products or any other liquid.

18. Rights ofway, station grounds, pits, yards, sidetracks and other necessary facilities for railways.

<General Materials (GM) - References, Annotations, or Tables>

lllSTORICAL NOTES

mSTORICALAND STATUTORY NOTES

1994 Main Volume

Source:
Civ.Code 1901, § 2445.
Laws 1907, Ch. 91, § l.
:Laws 1912, 1st S.S., Ch. 73, § 1.
Civ.Code 1913. § 3072.
Rev.Code 1928, § 1329.
Code 1939, § 27·901.
Adopted from California,~West.. Ann.C.C.P. § 1238 (repealed).

REFERENCES

CROSS REFERENCES

Compensation, determination and payment, sec Corut. Art 2, § 17.
Corporations, eminent domain, see Const. Art. 14, § 9.
Facilities p1:lnning and construction, see § 41·791.01 et seq.
Opening, widening and closing ofpublic ways, condemnation, see § 48-50I et seq.
Powers ofcourt, see § 12·1121.
Private property, see § 12-1114.
Radioactive waste storage and disposal, acquisition of land, see § 3().692.
Transportation purposes, condemnation, see § 28·1865.

LAW REVIEW AND JOURNAL COMMENTARIES

Copyright (c) West Group 1997 No claim to original U.S. Govt. works
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•
ARIZONA REVISED STATUTES ANNOTATED

TITLE 12. COURTS AND CIVIL PROCEEDINGS
CHAPTER 8. SPECIAL ACTIONS AND PROCEEDINGS RELATING TO

PROPERTY
ARTICLE 2. EMINENT DOMAIN

Current through End ofthe 1997, 1st Reg. Sess.

§ 12-1116. Actions for condemnation; immediate possession; money deposit

A. All actions for condemnation shall be brought as other civil actions in the superior court in the county
in w.~h the property is located. The plaintiff may, at the time of filing the complaint, or at any time
thereafter, make application to the court for an order permitting him to take possession of and use the
property sought to be condemned for the purpose prayed for.

B. Upon:filing the application, a time for hearing it shall be fixed, and notice thereof s~ed upon the
parties in intere~tby personal service within the state, or by publication ifwithout the state, in such manner as
the court directs.

C. On the day of the hearing, if it appears that the use for which the property is sought to be condemned is
a necessary use, the court shall receive evidence as to the probable damages to each owner, possessor or •
person having an interest in each parcel of land sought to be condemned and of any unpaid property taxes
v.irich have been levied, including penalties and interest, on the property sought to be cOndemned and may
direct that upon a deposit of money, or if the condemnor is the state, county, city, town, or political
subdivision thereof, a bond in a fonn to be approved by the court, the plaintiff shall be let into the possession
and full use of the parcels ofland. as described in the order, for the pUIposes therein specified.

D. The money or bond may be deposited with the clerk of the court or the state treasurer at the election of
the plaintiff and held for the use and benefit of each person having an interest in each parcel of land sought to .

be condemned, subject to final judgment after trial of the action, and held also as a fund to pay any further
damages and costs recovered in the proceedings and any unpaid property taxes which were levied as of the
date Qf the order for immediate possession, including penalties and interest, on the property sought to be
condemned, as well as all damages sustained by the defendant if for any cause the property is not finally taken
for public use. The deposit of the money or bond shall not discharge the plaintiff from liability to maintain

.. :. the fund in full, but it shall remain deposited for all accidents, defalcations or other contingencies, as between
the parties to the proceedings, at the risk of the plaintiff, until the compensation or damage is finally settled
by judicial determination, !lD.d the court awards such part thereof as shall be determined to the defendant, or
until the clerk or the state treasurer is ordered by the court to disburse it. The clerk of the court or the state
treasurer shall be liable to the plaintiff for the deposit or bond if it is lost or abstracted.

~11335 E. Ifthe plaintiff elects to deposit the money or bond in the state treasury. the state treasurer shall
receive the money or bond and return a receipt therefor to the court and the state treasurer shall safely keep

.. such deposit in a special fund to be entered on his books as the condemnation fund. The state treasurer shall
invest and ~einvest the monies in the condemnation fund in the same class of securities or investments as set

Copyright (c) West Group 1997 No claim to original U.S. Govt. works •
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, forth in § 35-313. The state treasurer shall disburse the money deposited and, if necessary, convert such
investments to cash for the purpose of making such disbursements or forfeit the bond as the court may direct
pursuant to its judgment. After satisfaction of the judgment in a condemnation action and payment of any
unpaid property taxes which were levied as of the date of the order for immediate possession, including
penalties and interest, on the property sought to be condemned, the excess, if any, of the deposit made
regarding such action, including monies earned by the investment and reinvestment of such deposit, shall be
returned by the state treasurer to the plaintiff by a warrant which the department of administration shall issue
upon direction of the state treasurer after having received a certified copy of the judgment and without regard
to provisions requiring the filing of a claim against the state. Any monies remaining in the condemnation
fund at the end of the fiscal year shall not revert to the state general fund.

•
ARS § 12-1116, Actions for condemnation; immediate possession; money deposit Page 2

•

•

F. If the plaintiff elects to deposit the money or bond with the clerk of the court, the clerk shall receive the
money or bond and return a receipt therefor to the court and the clerk shall be liable to the plaintiff if the
money or bond is lost or abstracted. The clerk shall disburse the money or forfeit the bond as the court may
direct pursuant to its judgment. Any money remaining in a deposit after the judgment of the court and all
unpaid property taxes which were levied as of the date of the order for inunediate possession, including

" penalties and inta'est, have been fully paid shall be returned by the clerk to the plaintiff.

G. The parties may stipulate as to the amount of deposit, Qr for a bond from the plaintiff in lieu of a
deposit.

H. The parties may also stipulate that both:

1. The plaintiff may deposit with the clerk of the court the amount in money for each person in interest
which ,the plaintiffs valuation evidence shows to be the probable damages to ea.cl1 person in interest

2. Each person in interest may, on stipulation and order of the court, withdraw the amount which the
plaintiff has 'deposited for his interest less the amoWlt of any property taxes which were levied as of the date
of the order for immediate possession, including penalties a.ng interest, on the property sought to be
condemned.

L A Person in interest for whom a deposit has been made pursuant to stipulation for his withdrawal is
entitled to interest on the amount that he is allowed to withdraw from the date the order for immediate
possession is signed by the court pursuant to subsection C of this section until the date of withdrawal. This
person is also entitled to interest on that portion of the final judgment, exclusive ofcosts allowed by the court,
which exceeds the amo~t which is deposited for his withdrawal from the date the order for inuilediate
possession is signed by the court until the judgment is paid. Should the amount which is withdrawn by any
defendant exceed the amount of the final judgment awarded the defendant inclusive of costs allowed by the
court and any unpaid property taxes which were levied as of the date of the order for immediate possession,
including penalties and interest, on the property sought to be condemned, such defendant withdrawing the
funds shall forthwith repay to the pla.iPtiff such excess, with legal interest from the date of withdrawal to the
date of repayment, except that the amount that is necessary to pay any unpaid property taxes which were
levied as of the date of the order for immediate possession, including penalties and interest, on the property
shall be paid to the county treasurer of the county in which the property sought to be condemned is located.

Copyright (c) West Group 1997 No claim to original U.S. Govt. works
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Potentially affected property owners at Tempe Cienega from McKellips to Curry Roads •
ANessorPaa Parcel rake

Ownership Number Size Acreage Use{s)

MCFee 132"()7~F 0.03+/- NJC Indian Bend Wash &Golf Course
MCFCe 132..()70003E 11.00+/- NIC Indian Bend Wash &Golf Course
MCFCe 132..()70003F 0.12+/- NIC Indian Bend Wash &Goff Course
MCFee 132..()8.()()1W 11.89+/- NJC Indian Bend wash &Golf Course
MCFee 132..Q8-012 1.10+/- NJC Indian Bend wash &Golf Course
MCFCe 132-09-001B 23.89+/- NIC Indian Bend wash &Goff Course
MCFCe 132-09-002 0.05+/- WC Indian Bend wash &Goff Course
MCFee 132-1~2E 9.65+/- WC Indian Bend wash &Golf Course
MCFCe 132-14-002K •.63+/- NJC Indian Bend Wash &Golf Course
MCFCe 132-1~J 0.23+/- NJC Indian Bend Wash &Golf Course
MCFCe 132-1~3l 0.66+/- WC Indian Bend Walh & Golf Course
MCFee 132-1~3U 3.30+/- WC Indian Bend Wash & Golf Course
MCFCe 132-1~A 4.94+/- WC Indian Bend Wash & Golf Course

City of Tempe 132..()7..()()2C 0.07+/- WC Indian Bend Wash
City of Tempe 132..()7..()()2e 0.02+/- WC Indian Bend Wash

U.S BlM 132-14-006 O.~+/-· WC Indian Bend Wash

Potentially affected property owners at Tempe Cienega from Curry Road to Salt River •Assessor Parcel Parcel rake
Ownership Number SiZe Acreage Use{s)

MCFce 132-17"()()1C 1.87+/- WC Indian Bend Wash
MCFCe 132-17"()02G 14.00+/- NlC Indian Bend Wash
MCFCe 132-17"()()3A 1.51+/- NlC Indian Bend wash
MCFCe 132-17-OO5E 2.68+/- NlC Indian Bend Wash
MCFCe 132-17..Q06A 1.38+/- NlC Indian Bend wash
MCFCe 132-17..Q06B 0.48+/- NlC Indian Bend Wash
MCFCe 132-17..()()7C 1.37+/- NJC Indian Bend wash
MCFCe 132-17.Q07F 0.35+/- NlC Indian Bend Wash

Potentially affected property owners from McClintock Road to Indian Bend Wash

AlMSIO" Parcel Parcel rake
Ownership Number Size Acreage Use{s)

Arizona Board of Regents 132-32"()()30 13.n+/- NlC Vacant

City of Tempe 132-32-004B 19.51+/- NJC Vacant

City of Tempe 132-32.Q0040 25..a+/- NIC Vacant

U.S. BLM 132-31~ unknown NlC Salt River Channel

U.S. BlM 132-32-000 unknown NlC Salt River Channel

MCFCO 132-31"()()3B 1.6+/- NlC Salt River Channel •



•
Listing of potentially affected property owners along 19th Avenue to 7th Avenue

Assessor Parcel . Parcel rake
Ownership Number SiZe Acr!!ge Use(I)

City of Phoenix 105-33-O()gB 7•.2+/- NIC Superfund Site
City of Phoenix 105-38-010 17.1+/- WC Superfund Site
City of Phoenix 105-38-OO8A 67.9+/- NIC River Channel & Superfund Site
City of Phoenix 105-38-008B 1.1+/- NIC River Channel
City of Phoenix 105-53-013A 1.i+/- NIC River Channel
City of Phoenix 105-53-013C 32.0+/- NIC River Channel & Superfund Site
City of Phoenix 105-53-01.. 3.3+/- NIC Superfund Site
City of PhoeniX 10S-SJ-01eA 24.•·'- HlC River Channel & Superfund Site

City of Phoenix 105-53-018A 8.2+/- NJC Superfund Site
City of Phoenix 105-53-0330 4.8+/- WC River Channel
City of Phoenix 105-53-033F 2.3+/- WC Vacant
City of Phoenix 105-53-<l33H 0.9+/- WC Vacant
City of Phoenix 105-54~1C 2.4+/- WC River Channel

Robert Peters 105-53-025C 4.4+/,. NIC Vacant
Robert Peters 105-53-027B 0.3+/- . N/C Vacant

• Robert Peters 105-53-<>33J 16.5+/- N/C Vacant & River Channel

Western Block 105-53-015H 1.8+/- NIC Manufacturing
Western Block 105-53-027A 2.4+/- WC Manufacturing
Western Block 105-53-033G 1.7+/- WC Manufacturing

Robert Linsenmeyer 105-36-029 14.5+/- WC Gravel Pit

McDonald & Wlhelm 105-38-001A 78.1+/- N/C Gravel Pit & River Channel
McDonald & Wilhelm 105-38-002B 31.8+/- WC Gravel Pit & River Channel
McDonald & Wlhelm 105-38-003 2.6+/- WC Gravel Pit

City of Phoenix 105-38-001B 1.6+/- WC River Channel
City of Phoenix 105-38-004 1...6+/- NIC Vacant & River Channel

United Metro Mamrills 105-54-001B 27.i+/- NIC Gravel Pit & vacant
United Metro MaWriaII 105-504-0010 33.3+/- NIC Gravel Pit
United Metro Materials 105-504-002B 38.2+/- NIC Gravel Pit
United Metro MatariaJs 105-38-005 1.8+/- NIC Landftn
United Metro Materials 105-38-OO6C 2.8+/- WC Landftn

United Metro Matarials 105-~7 21.7+/- NIC Landftll

•



•
Listing of potentially affected property owners along 7th Avenue to Central Avenue

Assessor Parcef Parcel Take
Ownership Number Size At;reage Use(s)

City of Phoenix 11J.()1-OO18 ~.8+/- NJC Vacant &River Channel
City of Phoenix 11J.()1-OO1C 26.2+/- NJC Vacant &River Channel

United Metro Materials 11J.()1-OO10 6.7+/- NJC Gravel Pit
United Metro Materials 113-C1-oo4A 18.1+/- NlC Gravel Pit & Quarry Facility
United Metro Materials ; 13-C1-OOS 0.8+/- NlC Quarry Facility
United Metro MateriaJs 113-C1-OO3A 8.2+/- NJC Quarry Facility
United Metro Materials 113-C1-oo6A 9.9+/- NlC River Channel &Quarry
United Metro Materials 113-C1-Q02 1.0+/- NlC River Channel
United Metro Materials 113-C1-OOS8 15.1+/- NlC Gravel Pit & Quarry Facility
United Metro Materials 113~1-OO8A 18.1+/- NlC Gravel Pit
United Metro Materials 113-C1-OO7 11.6+/- NIC Vacant

United Metro Materials 112~5-004 unknown NlC Vacant
United Metro Materials 112~5-011 unknown NlC Vacant
United Metro Materials 112~5-012 unknown. NlC Vacant
United Metro Materials 112~5-01~ unknown NlC Vacant
United Metro Materials 112~5-0160 unknown NlC Vacant •United Metro Materials 112~A unknown N/C Landfill
United Metro Materials 112~5A unknown N/C Landfill
United Metro Materials 112.46-0130 unknown NlC Landfill
United Metro Materials 112.46-013E unknown N/C Landfill
United Metro Materials 112.46-01~A unknown NlC landfill
United Metro Materials 112.46-02~ unknown NlC Landfill-

Listing of potentially affected property owners along Central Avenue to 7th Street

City 0 Phoenix 112~7-OO20 unknown NJC River Channel
City of Phoenix 113-08-0028 1.3+/- NlC Landfill & River channel
City of Phoenix 113-0~20 6.0+/- NlC landfill

CalMat Properties 112~7-OO2E 16.~+/- NlC River Channel

CalMat Properties 113-08-002C 1~.1+/- NlC River Channel

CalMat Properties 113-08-003A 17.~+/- NIC River Channel

C8lMat Properties 113-C~10 10.1+/- NJC Landftll

calMat Properties 113-08-001E 1.S+/- NlC landftll

CalMat Properties 113-08-001F ~.1+/- NIC Landftll

CalMat Properties 113-08-004C 11.2+/- NIC LandflU

calMat Properties 113-08-0040 7.3+/- NIC Vacant

City of Phoenix 113-08-0038 0.7+/- NlC River Channel •City of Phoenix 113-08-003C 0.7+/- NIC River Channel



• listing of potentially affected property owners along 7th Street to 16th Street

Assessor Parcel Parcel Take
Ownership Number Size Acreage Use(s)

City of Phoenix 11~~2F 0.6+/- NJC River Channel
City of Phoenix 11~~2H 0.8+/- NlC River Channel
City of Phoenix 113-15-001P 1.•+/- WC River Channel

CalMat Properties 113-15-001R 5.1+/- NlC Vacant
CalMat Properties 113-15-0010 6.8+/- NJC Vacant

CalMat Properties 113-15-0010 0.3+/- WC Vacant

City of Phoenix 113-15-001K 0.5+/- NlC Vacant
City of Phoenix 113-15-001M 1.6+/- NlC Vacant
City of Phoenix 113-15-001T 72.5+/- NlC Old Landfill with Park
City of Phoenix 113-15-001S 0.3+/- NlC Old landfill with Park
City of Phoenix 113-17-005 10.6+/- NlC Old Landfill with Park
City of Phoenix 113-17-002 1.5+/- N/C Old Landfill with Park
City of Phoenix 113-17-001 1.5+/- NlC Old Landfill with Park

City of Phoenix 113-17-008 0.8+/- NlC Old Landfill with Park

City of Phoenix 113-22-OO3C 8.6+/- NlC Old Landfill with Park

• City of Phoenix 113-22-Q04E 65.7+/- NlC Old Landfill with Park

City of Phoenix 113-22-007 0.4+/- NlC Old Landfill with Park

City of Phoenix 113-22-OO1H 10.3+/- NlC River Channel

CalMat Properties 115-49-002J 2.7+/- NlC River Channel

CalMat Properties 115-5Q-002G 0.9+/- NlC River Channel

CalMat Properties 113-15-001W 0.7+/- NlC River Channel

CalMat Properties 113-15-001X 0.3+/- NlC River ChanneJ

CalMat Properties 113-22..Q01J 21.7+/- NlC Vacant

CalMat Properties 113-22.Q02A 1.5+/ NlC River Channel

CalMat Properties 113-22-0030 23.4+/- WC River Channel

CalMat Properties 113-22-OO1K 1.6+/- NlC River Channel

•



Listing of potentially affected property owners along 16th Street to 24th Street •Assessor Parcel Parcel Take
Ownership Number Size Acreage Use(s)
City of Phoenix 122-29-0020 5.0+/- WC River channel

City of Phoenix 122-29-0038 3.3+/- WC River channel
City of Phoenix 122-29-005C 9.6+/- WC River channel

Jewell Porterie 122-29-004A 6.6+/- WC River channel

CalMat Properties 122-29-005K 48.7+/- WC Vacant

CalMat Properties 122-26-003C 33.5+/- N/C landfill
CalMat Properties 122-26-0018 32.8+/- NlC Landfill

CalMat Properties 122-29-002E 2.1+/- NlC River Channel
CalMat Properties 122-29-003A 25.1+/- NlC Gravel Pit
CalMat Properties 122-29-005J 13.3+/- NlC River Channel
CalMat Properties 122-29-007 29.3+/- N/C Gravel Pit
CalMat Properties 122-32-121 10.7+/- N/C Vacant
CalMat Properties 122-29-004A 78.7+/- NlC Gravel Pit & River Channel
CalMat Properties 122-34-002 4.3+/- . N/C Gravel Pit
CalMat Properties 122-34-o01C 30.9+/- NlC Gravel Pit

CalMat Properties 122-30-0838 3.3+/- N/C Vacant •CalMat Properties 122-30-084 3.2+/- N/C Vacant

City of Phoenix 122-26-o02A 3.8+/- NlC River Channel & Vacant

Listing of potentially affected property owners along 24th Street to 1-10 Bridge

Assessor Parcel Parcel Take
Ownership Number Size Acreage Use(s)
City of Phoenix 122-25-002M 4.7+/- N/C River Channel & Vacant

City of Phoenix 122-25-003A 0.5+/- N/C River Channel

Robert Mcintyre 122-25-0038 7.9+/- NlC Salvage Yard

CalMat Properties 122-25-002l 69.9+/- NlC River Channel & Vacant

CalMat Properties 122-25-Q04G 48.8+/- NlC Gravel Pit

CalMat Properties 122-25-001 1.0+/- NJC River Channel

CalMat Properties 122-2.-OO2G 2.1+/- NlC Gravel Pit

CalMat Properties 122-24-003G 4.7+/- NlC Vacant

State of Arizona - AOOT 122-2~F 9.1+/- NIC River Channel & Gravel Pit

State of Arizona - AOOT 122-25-002G 0.9+/- NlC River Channel

State of Arizona - AOOT 122-24-0020 6.1+/- NlC River Channel •State of Arizona - AOOT 122-2.-ao3F 20.3+/- NlC River Channel & Vacant

State of Arizona - AOOT 122-24-002K 18.2+/- NlC River Channel & Vacant
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Rio Salado

Geotechnical Appendix

Existing Conditions

Regional Geology

The project area is in the Phoenix basin of the Salt River Valley.
Metropolitan Phoenix is located geomorphically within the Gila
Lowland Section of the Sonoran Desert Subprovince, a part of the
Southern Basin and Range Physiographic Province. This province is
characterized by broad, gently sloping, connected alluvial valleys
(basins) bounded by moderately high northwest to southeast trending,
rugged mountains (ranges). During late Miocene time (Tertiary
period), the mountain ranges were extensively dissected uplifted and
down dropped by northwest to southwest and east to west trending sub
parallel normal faults (Reynolds 1988). An extensive amount of
volcanic eruptions and activity accompanied the faulting. After late
Miocene time and until the late Tertiary period, the ranges deeply
eroded and filled their down dropped areas (basins) with sediments,
which were later consolidated into sedimentary rocks. After the late
Tertiary and until recent (Holocene) time, the basins, including the
Salt River Valley, filled with unconsolidated and occasional semi
consolidated sediment eroded from the ranges. The thickest
accumulations of Valley alluvium formed during the early to middle
Quaternary period.

Today the alluvium of the Salt River Valley is in the final stages
of development as evidenced by the numerous low-lying isolated hills
(inselbergs), which project above the valley surfaces. These hills
represent peaks of former mountain ranges that are now almost
completely buried by alluvial material.

The mountain ranges that border the project area consist mostly of
Tertiary age sedimentary and volcanic rocks that lie unconformably
upon an ancient Precambrian igneous and metamorphic basement complex
(AGS 1986). The complex is composed predominantly of igneous granite
and diorite, metamorphosed schist, gneiss and volcanic rock. The
Tertiary rocks are made up of volcanic basalt, andesite, rhyolite and
sedimentary sandstone, siltstone and conglomerate.

The Phoenix basin consists of Quaternary sediments that constitute
the valley fill. They consist mostly of poorly to well consolidated
(cemented) and unconsolidated gravel, sand, silt, and clay,
representing several environments and ages of deposition. The total
thickness of the alluvial materials range from near zero meters along
the mountain fronts to 3,000 meters under the valley interior.

Geology of the Project Area

The Rio Salado project extends a total of approximately 10.6 km
east and west along the Salt River, which flows west into the Phoenix
Basin from the Superstition and Goldfield mountain ranges. The width
of the Salt River floodplain is approximately 1.5 km within the



gentle, flat slopes of the Basin, but is restricted to less than ~ km
near Tempe Butte, west of Tempe. Here, the river alluvium is
confined to the north by Papago Buttes and to the south by Tempe •
Butte.

The predominant surface materials within the Rio Salado project
area consist of Quaternary age river sediment deposited as alluvium
and terraces and to a lesser extent sheet wash deposited alluvium and
slope deposited colluvium. Thick layers of alluvium and terrace have
accumulated within the major streams, tributaries and flood plains of
the Salt River. Streambed alluvium and terraces are flanked, covered
and underlain by thinner layers of wind and sheet wash deposited
alluvium and bedrock colluvium.

Quaternary sediments consist of: 1) Salt River Valley alluvium and
terraces - approximately 83-1,425 meters of unconsolidated to well
cemented gravel and boulders, interbedded with irregular silt, sand
and gravel lenses; and 2) Colluvium- approximately 1.5-75 meters of
loose to well-cemented silt, sand, clay and gravel.

The Salt River alluvium thickens towards the east and west of
Tempe Butte gap, in the city of Tempe (figure 1). At the gap,
streambed deposits average less than 75 meters thick and in some
places bedrock is exposed. A significant exposure of Precambrian age
granite occurs in patches at the streambed surface along a 2.5 km
length of the channel just west of the gap.

Salt River Valley terrace deposits lie exposed 1.5-117 meters
above the Salt River channel, mostly beyond the project boundaries •
(near the perimeters of the Salt River flood plain) (AGS 1978). The
terraces consist of thick well-cemented to non-cemented sand and
gravel and are considered older than the alluvium within the confines
of the Salt River. However, contacts between the two types of
deposits are gradational at depth, which means they are
undifferentiated and remain both of Quaternary age. The terrace and
alluvial deposits in turn overlie thick Tertiary sedimentary and
volcanic rocks beneath the basin and interface with Tertiary rocks
along mountain ranges and inselbergs. The very thick Precambrian
basement complex underlies basin terrace and alluvium at maximum
depths of greater than 1,000 meters or greater.

Faults

Faults in central Arizona are generally short, discontinuous,
normal faults, some of which have been interpreted to displace
Quaternary formations. Most fall within the Jerome-Wasatch
Structural Zone, a 75 km wide band which extends from Utah into
Mexico. In Utah, the zone is associated with current earthquake
activity and displays evidence of abundant Quaternary faulting. In
Arizona, the zone includes the Main Street Fault in the northwest
corner of the state and the Verde Fault located approximately 90 km
north of the Rio Salado. Both faults are considered to be
potentially active.

Within the study area, a zone (approximately 400 meters wide) of
exposed, Tertiary age inactive normal faults, exists just north of •



•

•

•

Tempe Butte gap. The zone trends northwest to southeast and is
located approximately 333 meters north-northwest of the edge of the
Salt River and extends northwestward where it ends at a distance of
approximately 4,400 meters from here. An east to west trending
(approximately 1,760 meter long) Tertiary age fault lies concealed
below the alluvium, in the middle of the Salt river, at Tempe Butte
Gap.

Seismicity

An evaluation of the geologic and seismic conditions within a 162
km radius of the project area indicates that the proposed project is
in an area of low seismicity as referenced in Zone 1 of the Seismic
Zone Map of the Contiguous States (U.S. Army, Corps of Engineers,
1983). About 30 earthquakes with maximum epicentral intensities
between II and VI on the Modified Mercalli Intensity Scale (MM) have
occurred within a 162-km radius of the project area from 1870 through
1980. The seismic historical record for the last 124 years indicates
that only one major damaging earthquake (1887 Sonora, Mexico) has
occurred and was located outside the 162-km radius.

The historical 1887 7.2M Sonora, Mexico earthquake was located more
than 411 km from Tempe, AZ, and expressed 50 kilometers of surface
rupture with 3 meters of normal displacement, causing rockfalls in
the project area. The most recent (1974) events, located about 24 km
northeast of the project area, had recorded Richter magnitudes of
only 2.5 and 3.0.

Ground Water

The project area overlies portions of the principal aquifer within
the Phoenix Basin that consists of Quaternary and late Tertiary
alluvium and late Tertiary bedrock.

The Basin groundwater flow moves generally east to west, from the
Salt River toward a major cone of depression near Luke Air Force
Base, approximately 24 km (15 mil west of Phoenix (USGS 1952). To a
lesser extent, groundwater also flows in a northwestward direction
toward a second cone of depression in the Deer Valley area.

Recharge to the groundwater basin is derived from seepage of
irrigation waters, Salt river flows, rainfall, and underflow of
groundwater. Recharge from streamflow and rainfall is minor, and the
amount of recharge from irrigation seepage and underflow has not been
high enough to offset progressive lowering of the water table.

Long-term groundwater withdrawal, since the 1940's, has resulted in
a general decline in water levels from 67-100 meters (200-300 ft)
throughout the Phoenix Basin. However, water-level declines have
usually been less than 16.5 meters (50 ft) near the Salt River. The
overall trend indicates a progressive decline in water levels
westward from the project area toward Luke Air Force Base and
northwestward toward Deer Valley.



Hydrogeolagy

Ground water at the Rio Salado project site occurs within three •
major and one minor hydrogeological units that are bounded below by
impermeable Tertiary and Precambrian basement rocks (USEPA 1991). A
north looking conceptual regional hydrogeologic cross section
(profile) of the Upper Alluvial Unit (UAU) , Middle Alluvial Unit
(MAU) and Lawer Alluvial Unit (LAU) , less the Red Unit, is seen in
figure 1 (~ 1993). An eastward looking local hydrogeologic
profile showing the three alluvial units and the Red unit is seen in
figure 2 (USEPA 1993). The amount of storage and flow within the
units varies considerably with area and depth (USEPA 1993). The four
hydrogeologic units are derived from Phoenix Basin alluvial
materials. The units are described as the following (their age
increasing with descending order) (ADWR 1993) :

The base of this unit occurs atop the Middle Alluvial Unit
(MAU) at approximately 37 to 57 meters below ground surface at
Tempe and approximately 117 meters below ground surface at
Phoenix (figure 2). The unit was formed during the final stages
of alluvial development of the Phoenix Basin, approximately
late Pleistocene to recent (Holocene) time. Unit lithology
consists of unconsolidated sand, gravel, cobble and boulders
with local thin interlayered beds of clay and silt. The unit
is a semi-perched to unconfined aquifer that is both saturated
and unsaturated and exhibits the following aquifer
characteristics (USEPA 1990) :

Hydraulic Conductivity (K) The K within this unit at Tempe
is approximately 10 to 125 meters/day, higher than the 70
meters/day at Phoenix. K measured within this unit throughout
the Phoenix basin is approximately 8 to 85 meters/day.

A~uifer Thickness - The thickness of this unit is approximately
37 to 57 meters at Tempe and approximately 117 meters at
Phoenix.

Water Level (measured from approximately 1990 to 1993)
The water levels in this unit measure approximately 17 to 40
meters below ground surface at Tempe and approximately 7 to 13
meters below ground surface at Phoenix. Ground water levels
have risen as much as 15 meters within this unit at Tempe,
Arizona in response to recharge events (USEPA 1993). Ground
water levels at Phoenix fluctuate between 7 to 10 meters during
both discharge and recharge events, but rise 0.23 to 0.43
meters per day during recharge from flood events (Dames & Moore
1991). Overall, the ground water levels within the unit across
the project decline approximately 12 meters per year in
response to discharge events (Dames & Moore 1991) .

Aquifer Production - Approximately 25% of the ground water
pumpage in the Phoenix basin is directed towards this unit. A
very large portion of the ground water is used for agriculture.
Little or none of the water is used for drinking water purposes
(Wilson 1991) .

•
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This unit underlies the UAU and is in contact with the Lower
Alluvial Unit (LAU) at approximately 83 to 267 meters below
ground surface at Tempe and 200 to 317 meters below ground
surface at Phoenix (figure 2). This unit was formed during the
middle stages of alluvial development of the Phoenix Basin,
approximately late Tertiary to late Pleistocene time. Unit
lithology consists of weakly cemented interlayered beds of
clay, silt, sand and gravel. This unit is a semi-confined
saturated aquifer that exhibits the following aquifer
characteristics (USEPA 1993) :

Hydraulic Conductivity (K) - The K within this unit at Tempe
is approximately 0.85 to 25 meters/day and approximately 1 to
10 meters/day within the Phoenix Basin.

Aquifer Thickness - The thickness of this unit is
approximately 47 to 210 meters at Tempe and approximately 83 to
200 meters at Phoenix.

Semi-Confining Layer - This unit is generally comprised of more
than several discontinuous semi-confining layers that consist
predominantly of silt and clay.

Water Level (measured from approximately 1990 to 1993) - The
water levels in this unit measure approximately 52 to 67 meters
below ground surface at Tempe.

Aquifer Production - Approximately 50% of the ground water
pumpage in the Phoenix basin is directed towards this unit. A
large portion of the ground water is used for agriculture. A
smaller portion of the ground water is used for drinking water
purposes (Wilson 1991) .

This unit underlies the MAU and is in direct or fault contact
with the Red Unit at an unknown depth within the project area.
This unit was formed during the early stages of alluvial
development of the Phoenix Basin, approximately late to middle
Tertiary time. Unit lithology consists of weakly to strongly
cemented gravel, boulders, sand, sandy clay, silty sand and
interlayered beds of clay. This unit is a semi-confined
saturated aquifer that exhibits the following aquifer
characteristics (USEPA 1993) :

Hydraulic Conductivity (K) - The K within this unit is higher
than the MAU and averages approximately 4.8 (9 feet/day) to 95
meters/day (450 feet/day) at Tempe and approximately 1 (5
feet/day) to 25 meters/day (60 feet/day) within the Phoenix
Basin.

Aquifer Thickness - The thickness of this unit is unknown.



Semi-Confining Layer - This unit is generallY'comprised of more
than several discontinuous semi-confining layers that consist
predominantly of clay and mudstone.

Water Level (measured from approximately 1990 to 1993) - The
water levels in this unit measure approximately 55 to 71 meters
below ground surface at Tempe.

AQuifer Production - Approximately 25% of the ground water
pumpage in the Phoenix basin is directed towards this unit. A
large portion of the ground water is used for agriculture. A
smaller portion of the ground water is used for drinking water
purposes (Wilson 1991) .

The Red Unit underlies the LAU and overlies Tertiary and
Precambrian basement rocks at unknown depths within the project
area. The Red Unit was formed during the earliest stages of
alluvial development of the Phoenix Basin, approximately late
Miocene (Tertiary) time. T4e Red Unit lithology consists of
debris flow materials comprised of reddish well-cemented
breccia, conglomerate, sandstone and siltstone rock. The Red
Unit is a saturated aquifer and it is not know whether it is
confined or unconfined. Aquifer characteristics for the Red
Unit are unknown, except that it's ground water likely
originates from within faults and fracture zones within bedrock
(ADWR 1993) .

Ground water movement and connection within all three of the upper
alluvial units is mostly lateral and somewhat vertical. Vertical
ground water flow occurs through a combination of leakage through all
three unit geologic contacts and through water wells that extend
vertically across more than one unit, but is more prevalent in Tempe,
where a steeper vertical ground water gradient exists. The vertical
and lateral ground water movement between the Red Unit and the LAU is
unknown.

Ground Water Contamination

At present, all of the HTW contamination to the ground water within
or near the project has been attributed to Volatile Organic Carbons
(VOCs) leaching into the ground water. VOC leaching has occurred
from either mismanaged storage, pumping into ground water and/or
improper dumping of VOC and related chemical compounds at Superfund
sites located within or near the project boundaries. VOCs have been
detected within the UAU and MAU, but not the LAU or Red Unit. There
is no direct evidence that surface water recharge from the Salt River
has contaminated the three alluvial aquifers with Hazardous and Toxic
Waste (HTW) unless such recharge has been associated with the
Superfund sites.

•
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Subsidence

Available information suggests that subsidence in the project area
has not occurred. Ground failure in the form of (pumping) subsidence
and earth-fissures has occurred in other areas of the Phoenix Basin.
The closest ground failure occurrences to the project area are near
Luke Air Force Base, approximately 24 km from the site, where .3 to 1
meters of subsidence has been measured and exhibits the shape of a
3.2 km (2 mil diameter "bowl" depression.

Earth-fissures and subsidence are both produced by groundwater
(pumping) withdrawal, whereby ground (soil) compresses (subsides)
because it has lost the support of water within its pores. Earth
fissures develop when the soil subsides differentially and pulls
apart.

The Phoenix area will continue to be affected by subsidence because
of groundwater overdraft, principally where ground water withdrawal
is most severe.

Previous Explorations

Limits of the project area were explored by the Corps in 1957 by
drilling 5 power-auger soil holes with 45.7 cm (18-inch) diameters.
The exploratory borings ranged in depth from 5 to 7 meters (15 to 21
ft). Soil was also examined by logging 4 vertical sections in 4
gravel pits. The thickness of these sections ranged from 4.5- 15
meters (13.5 to 45 ft). The materials encountered during the
exploration were predominantly granular.

Stone Sources

Two stone borrow sites have been identified as sources of
construction material and are available for use, in the event an
engineering design is proposed for the Rio Salado project. The two
stone quarries are less than 16 km (10 mil from the site and have
produced stone for previous Corps flood control projects at the
Arizona Diversion Canal and Indian Bend Wash areas. Stone from both
quarries exhibit a good service record and passed all rock quality
compliance tests. The quarries are listed as:

Material suitable for fill and backfill can be obtained from the
required excavation. Processing to remove oversize may be required.•

Sunstate Rock and Materials and
-located 20th St. and E.
Beardsley Rd, Phx, AZ.
-passed rock 1990 quality
tests.
-passed 1994 visual
inspection.
-produces granite.

Source of Fill and Backfill

Salt River Sand & Rock
-located at Dobson & McKellips

Rds, Phx, AZ.
-passed 1994 rock quality
tests.
-passed 1994 visual
inspection.

-produces green schist.
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CONCRETE MATERIALS

Aggregates for Construction

Concrete aggregate sources investigated in previous studies are
described below. Each general source is identified by the stream
from which materials are taken. Future studies would require re
evaluation of these sources in accordance with SPD policy. On-site
sources will be investigated and evaluated for production of
aggregates for use in construction.

SALT RIVER

Sands and gravels from the Salt River are historically the oldest
producing sources of aggregates for the Phoenix area. Coarse
aggregates and cobbles are generally present in sizes to 300 mm. In
some cases material as large as 600 mm is available. Some deposits
have run out of sizes larger than gravels. The percentage of sand in
these sources is adequate for economical concrete construction.

CAVE CREEK

The Cave Creek sources have cobbles to 600 mm. A sufficient quantity
of coarse aggregates is available. Some of the plants are importing
sand from the Agua Fria River.

AGUA FRIA RIVER

The Agua Fria sources are the youngest sources being mined in the
Phoenix area at this time. The maximum size of material generally
varies between 300 to 450 mm, with a larger proportion of sand than
other sources. The Agua Fria sources should have sufficient material
to satisfy all construction needs.

Cement

There are two major producers of cement in the state of Arizona who
are presently producing cements which are pre-qualified by the
Waterways Experiment Station for use in Corps of Engineer's projects.
These plants are the Phoenix Portland Cement Corporation at
Clarkdale, approximately 130 kilometers north of the project site;
and the Arizona Portland Cement Company at Rillito approximately 210
kilometers southeast of the project site. Additional cements would
be available from the California Portland Cement Company, at Colton,
California, approximately 580 kilometers west of the project site.
Recently cements produced in Mexico have been imported to the United
States and have been used in the Tucson area.

There are two cement plants producing Type III cement which conforms
to ASTM Specification C 150. These are the Genstar Cement Co. plant
at Stockton, California approximately 1000 kilometers northwest of
the project site and the Calaveras Cement Co at San Andreas, '
California approximately 1250 kilometers northwest of the project
site.



Pozzolan

In accordance with current Federal Regulations the option to use •
flyash, a pozzolanic admixture, as a substitute for Portland Cement
will be allowed in the production of concrete for the Rio Salado
Project. Concrete generally produced in the area at the present time
uses pozzolan to offset reactivities between the cement and silicates
in the aggregate and to reduce the heat of hydration. Flyash, proven
to be suitable in the past, would be available from a plant near
Page, Arizona, approximately 650 kilometers north of the project
site, and from a plant at Cochise, Arizona, approximately 300
kilometers southeast of the project site.

Admixtures

Two types of admixtures are used extensively by concrete producers in
the Phoenix area. These are air-entraining admixtures and water
reducing admixtures. Some high range water reducing admixtures have
been used. It is anticipated that all classes of admixtures will be
used in construction of the Rio Salado Project.

Water

Sufficient water suitable for concrete construction would be
available at existing concrete plants. It the Contractor elects to
erect an onsite batch plant, water most likely could be obtained from
local municipalities.

Potential for Soil-Cement Construction

Soil-cement has been used extensively in the Southwest, particularly
in Arizona as stream-bank protection. There are several examples of
this type of construction along the Salt River in the nearby area
which have exploited the use of soil-cement. Some of these projects
were protection for the 19th Ave Landfill, protection for ADOT
structures through the Tempe area and a soil-cement levee at
Sky-Harbor International Airport.

Additionally, the Corps of Engineers constructed soil-cement lined
levees along the Agua Fria River in the middle 1980's.

The Salt River has historically been the source of the majority of
aggregates used in concrete construction in the Phoenix area. No
detailed surveys of potential borrow sources for soil-cement
aggregates have been completed. Based on previously available
information and the performance of the above cited projects it is
likely that suitable materials wold be available from excavation in
the stream-bed. One of the possibilities which could increase the
cost of the soil-cement is the lack of sufficient fine grained
materials. Excavated materials from some of the sources being
exploited, in the Salt River, are primarily gravels and cobbles.

•
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Additional Studies

The current estimates indicate that approximately 300,000 cubic yards
(230 000 cubic meters) of soil cement would be needed. There was no
specified amount of structural concrete included in the report. Some
of the design alternatives selected included concrete foundations for
rubber dams which could also be constructed of RCC or soil-cement.
These are additional alternatives worth investigating in more detail
later during the planned Geotechnical Explorations.
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1.0 Objective

The objective of Rio Salado project is to implement
environmental restoration along two reaches, the 1) Phoenix Reach
and the 2)Tempe Reach, by designing a natural low flow channel
reinforced with soil cement embankments, gravel island
stabilizers, and planting of native species including wetland
marsh, cottonwood/willow, and mesquite bosque/upland mesquite
types of plant communities.

2.0 Study Area

The Phoenix Reach is a 5-mile portion of the Salt River
which runs through the City of Phoenix. The upstream limit of
the Phoenix Reach is the Interstate-10 bridge and the downstream
limit is the 19th Avenue bridge. Virtually all of the river is
devoid of vegetation because of upstream federal water projects.
Currently, much of the Phoenix Reach is occupied by old landfills
and active sand/gravel mining operations along the banks of the
river. See figure 2-1

The Tempe Reach consists of portions of the Salt River and
Indian Bend Wash immediately adjacent to Town Lake. Town Lake is
an artificial body of water which the City of Tempe plans to
construct within the Salt River channel at the confluence of the
Salt River and Indian Bend Wash. Town Lake is in the without
project condition. See figure 2-2

3.0 Design Criteria

3.1 Structural Requirements

The structural materials required for the low flow channel
involves roller compacted concrete (RCC), gravel, riprap, soil
cement or cement stabilized aggregate, sand, and clay. These are
rigid materials that have been successfully used before under
these type of hydraulic conditions.

The structural requirements of the slope protection include
static and dynamic stability, see Geotechnical Appendix.

3.2 Hydrology and Hydraulic Requirements

Hydrology and hydraulic design criteria are discussed in
their respective appendices. Evaluation of the hydrologic
conditions of the low flow channel and drainage areas are
discussed in the Hydraulic Design Appendix. The Hydrology
Appendix provides the peak discharges for the existing local
drainage structures that discharge intoi the river.
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3.3 Geotechnical Requirements

Geotechnical analysis examined embankment stability based on
a slope of 1V:2H, or 1V:3H near bridge crossings. Borrow
material from the streambed mayor may not be used for the fill,
soil cement, and gravel. However the RCC and riprap material
must corne from a commercial source. For Borrow material
description see reference Geotechnical Appendix.

3.4 Environmental Considerations

The project area includes the river channel and overbank
areas. There is virtually no existing vegetation.

3.5 Dumped Materials

There are several possible opportunity uses for the
excavated material from construction of the low flow channel in
the Phoenix Reach. These possible uses include direct
utilization of the material by existing sand and gravel mining
operations at 18th Street or 19th Avenue, or backfilling of
existing gravel pits adjacent to the river as stockpile locations
for later use. The excavated material is considered to be
valuable as a mineral resource for sand, gravel and aggregate
materials.

4.0 Design Features: Phoenix Reach

4.1 Low Flow Channel:

The low flow channel is design to have a capacity of 12,200
cfs and to limit velocities to six feet per second. The channel
will be 5 miles long. The width of the low flow channel varies
and under each bridge crossings the channel width is
approximately 350 feet. The channel will have a 1V:2H slope soil
cement embankments throughout the channel except under each
bridge crossings where it will have a 1V:3H slope soil cement
embankments. There will be five varying height and width gravel
island structures, 2 collector levees, and 1 outlet structure
under each bridge crossing. There will also be 4 RCC drop
struct res within the channel reach. Quantity estimates of the
excavated material is shown in the Cost Appendix. Also a cross
sectional view of channel is shown in figure 4-1. (reference
Geotechnical and Hydraulics Appendix) .

The low flow channel also includes approximately 2.5 miles
of permanent open water features as an important part of the
riparian system. This open water in the low flow channel
consists of low discharge perrenial stream (5 cfs) that connects
four shallow ponds. The design features in support of this
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feature includes overexcavation of the low flow channel at the
pond locations, and small inlet and outlet structures at the
upstream and downstream pond locations to guide the stream. It
is expected that the lakes, inlet and outlet structures would
have to be restored periodically after major flood events.

4.2 Embankments:

The embankments are made of soil cement at a slope of 1V:2H
and 1V:3H depending on location. The embankment varies in height
with an 8 foot crest and a minimum 5 foot depth from top of
bench. The embankments will also have a minimum 5 foot toe down
and an 8 foot thickness for machinery movability. Quantity
estimate of soil cement are shown in Cost Appendix. Also, cross
sectional views are shown in figure 4-1,4-2, and 4-3.

4.3 Drop Structures:

There are a total of 6 drop structures. Four drop
structures are within the low flow channel and two are located
outside the low flow channel in the side drain outlet structures.
The drop structures are made of Roller Compacted Concrete (RCC)
and are 30 inches thick. The structure varies in height and has
a 5 foot toe down. The quantity estimate of RCC is shown in the
Cost Appendix. The plan view is shown in figure 4-4.

4.4 Islands:

There are 5 islands within the low flow channel that are
made of gravel. T~e islands vary in height and width with a
1V:3H slope. The crest of the islands are 40 feet with no toe
down. The islands are built on top of a 120·x120·x30" soil
cement foundation. Quantity estimate of island gravel is shown
in Cost Appendix. Also, a cross sectional and plan view is
shown in figures 4-3 and 4-5.

There are a total of 4 lakes and each one is located under a
bridge at 7th Ave, Central Ave, 7th Street, and 16th Street. All
of the lakes are 3 feet deep, 2 acres, and 0.25 miles long except
one lake at Central Ave is 3 acres. Each lake will be excavated
and lined with clay and sand. A plan and cross sectional view is
shown in figures 4-3 and 4-5.

Each island that has a lake also has 2 collector levees and
1 lake outlet structure. The purpose of the collector levee is
to divert water form the channel into the lake. The collector
levees are approximately 68 feet long 4 feet tall with a 2 foot
crest. The levees are 3 feet under the soil and covered with
riprap of a gradation of 9 inch max and .5 inch min. The outlet
structure is 12 feet long and 1 foot deep with a 5.5 foot weir
connecting to the lake. A plan and cross sectional view is shown
in figure 4-5.
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4.5 Side Drain Outlet Structures:

There are 13 side drain outlets along the low flow channel. ~
Eleven of the outlets varies in length and are 2 feet deep. All
of the outlets are connected to existing pipes. The length of
the Arizon Department Of Transportation outlets are 250 feet long
and 10 feet deep. They have a 10 foot drop structure within the
junction structure and are made of RCC. All of the outlets are
made of soil cement. plan and cross sectional views are shown in
figures 4-5, 4-6, and 4-7.

4.6 Planting:

On the bench embankment there will be 49 acres of Wetland
Habitat, 110 acres of Mesquite Bosque, and 79 acres of Cotton
Wood/Willow. On the over banks there will be 25 acres of
Mesquite Bosque and 20 acres of Cotton Wood/Willow. See
Environmental Appendix for layout of planting.

5.0 Design Features: Tempe Reach

5.1 Planting:

The Indian Bend Wash (IBW) will include 20 acres of mesquite
upland and 10 acres of open space habitat. The low flow channel
of IBW would consist of 50 acres of aquatic strand habitat. The ~

Salt River portion of the Tempe Reach downstream of Town Lake ~

would include 10 acres of cottonwood willow, 8 acres of wetland
marsh, 5 acres of mesquite on the overbank and 8 acres of open
space habitat. The Salt River portion of the tempe reach
upstream of Town Lake includes 10 acres of cottonwood willow, 8
acres of wetland marsh, 5 acre of mesquite and 12 acres of open
space habitat.

5.2 Water Supply for planting:

The water supply for the Tempe restoration project will
utilize the existing Tempe well No.6. Well head treatment is
included as a project cost as required to meet NPDES permit
requirements for discharging into IBW or the Salt River. The
system includes a 24" RCP gravity drain pipe from the wetlands at
the downstream end of the IBW to the wetlands in the Salt River
at the upstream end of Town Lake. From upstream of Town Lake to
the downstream side of town Lake, the water surface elevation and
flow through requirements are controlled by pumps and 36 11

conveyance pipe system.
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6.0 Constructability

6.1 Construction Materials

The construction materials needed for the project for items
described above are soil for structural fill, soil for soil
cement, cement, water, concrete, reinforce concrete pipe, and
native specified plants. All of these materials are available
locally. Plants from native seed sources can be grown locally up
to 2-years in advance of required plantings as requird to develop
healthy root stock.

6.2 Access Roads

Construction of access roads for operation and maintenance
purposes will be built as part of the Rio Salado project. The
access roads would be approximately 5 miles long and 16 feet wide
on each side of the river with occasional access points into the
river bottom and low flow channel.

6.3 Borrow Sites

It is expected that these material can be most cost
effectively borrowed from a local pits. Using the streambed as a
source of structural fill material (not soil cement) is a
possibility and is still being investigated from hydraulic,
environmental and cost engineering standpoints. It has been
determined geotechnically that the streambed material is suitable
for construction of the structural compacted fill (see
Geotechnical Appendix) .

If the soil in the streambed is not suitable for the
construction of the soil cement structure (reference Geotechnical
Appendix). The soil for the soil cement, gravel, and riprap will
need to be imported from a local pit. Two large sand and gravel
mining operations and materials plants are immediately adjacent
to the river in the study area.

6.4 Construction Timing of the Selected Plan

The Rio Salado, Salt River project should be built in at
least three years time including the flood season of November
thru March.
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7.0 Operation and Maintenance Requirements

7.1 Soil Cement

The soil cement structure will require very little
maintenance. The structure is placed in 8 feet wide lifts on a
1V:2V and 1V:3H slope. It should endure much wear. Operational
inspections are made quarterly, with one official annual
inspection, as well as inspections as needed during flood season.
Inspections are made for cracking, which can be patched easily
with grout or cement if necessary. Shotcrete can be used to
repair surface erosion if necessary. Inspections are also made
for plants that if allowed to grow may exacerbate a crack. These
plants are typically killed with a chemical spray.

•

The very edges of the soil cement layers are not compacted
as tightly as the whole layer, and eventually will crumble or
spall. The crumbling edges do not affect the structural
integrity of the soil cement structure. The edges can be left in
place, giving the structure a rough finish and an opportunity for
small plants, such as grasses, to grow. If the edges are
unscraped, it may give the appearance to an untrained person that
the structure is deteriorating, but again, the integrity of the
structure is intact and the appearance is merely on the surface.
If the edges are scraped (another term is shaved), the effect
will be a smooth surface.

The 4 inch minimum compacted thickness that each layer •
should be must be enforced even at the final layer making the top
final grade. Otherwise, this layer may be subject to early
deterioration as was the experience of a structure in Maricopa
County, Arizona. This requirement will be made in the contract
specifications and the construction inspectors will enforce the
standard for construction.

7.2 Water and Habitat

The primary long term operation and maintenance costs are
associated with providing the required water to support the
habitat over the life of the project. The water budget and
estimated annual costs for the selected plan are presented in the
cost engineering appendix.

Annual costs associated with replacement of habitat plants
have been developed in conjunction with discharge-frequency
analysis as required to estimate the cost, frequency and expected
replacement interval for plants due to occasional flood events.
Flooding is an important and natural part of a natural riparian
ecosystem.

7.3 See Cost Engineering Appendix for costs.
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Phoenix Reach Study Map
Tempe Reach Restoration Area Map
Typical Low Flow Channel Cross Section
Typical Channel Embankment Cross Section
Typical Island Structure with Lakes
Drop Structure Detail
Collector Levee and Outlet Structure Detail
Typical Junction Structure for Smaller Side Drainage Outlets
Typical Junction Structure for ADOT Side Drainage Outlets



• • •
U.S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

BUCKEYE ROAD

10

a~@,~
SKY HARBOR

AIRPORT

~ ~
... co
N N

t;j
'. SPRR SPUR W...............•.• f!: ..•.........
1- .. _. lI)

ROAD

'. -

ROAD

J

.....

t;j
W
a:
l
ll)

... o. _ •• _

ROESER

g
Z
W
U

ELWOOD

.;'~~_ ....... ~.:. ..

BROADWAY

MOHAVE STREET ~t---'---~1}0 -l
1---7-._ : t;j:li 1

WAT""'w ---~~t--==t===~/=~\----I
::>z
w
~

w
::>z

~
w
::>
z

~

_.~

Ol

'<

N

l o_=--=c:-._-==
SCALE IN MILES

GENERAl. INVElI1lOA1lOHS-3UR\IEYS
FLOOO [WAACE PREVENnOt< STUOlES

RIO SAlADO. SAlT RIVER. J\l
PHOENIX REACH
STUDY AREA MAP

LOS AHOE1£S DISTRICT
SOV1l-t MCIFIC~

tJN4 ,",

,, ; I



I

U.S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

t
(/)

~t
0::-
0..

.,'

RIO

: I N

!
I-i
trl

MCKELLIPS ROAD ~
trl

~, ,
INDIAN , >,

0 BEND , (j«
WASH~:0 w =0::

~}'
, >oc, , 0 Cl)Ci';

CURRY RD cI-ip
Oi"l

, ,
~~, , .....
I-i', ...!.----- -rJ-------- ----

~\'JC~ _ 0
L A' K.. :E .. :z

w ~:::>z SALADO PARKWAY ~ >w 0
~

-l 0 .~~.
~~ !z
~:::> :J0:: 0 OEHERN.INIIEST1OAnONS-S~

UNIVERSITY
0 FISH IH:) WllDUfE IWlIlAT RESTOIlATlOH

IVE ~

RIO SAlADO. SALT RIVER, AZ.
TEMPE TOWN LAKE

LOS AHOEUS DlSTlllCT
soom F>\ClFIC OMS/ON

lW11"'

• • •



VI
I-
W 0
W
J:
VI

I
II..
o

I
o
Z

I
W
w
J:
VI

0
Z

c>
~
Q:

W
0... W u.:-< -l
W

0 II.. Q:

ZoO I... -. -... --..-------,r
....
W
W ....,
:I: I,
V)

~"\

Z
0
.... ~:

< (.'1

....
::> \. ~

0- 1.1

~ C'>
0 ~

u '-J

-}
~..

@ "'
~{::J "l

<.::.l. ~ ':I
'-J II_J "~.

"t
,.~ '1V' 't- o

-J
,j

>
CO

o
w
:.::
u
w
J:
U

[,LIf. lo?>1
o i

~( .I\~~h ')

, .
~ V"ti ...)

"\
'I

,
-::. SaO,
- \0

1-1 0 ,I- \ 'l .

Vf;.~T.

0 Q.
~

I?: >- N
~ ..CO x ...

0
a:~

~ w OU
U I- ILO
W :J-. ~ a..
0 w ~

~Q: I- 0a.. u ""

• • •



COMPUT ATION SH EET

PROJ ECT ----:g.-=-\""'-O__~_A_._L-_A-:....D_O _
I T EM IV Pi c..A- L. EJ\"l bC'.!J 1<' ~". (; r.J I CJ_OSS - S -r-e-:.. TI 0 r.J

C,;;',NI" !:-- L.
COMPUTED BY CHECKED BY _

SHEET NO. _OF_ SHEETS

DATE , 19_

FILE--- _

REF. DRWC. NO.-----_ •

!i

•I

of
i

1---
: B'

LFC
~.---=----Vt..Q,t:SI

I

- - .
~ .,./"..~.r. :

'-:11

_.

5 J'rI.~N

!r

If

i ~ 10

•
SPD I ~~~~4 284



" ... ,",

ot;
N..

X'"
11:1au
ILO

•

I
/00

\.\",/, -r.

V Y~.I:T,

-- VI\J7.,r:s (t.~/~

\" -:. S DO

\ ,I ·Co 'l7'

. 1= S l Ar,1 D ST R. \) c... T U P- C
W\TH LA tU?_ S

•

LFc

~I
3

TY P I '-..A-L-

: I }%--__I~~_. - ...__..0,

'I I.

'L

11

3

.5 ~IY\

\;"." 'e. ,.\

>
al

o
W
f
::l
0..
~
o
u

>
al

o
W
:.::
U
w
J:
U

•

ci
z

w Wf- u:< -' W
0 lI- ~

I
lI
o

I
o
Z

f
W
W
J:
VI

I-
W
W .,

:J:
<:..

V'l ..
Z
0 {

I- ~J
-< (_i.

I- U;::J
0..
~
0
U ,(J

?
()

<!:
-1

f) <.J1
-=;~ 1-1
--'
c::
\il ~

<I
U

D

,~ .)

I-

f-
U
W
..... ~
0 W
~ f-
0..



FLO'II
-:;-:--

••
HEIGHT
VARIES

\ ,
S-q

v

S=o. OO£) 'b

20'
FLOW
-~

If

S=O.OOV~ '30 of 1(.Cc..

<:0' t-s'

DROP STRUCTURE DETAIL
not to scale

•

•



••
COMPUT AllaN SH EET

PROJ ECT __'r.:..::...:..i"__S_0:....;.--.:.\p,--.:..cI_v~_f_S---:-_--r_:--_-=---:- _
ITEM Lew - ~\ovJ t~~V'\~ I GI',: t.-- 1>7i~v'\

C-r--( P1 i.4>L.) J

COMPUTED BY - CHECKED BY---- ___

SHEET NO. _IOF_\ SHEETS

DATE Jv\\1 '2-'6 • 19 CJl
FILE----- _

REF. DRWG. NO.- ___

Lb\\echr

Le.ve.{s

I

'-\0'
J

'?3'-+
"

.I
,.) it ./ '-

J
I .•

\'::.I...A-1-JD . 150
! ./ I /

~ /

~I
,

,~

\

iA- I
tv

:VLP--t-\
V\OJ,.. -\-, :"cc;\e

-------------+jr+---~---- / LovJ .i lo..,.} e.-L--.c'""....t I
;::: be-I V1 "-7 .

Ou-1-Le+
<;'-\'("11\ ,,-h, r e....

•

l-INE wi ~f'

\C1")U (,'Ifl'tlf
S£.G-T t-- A

D,S' \owor -h-,&,>"\

-~,;:o-",-..,rl"'J J"''''''-c/

T
VP<.'?. \S'7

"'I L\v;(.. ~\c1~?

~ b>o-++c...... wi
q'l \c.. ..t l'" ....\~p

L"D, oo ~ C) ") .

So-c.OGe'S

. . novJ
<:

:,' ""7l

?'C&-'t 1:>- B
C7L;{TL-~T b\~Vc..-rtJQf.. 'DE? IL.-

t'lo+- +D S <.~ I€..

'6<--1
, 'r I

B~

)< I ';jc 2..'
10•



COMPUT ATION SHEET

•
SHEET NO. _I_OF 1.. SHEETS

DATE Jv\V1 '1-~ 19q1
j ,-

FILE--- _

REF. ORWG. 1'10.-----

-qPlL-Al

4------+--- vl:Ar,\LA-br

P ROJ ECT _R.:....:.:.:io'------~_c:\.:....c_rc\_o_f_S ----=-:---_.- _
-;--'r . ..c \ c.1~ 0 c.}-, r II'. C. J:.,.~. (' LIT EM '--'~ -::>\~,If\ . o/' • v' '" '\ '" -, . v C.7

I

COMPUTED BY _\l.:..;:t--=- CHECKED By-------

•

1"'-1 ?\CA-L J\A~ Ll- \ON SI p-\;\ L:TVR. c...
<;~ AL.-Le-R- 5 iDE- 1)P-A-I N~E.

OlATLETS •
SPO FORM

I OCT 74 284 II
_ •.:.......-..:.;...;,-=-=-~..::.- :-:'.:-:..-- "-

.... ' .:.- -. -':"~' ''"':":_:,. -
....



COMPUTATION'SHEET

e" COMPUTED BY \Iv CHECKED BY-------

SHEET NO . ..kOF z.... SHEETS
\ \ r. r.-"j

DATE",N"vj L.-> 19:...0
J

FILE--- _

REF. DRWG. NO.-- _

cL Low
Flow (Jrv.~rt.! I

L\'1e.. vJI ~Ol ~; I
ceVvJl..vJ+ 0" o.~-hc.l'lltiI(J{·
U?V1C re -ie... V1..-1Cl+ . ~_::,\"rr.A~u:.... ?-At::\~

~"""'~~y~(

___!..-- ....!..- .l..-_.L--~ . -.---.----,L----!--li

~I--+-----~----~I-----~-~~\~/~~~- \'01

e

L-..,t... vJ ) ~o It

sail o..~+ or
CI .- -h cV\ I",-led c-o nCrcf£'

I
VV1Ci'1i 1<--z.-5>-'-~~

SEOION A-A
(V1~ ..-Iv >CO!lej

e
\'1f\L-A L

AbOT
JI)N.c..l10~ ~R-UL.\LJR.F P0R..
SI})E. yR.-A INA-~E- oVTl--SlS

SPD FORM
I OCT 74 284



03/19/98 •
C:11 RIO-FEAIDE IORECF8.wS2 • •

Feasibility Study of Rio Salado at Phoenix and Tempe, Arizona.
Item No. Description Quantity UOM Unit Cost Sub-Total Contg. Contg. Amt. Total

1 Phoenix Reach (Proposed Plan)
a) Mob/Demob & Prep Work 1 LS $1,000,000 $1,000,000 20% $200,000 $1,200,000
b) Low Flow Channel w/ 4 Drop Structures 1 LS $23,824,000 $23,824,000 20% $4,764,800 $28,589,000
c) Mesque Bosque/Upland 130 ACR $11,000 $1,430,000 20% $286,000 $1,716,000
d) CottonwoodlWiliows 99 ACR $12,755 $1,262,745 20% $252,549 $1,515,000
e) Wetland Marsh (WM) 49 ACR $14,170 $694,330 20% $138,866 $833,000
f) Design Development Test Habitat 1 LS $500,000 $500,000 20% $100,000 $600,000

g) Perennial Stream in Low Flow Channel 9 ACR $6,000 $54,000 20% $10,800 $65,000
h) Liner (9 acr of Open Water assoc. w/ WM 18 ACR $20,300 $365,400 20% $73,080 $438,000

and 9 acr of Shallow Ponds assoc. w/ LFC)
i) Collector Levees & Outlets 1 LS $23,000 $23,000 20% $4,600 $28,000
j) Water Supply (5.82 MGD)

Well Construction & Piping 6 EA $760,000 $4,560,000 20% $912,000 $5,472,000
Monitoring Wells 12 EA $15,000 $180,000 20% $36,000 $216,000
Well Control Room (Computer Room) 1 EA $192,500 $.192,500 20% $38,500 $231,000
VOC (Environmental) Treatment 6 EA $1,400,000 $8,400,000 20% $1,680,000 $10,080,000

k) Water Distribution/Irrigation System
(1) Pressurized Distribution System 1 LS $8,432,960 $8,432,960 20% $1,686,592 $10,120,000
(2) Gravity Distribution System 1 LS $2,500,000 $2,500,000 20% $500,000 $3,000,000

I) Operation & Maintenance Roads 1 LS $1,000,000 $1,000,000 20% $200,000 $1,200,000
Sub-Total $54,418,935 $10,883,787 $65,303,000

Planning, Engineering, & Design (PE&D) 7% $4,571,000
Sub-Total $69,874,000

Supervision & Administration (S&A) 6.50% $4,542-,000
Sub-Total $74,416,000

m) Monitoring Plan 1 LS 1% $744,000

n) Adaptive Mgmt. 1 LS 1% $744,000

0) Real Estate 1 LS $3,095,000 $3,095,000 20% $619,000 $3,714,000
Total for Eco-System Restoration $79,618,000

p) Recreation (24th Street to 19th Avenue) 1 LS $3,574,000 $3,574,000 20% $714,800 $4,289,000
PE&D for Recreation 7% $300,000
S&A for Recreation 6.50% $298,000

Sub-Total for Recreation $4,887,000

1 of 3



03119/98
C:11 RIO-FEAIDESCOSnRIORECF8.WB2

Feasibility Study of Rio Salado at Phoenix and Tempe, Arizona.
Item No. Description Quantity UOM Unit Cost Sub-Total Contg. Contg. Amt. Total

Total First Cost $84,505,000

q) Assoc. Non-Federal Cost (Water Supply) 1 YR $847,700 $847,700 20% $169,540 $1,017,000
r) Annual OMRR&R (Habitat) 1 YR $645,000 $645,000 20% $129,000 $774,000

s} Annual OMRR&R (Recreation) 1 YR $875,000 $875,000 20% $175,000 $1,050,000

2 Tempe Reach (Proposed Plan)
a) Mob/Demob and Prep Work 1 LS $300,000 $300,000 20% $60,000 $360,000
b) Mesque Bosque/Upland 30 ACR $11,000 $330,000 20% $66,000 $396,000
c) CottonwoodlWillows 20 ACR $12,755 $255,100 20% $51,020 $306,000
d) Wetland Marsh (inc!. Soil Liner) 16 ACR $23,520 $376,320 20% $75,264 $452,000
e) Water Supply (1.5 MGD) 1 LS $703,000 $703,000 20% $140,600 $844,000
f) 24"RCP Gravity Drain 1250 LF $95 $118,750 20% $23,750 $143,000

g) Pump & Pipe System 1 LS $660,000 $660,000 20% $132,000 $792,000
h) 36" Conveyance Pipe Line 4150 LF $162 $672,300 20% $134,460 $807,000
i) Water Distribution/Irrigation System 66 ACR $7,283 $480,710 20% $96,142 $577,000

j) Operation & Maintenance Roads 1 LS $379,000 $379,000 20% $75,800 $455,000
Sub-Total $4,275,180 $855,036 $5,132,000

Planning, Engineering, & Design (PE&D) 7% $359,000
Sub-Total $5,491,000

Supervision & Administration 6.50% $357,000
Sub-Total $5,848,000

Monitoring Plan 1 LS $58,000 $58,000 1% $58,000

Adaptive Management 1 LS $58,000 $58,000 1% $58,000

Total for Eco-Sys. Restoration $4,391,180 $5,964,000

k) Recreation 1 LS $501,450 $501,450 20% $100,290 $602,000
PE&D for Recreation 7% $42,000
S&A for Recreation 6.50% $42,000

Sub-Total for Recreation $501,450 $686,000
Total First Cost $4,892,630 $6,650,000

• • •



03/19/98 •
C:\1RIO-FEAIDE IORECF8WS2 • •

Feasibility Study of Rio Salado at Phoenix and Tempe, Arizona.
Item No. Description Quantity UOM Unit Cost Sub-Total Contg. Contg. Amt. Total

Assoc. Non-Federal Cost (Water Supply) 1 YR $128,000 $128,000 20% $25,600 $154,000
Annual OMRR&R (Restoration) 1 YR $63,000 $63,000 20% $12,600 $76,000
Annual OMRR&R (Recreation) 1 YR $ 122,500 $122,500 20% $24,500 $147,000

NOTES:
1 Unit costs are developed through MCACES cost estimate on the subject project.
2 Quantities are derived in coordination with Civil Design, Environmental Support Section, and other branches.
3 Total costs include the following percentages: Field Office Overhead (8.0%), Home Office Overhead (6.0%), Profit (6.89%), Bond (0.7%),

Arizona Business Privilege Tax (4.55%), Planning, Engineering, and Design (7.0%), Supervision & Administration (6.5%),
along together with an overall contingency of 20%.

4 Cost in Item 1 a) above reflects the inclusion of costs for excavation and transportation of sand and gravel material and then a reduction
for the mineral value.

5 Annual O&M cost of Habitat has an assumption of 8% to 9% for dead plant replacement on both Phoenix and Tempe reaches.
6 Please refer to related appendices on the cost breakdowns of Real Estate and Recreation cost estimates for Phoenix and Tempe Reaches.
7 Real Estate cost is presented in this summary spreadsheet.
8 Costs for Monitoring Plan and Adaptive Management Program are developed by applying a percentage to the sub-total of construction

cost items after PE&D and S&A.
9 All the final costs are rounded to the nearest thousands.
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PROJECT NOTES

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

TIME 13:58:39

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

This feasibility study area covers from Salt River at Freeway 10 to 19th
Avenue along the river, called Phoenix Reach, and McClintock Drive to the
mouth at the confluence with Indian Bend Wash (IBW), called Tempe Reach. The
Phoenix Reach is a 5-mile portion of the Salt River which runs through the
City of Phoenix. The lBW study area starts at McKellips Road. River mile from
McKellips Road to the confluence at Salt River is 1.3. A narrow "strip"
channel (low flow stream) will be built in the IBW: 10' (W) x 0.5 mile

(Ll. On both sides of the strip, cottonwood/willow will be planted. Mesquite
bosque and wetland marsh will be established from the end of the strip channel
to the confluence. Wetland marsh and cottonwood/willow will also be
established in two locations: one above upstream of Tempe Town Lake and the
other at the downstream. The proposed restoration of the Phoenix Reach would
involve the construction of a 200' wide, 10' deep, soil-cement lined low flow
channel in the river bottom, the establishment of riparian habitat in the
river bottom and along the edges of three gravel pits, and the
establishment of mesquite habitat on the benches and overbanks of the
channel. The project would also include the construction of
maintenance/recreational trails in river bottom and on the banks and
overbanks of the channel.
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Eff. Date 03/13/98

•U.S. Army Corps of E~gineers

PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

•• PROJECT SETTINGS **

TIME 13,58,39

SETTINGS PAGE

•
ESTIMATE TYPE

SALES TAX

A-Crews with Auto Reprice

0.00\

DATE OF ESCALATION SCHEDULE 03/13/98

PROJECT DIRECT COST COLUMNS

Col Type H L E M C
Rep Width 10 10 12 12 20
Title MANHRS LABOR EQUIPMNT MATERIAL UNITCOST

PROJECT INDIRECT COST COLUMNS

Col Type 0 U P B U
Rep Width 12 12 12 12 12
Title OVERHEAD HOME OFC PROFIT BOND az priv

PROJECT OWNER COST COLUMNS

Col Type C U U x x
Rep Width 15 15 15 0 0
Title CONTINGN PE&D SIOH (Unused) (Unused)

PROJECT BREAKDOWN

Trail Level 2nd View

PROJECT ID Length Sep Title Order

Level ID Contract

Level ID Feature

Level ID SubFeatr

Level ID Level

Level ID Level 0

Level ID Level

Owner Cost Level

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID, R0793A UPB ID, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

•• PROJECT SETTINGS *.

SETTINGS PAGE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2ND VIEW COLUMNS

Ouantity Column Width 10

Col Type
Rep Width
Title

Shadow

x
o

(Unused)

x

x
o

(Unused)

x

x
o

(Unused)

x

x
o

(Unused)

x

x
o

(Unused)

x

DETAIL REPORT FORMATTING

PAGE OPTIONS Page Break Levels
Table of Contents Levels

0 3 4

ROW OPTIONS Print Titles at Levels Y Y Y Y Y Y

Print Totals at Levels Y Y Y y y y

Print Notes at Levels Y Y y y y y y y

Print Unit Cost Row Y

Print Page Footer Y

Show Cost Codes y

COLUMNS OPTIONS Print Crew Id Y

Crew Output Y
Unit Cost y

UPB TITLES No. of Levels to Print
Bracket Titles With

Include titles Notes Y

•
LABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS

•
CREW ID: R0793A UPB ID: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98

OTHER REPORT FORMATTING

COLUMN TITLES FOR SUMMARY REPORTS

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

•• PROJECT SETTINGS ••

•
SETTINGS PAGE

Column 1 OVERHEAD FIELD OFFICE OVERHEAD (8.00\)

Column 2 HOME OFC HOME OFFICE OVERHEAD (6.00\)

Column 3 PROFIT Profit (6.89\)
Column 4 BOND Performance & Payment Bond (0.70\)
Column 5 az priv Az. Business Privledge Tax (4.55\)

Column 1 CONTINGN CONTINGENCY (20%)
Column 2 PE&D Planning. Engineering I Design (7.0\)
Column 3 SIOH Supervision & Administration 16.5\)
Column 4 (Unused)
Column 5 (Unused)

STANDARD COLUMN WIDTHS

Quantity Columns
Total cost Columns

Unit Cost Columns

15
15
20

SUMMARY FEATURES

Round Totals Column
Contingency Notes

Show Project Totals

M-Thollsands
Yes
Yes

SPECIAL REPORT FORMATTING OPTIONS

LABOR 10: AZHH94

First Alternate 10
Show Markup at Level

Display Indirect/Owner Markup as
CSI Sort at Level

EQUIP 10: NAT93A

(None)
o
A - Unit Costs Only
(None)

Currency in DOLLARS CREW 10: R0793A UPB 10: RG793A
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Eff. Date 03/13/98

U.S. Army Corps of ~ngineers

PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

** PROJECT SETTINGS **

SETTINGS PAGE 4

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

REPORT SELECTION

Project Settings
Contractor Settings

Link Listing

Y

N

N

Profit Guidelines

Measurement Units

Y

Original

REPORT FORMAT TYPE

Direct Indirect Owner

FOR LEVEL (5)

o 1 2 3 4 5 6

Detail Y
Project Y Y N Y Y Y Y Y Y

Contractor N N N N N N N N N
Division N N N N N N N N N N

System N N N N N N N N N N
2nd View N

Crew Y Y N N N N N N
Labor Y

Equipment Y
Prime Labor Cost Level 1

•
LABOR lD, AZHH94 EQUIP lD, NAT93A Currency in OOLLARS

•
CREW 10, R0793A UPB 10, RG793A

•
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Eff. Date 03/13/98

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

•
SETTINGS 'PAGE

" OWNER, OVERTIME, AND ADJUSTMENTS SETTINGS "
---------------------------------------------------------------------------------------------'ESCALATN DATE'---'ESCALATN INDEX'------------------------------------------- __

AMOUNT PERCENT BEGIN END BEGIN END

02 Tempe Reach (Recommended Plan)
CONTINGENCY (20~)

Planning, Engineering, Design (7.0~)

Supervision & Administration (6.5\)

09 Phoenix Reach (Recommended Plan)
CONTINGENCY (20~)

Planning, Engineering, Design (7.0%)
Supervision & Administration (6.5%)

P

P

P

P

P

P

20.00
7.00
6.50

20.00
7.00
6.50

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW 10, R0793A UPS 10, RG793A
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Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study SETTINGS PAGE

•• PROFIT WEIGHTED GUIDELINES ••
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PROJECT: Rio Salado Feasibility Study ESTIMATED BY PHILLIP ENG

CURRENT WORKING ESTIMATE CHECKED BY: COST ENGINEERING BRANCH, LAD
US ARMY CORPS OF ENGINEERS

DATE: 03/13/98

PROFIT OBJECTIVE FOR: PC Prime/General Contractor

FACTOR RATE (\l WEIGHT VALUE

(0.03 - 0.121

1. Degree of Risk
2. Difficulty of Work
3. Size of Job
4. Period of Performance
5. Contractor's Investment
6. Assistance by Government
7. Subcontracting

20
15
15
15

5

5
25

x
x
x
x

x
x

0.080
0.045
0.030
0.071
0.040
0.120
0.092

1. 600\
0.675\
0.450\
1.065\
0.200\
0.600\
2.300\

100 PROFIT FACTOR: 6.890\

COMMENTS (Reasons for Weights Assigned) :

Due to the unique nature of this work risk is slightly higher.
=: Nothing unusual about planting or irrigation.

Over $10,000.000.00
= About one year with out the maintenance contract
- About average
Average Govt Asst
= Estimated about 40% for wells. irrigation, etc.

Risk
Diff
Size
Period
Invest
Asst =:

Subcon

•
LABOR 10: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS

•
CREW !D: R0793A UPB !D: RG793A

•
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Eff. Date 03/13/98

•u.s. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - Contract (Rounded to 1000's)

•TIME 13,58:39

SUMMARY PAGE

02 Tempe Reach (Recommended Plan)
09 Phoenix Reach (Recommended Plan)

Rio Salado Feasibility Study

CONTINGENCY (20%)

SUBTOTAL
Planning, Engineering, Design (7.0\)

SUBTOTAL
Supervision & Administration (6.5%)

TOTAL INCL OWNER COSTS

QUANTITY UOM

.00 EA

.00 EA

TOTAL DIRECT

3,854,000
48,315,000

52,169,000

OVERHEAD

308,000
3,865,000

4,173,000

HOME OFC

250,000
3,131,000

3,381,000

PROFIT

304,000
3,811,000

4,115,000

BONO

33,000
418,000

451,000

az priv

216,000
2,709,000

2,925,000

TOTAL COST

4,965,000
62,248,000

67,214,000

13,443,000

80,656,000
5,646,000

86,302,000
5,610,000

91,912,000

UNIT COST

62248414.43

67213611.42

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB ID, RG793A



Fri 13 Mar 1998

Eff. Date 03/13/98
u.s. Army Corps of Engineers

PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - Feature (Rounded to 1000's)

TIME 13:58:39

SUMMARY .PAGE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
QUANTITY UOM TOTAL DIRECT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST

--------------------------------------------------------------------------------_ .. _----------------------------------------------------------------------------------------

02 Tempe Reach (Recommended Plan)

TOTAL Tempe Reach (Recommended Plan)

02.01
02.02
02.03
02.06
02.07
02.08
02.09
02.12
02.13
02.14
02.15
02.16

Mesquite Bosque/Upland
Cottonwood/Willow
Wetland Marsh
Annual OMRR&R
Water
Pump & Pipe System
24 11 RCP Gravity Drain Pipe

36" Conveyance Pipeline
Recreation Features
Operation & Maintenance Roads
Mob/Demob And Prep Work
Water Distribution/Irrigation

30 .00 ACR 255,000 20,000 17,000 20,000 2,000 14,000 329,000 10951. 31
20. 00 ACR 198,000 16,000 13,000 16,000 2,000 11,000 255,000 12755. OS
16. 00 ACR 292,000 23,000 19,000 23,000 3,000 16,000 376,000 23518 .25

1. 00 EA 49,000 4,000 3,000 4,000 0 3,000 63,000 63079. 53
645,000 52,000 42,000 51,000 6,000 36,000 831,000

.00 EA 513,000 41,000 33,000 40,000 4,000 29,000 660,000 660369.52
1250.00 LF 92,000 7,000. 6,000 7,000 1,000 5,000 119,000 95.01
4150.00 LF 522,000 42,000 34,000 41,000 5,000 29,000 672,000 162.00

1.00 EA 389,000 31,000 25,000 31,000 3,000 22,000 501,000 501466.60
1. 00 EA 294,000 24,000 19,000 23,000 3,000 16,000 379,000 378589.52
1.00 EA 233,000 19,000 15,000 18,000 2,000 13,000 300,000 300194.65

66.00 ACR 373,000 30,000 24,000 29,000 3,000 21,000 480,000 7271.67
----------- ----------- ----------- ----------- ----------- ----------- -----------

3,854,000 308,000 250,000 304,000 33,000 216,000 4,965,000

09 Phoenix Reach (Recommended Plan)

TOTAL INCL OWNER COSTS

CONTINGENCY (20%)

TOTAL Rio Salado Feasibility Study

TOTAL Phoenix Reach (Recommended Plan)

•
UPB 10: RG793ACREW 10: R0793A

•
Currency in DOLLARS

1 .00 EA 18,491,000 1,479,000 1,198,000 1,459,000 160,000 1,037,000 23,824,000 23824074 .34
130. 00 ACR 1,105,000 88,000 72,000 87,000 10,000 62,000 1,424,000 10951 .31

99 .00 ACR 980,000 78,000 64,000 77,000 8,000 55,000 1,263,000 12755. OS
49 .00 ACR 538,000 43,000 35,000 42,000 5,000 30,000 693,000 14152 .03

1 .00 EA 210,000 17,000 14,000 17,000 2,000 12,000 270,000 270432.87
1 .00 EA 11,027,000 882,000 715,000 870,000 95,000 618,000 14,207,000 14206525.14
1.00 EA 388,000 31,000 25,000 31,000 3,000 22,000 500,000 499894.96

18.00 ACR 284,000 23,000 18,000 22,000 2,000 16,000 366,000 20307.59
1.00 EA 18,000 1,000 1,000 1,000 0 1,000 23,000 23009.55
1.00 EA 792,000 63,000 51,000 62,000 7,000 44,000 1,020,000 1020404.14
1. 00 EA 8,481,000 679,000 550,000 669,000 73,000 476,000 10,927,000 10927260.74
9.00 ACR 41,000 3,000 3,000 3,000 0 2,000 53,000 5883.37
1. 00 EA 2,774,000 222,000 180,000 219,000 24,000 156,000 3,574,000 3573648.56
1. 00 EA 776,000 62,000 50,000 61,000 7,000 44,000 1,000,000 999789.92
1. 00 EA 2,410,000 193,000 156,000 190,000 21,000 135,000 3,105,000 3105017.66

----------- ----------- ----------- ----------- ----------- ----------- -----------
1. 00 EA 48,315,000 3,865,000 3,131,000 3,811,000 418,000 2,709,000 62,248,000 62248414 .43

----------- ----------- ----------- ----------- ----------- ----------- -----------
1.00 EA 52,169,000 4,173,000 3,381,000 4,115,000 451,000 2,925,000 67,214,000 67213611 .42

13,443,000
-----------
80,656,000

5,646,000

-----------
86,302,000

5,610,000
-----------

91,912,000

EQUIP 10: NAT93A

•

Low Flow Channel
Mesquite Bosque/Upland
Cottonwood/Willow
Wetland Marsh
Annual OMRR&R (Riparian Habitat)
Water (5.82 MGD)
Design Development Test Habitat

Liner (9 acres of Open Water
Collector Levees and Outlets
Operation & Maintenance Roads
Water Distribution/Irrigation
Perennial Stream in Low Flow Ch.

Recreation--24th St. to 19th Ave
Mob/Demob and Prep Work
Real Estate

SUBTOTAL
Planning, Engineering, Design (7.0%)

LABOR 10: AZHH94

SUBTOTAL
Supervision & Administration (6.5%)

09.01
09.02
09.03
09.04
09.06
09.07
09.10
09.11
09.12
09.13
09.15
09.16
09.17
09.18
09.19



• • •Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - SubFeatr (Rounded to 1000's)

TIME 13,58,39

SUMMARY PAGE

QUANTITY UOM TOTAL DIRECT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST

02 Tempe Reach (Recommended Plan)

02.01 Mesquite Bosque/Upland

TOTAL Mesquite Bosque/Upland

02.01.01
02.01.02
02.01.03

Bench - Indian Bend Wash
Upstream of Salt River
Downstream of Salt River

20.00 ACR 170,000 14,000 11,000 13,000 1,000 10,000 219,000 10951.31
5.00 ACR 43,000 3,000 3,000 3,000 0 2,000 55,000 10951.31
5.00 ACR 43,000 3,000 3,000 3,000 0 2,000 55,000 10951. 31

----------- ----------- ----------- ----------- ----------- ----------- -----------

30.00 ACR 255,000 20,000 17,000 20,000 2,000 14,000 329,000 10951.31

02.02 Cottonwood/Willow

TOTAL Cottonwood/Willow

02.02.01
02.02.03

Upstream Salt River
Downstream Salt River

10. 00 ACR 99,000 8,000 6,000 8,000 1,000 6,000 128,000 12755.05
10. 00 ACR 99,000 8,000 6,000 8,000 1,000 6,000 128,000 12755.05

----------- ----------- ----------- ----------- - -.- - - - ----- ----------- -----------

20.00 ACR 198,000 16,000 13,000 16,000 2,000 11,000 255,000 12755.05

02.03 Wetland Marsh

TOTAL Water

02.07 Water

02.06 Annual OMRR&R

TOTAL Wetland Marsh

8.00 ACR 88,000 7,000 6,000 7,000 1,000 5,000 113,000 14172.28

16.00 ACR 116,000 9,000 8,000 9,000 1,000 7,000 150,000 9345.97
8.00 ACR 88,000 7,000 6,000 7,000 1,000 5,000 113,000 14172.28

----------- ----------- ----------- ----------- ----------- ----------- -----------
16.00 ACR 292,000 23,000 19,000 23,000 3,000 16,000 376,000 23518.25

1. 00 EA 49,000 4,000 3,000 4,000 0 3,000 63,000 63079.53

1. 00 EA 645,000 52,000 42,000 51,000 6,000 36,000 831,000 830569.03
----------- ----------- ----------- ----------- ----------- ----------- -----------

645,000 52,000 42,000 51,000 6,000 36,000 831,000

Upstream Salt River
Impermeable Soil Liner
Downstream Salt River

02.07.02 Ground Water, Shallow Wells

02.03.02
02.03.03
02.03.06

02.08 Pump & Pipe System

TOTAL Pump & Pipe System

LABOR 10, AZHH94

24 It Rep Gravi ty Drain Pipe
36" Conveyance pipeline
Recreation Features

02.08.01
02.08.02
02.08.03
02.08.04
02.08.05

02.09
02.12
02.13

Pipes
Pump
Excavation
Back Fi 11
Hauling and Disposal of Excess

EQUIP 10, NAT93A

1.00 EA 482,000 39,000 31,000 38,000 4,000 27,000 621,000 620715.34
1. 00 EA 6,000 1,000 0 0 0 0 8,000 8152.01

5155.00 CY 17,000 1,000 1,000 1,000 0 1,000 22,000 4.35
2878.00 CY 4,000 0 0 0 0 0 5,000 1. 70
2277.00 CY 3,000 0 0 0 0 0 4,000 1.84

----------- ----------- ----------- ----------- ----------- ----------- -----------
1. 00 EA 513,000 41,000 33,000 40,000 4,000 29,000 660,000 660369. 52

1250. 00 LF 92,000 7,000 6,000 7,000 1,000 5,000 119,000 95.01
4150. 00 LF 522,000 42,000 34,000 41,000 5,000 29,000 672,000 162.00

1 .00 EA 389,000 31,000 25,000 31,000 3,000 22,000 501,000 501466.60

Currency in DOLLARS CREW 10, R0793A UPB 10, RG793A
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Eff. Date 03/13/98

u.s. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - SubFeatr (Rounded to 1000's)
SUMMARY PAGE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
QUANTITY UOM TOTAL DIREOT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST

-------------------------------------------------------------------------------------------------------------------.-----------------.--------------------------------------

02.14 Operation & Maintenance Roads

TOTAL Tempe Reach (Recommended Plan)

TOTAL Operation & Maintenance Roads

02.14.01
02.14.02

02.15
02.16

Concrete Pavement
Decomposed Granite

Mob/Demob And Prep Work
Water Distribution/Irrigation

190560 .00 SF 279,000 22,000 18,000 22,000 2,000 16,000 360,000 1. 89
3600. 00 SF 15,000 1,000 1,000 1,000 0 1,000 19,000 5.29

----------- ----------- ----------- ----------- ----------- ----------- -----------
.00 EA 294,000 24,000 19,000 23,000 3,000 16,000 379.000 378589.52

1 .00 EA 233,000 19,000 15,000 18,000 2,000 13,000 300,000 300194.65
66. 00 ACR 373.000 30,000 24,000 29.000 3,000 21,000 480,000 7271.67

----------- ----------- ----------- ----------- ----------- ----------- -----------
3,854,000 308,000 250,000 304,000 33,000 216,000 4,965,000

09 Phoenix Reach (Recommended Plan)

09.01 Low Flow Channel

TOTAL Low Flow Channel

09.01.01
09.01.02
09.01.03
09.01.04
09.01.05
09.01.06
09.01.07

Excavation
Soil Cement
RCC for 4 Drop Structures
Back Fill
Gravel for 5 Islands (stabilizer
Hauling & Disposal of Exc. Mat'l
Credit on Mineral value of

3010471. 00 CY 10,157,000 813,000 658,000 801,000 88.000 570,000 13,086,000 4 .35
120192.00 CY 1,833,000 147,000 119,000 145,000 16,000 103,000 2,362,000 19. 65

8500.00 CY 602,000 48,000 39,000 47,000 5,000 34,000 775,000 91. 18
61600.00 CY 81,000 7,000 5,000 6,000 1,000 5,000 105,000 1 .70

246000.00 CY 5,283,000 423,000 342,000 417,000 46,000 296,000 6,806,000 27.67
2948871.00 CY 4,222,000 338,000 274,000 333,000 36,000 237,000 5,439,000 1. 84
2948871.00 CY -3,685,000 -294,000 -238,000 -290,000 -31,000 -206,000 -4,748,000 -1. 61

----------- ----------- ----------- ----------- ----------- ----------- -----------
1. 00 EA 18,491,000 1,479,000 1,198,000 1,459,000 160,000 1,037,000 23,824,000 23824074.34

09.02 Mesquite Bosque/Upland

TOTAL Mesquite Bosque/Upland

09.02.01
09.02.02

Overbank
Bench/Bank

20. 00 ACR 170,000 14,000 11,000 13,000 1,000 10,000 219,000 10951.31
110. 00 ACR 935,000 75,000 61,000 74,000 8,000 52,000 1.205,000 10951.31

----------- ----------- ----------- ----------- ----------- ----------- -----------
130. 00 ACR 1,105,000 88,000 72,000 87,000 10,000 62,000 1,424,000 10951.31

09.03 Cottonwood/Willow

TOTAL Cottonwood/Willow

09.03.01
09.03.03

Bench/Bank
Overbank

79.00 ACR 782,000 63,000 51,000 62,000 7,000 44,000 1,008,000 12755 .05
20.00 ACR 198,000 16,000 13,000 16,000 2,000 11,000 255,000 12755. 05

----------- ----------- ----------- ----------- ----------- ----------- -----------
99.00 ACR 980,000 78,000 64,000 77,000 8,000 55,000 1,263,000 12755. 05

09.04 Wetland Marsh

TOTAL Wetland Marsh

LABOR 10, AZHH94 EQUIP 10, NAT93A

40.00 ACR 440,000 35,000 29,000 35,000 4,000 25,000 567,000 14172.28
9.00 ACR 98,000 8,000 6,000 8,000 1,000 6,000 127,000 14062.05

----------- ----------- ----------- ----------- ----------- ----------- -----------
49.00 ACR 538,000 43,000 35,000 42,000 5,000 30.000 693,000 14152.03

•
UPB 10, RG793ACREW 10, R0793A

•
Currency in DOLLARS

•

Bench/Bank
Open Water wI Liner

09.04.01
09.04.02



• • •Fri 13 Mar 1998
Eff. Date 03/13/98

u.s: Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - SubFeatr (Rounded to 1000's)
SUMMARY PAGE

QUANTITY UOM TOTAL .DIRECT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST

09.07 Water (5.82 MGDJ

TOTAL Water (5.82 MGD)

TOTAL Collector Levees and Outlets

09.06 Annual OMRR&R (Riparian Habitat) 1. 00 EA 210,000 17,000 14,000 17,000 2,000 12,000 270,000 270432.87

1.00 EA 11,027,000 882,000 715,000 870,000 95,000 618,000 14,207,000 14206525.14
----------- ----------- ----------- ----------- ----------- ----------- -----------

1. 00 EA 11,027,000 882,000 715,000 870,000 95,000 618,000 14,207,000 14206525.14

1. 00 EA 388,000 31,000 25,000 31,000 3,000 22,000 500,000 499894.96
18.00 ACR 284,000 23,000 18,000 22,000 2,000 16,000 366,000 20307.59

1722.00 CY '6,000 0 0 0 0 0 7,000 4.35
3000.00 CY 2,000 0 0 0 0 0 3,000 0.84

34 7.00 Cy 10,000 1,000 1,000 1,000 0 1,000 13,000 37.48

----------- ----------- ----------- ----------- ----------- ----------- -----------
.00 EA 16,000 1,000 1,000 1,000 0 1,000 23,000 23009.55

.00 EA 792,000 63,000 51,000 62,000 7,000 44,000 1,020,000 1020404.14

1.00 EA 1,431,000 115,000 93,000 113,000 12,000 80,000 1,844,000 1844220.73
1. 00 EA 5,109,000 409,000 331,000 403,000 44,000 286,000 6,583,000 6583006.06
1. 00 EA 1,940,000 155,000 126,000 153,000 17,000 109,000 2,500,000 2500033.95

----------- ----------- ----------- ----------- ----------- ----------- -----------
1. 00 EA 8,481,000 679,000 550,000 669,000 73,000 476,000 10,927,000 10927260.74

Excavation
Back Fill
Rip Rap

General Infrastructure--Pressure
Drip System (Pressure System)
Gravity Distribution System

Collector Levees and Outlets

Design Development Test Habitat
Liner (9 acres of Open Water

TOTAL Water Distribution/Irrigation

09.10
09.11

09.07.02 Well Water-Capital and O&M costs

09.12

09.12.01
09.12.02
09.12.03

09.15 Water Distribution/Irrigation

09.13 Operation & Maintenance Roads

09.15.01
09.15.02
09.15.03

09.16 Perennial Stream in Low Flow Ch.

TOTAL Perennial Stream in Low Flow Ch.

09.16.01
09.16.02

Excavation
Soil Cement

4890.00 CY 16,000 1,000 1,000 1,000 0 1,000 21,000 4.35
1613.00 CY 25,000 2,000 2,000 2,000 0 1,000 32,000 19.65

----------- ----------- ----------- ----------- ----------- ----------- -----------
9.00 ACR 41,000 3,000 3,000 3,000 0 2,000 53,000 5883.37

09.17 Recreation--24th St. to 19th Ave

LABOR 10, AZHH94

09.17.01
09.17.02
09.17.03
09.17.04
09.17.06
09.17.07

09.17.08
09.17.09
09.17.10
09.17.11

Parking Lots
Structures
Trails
Retaining Walls
Staging Areas
Interpretive Signage/Displays

Landscape Materials
Irrigation System
Miscellaneous
Electrical

EQUIP 10, NAT93A

1.00 EA 194,000 16,000 13,000 15,000 2,000 11,000 250,000 249947.48
1. 00 EA 1,052,000 84,000 68,000 83,000 9,000 59,000 1,355,000 1355012.96
1. 00 EA 402,000 32,000 26,000 32,000 3,000 23,000 518,000 517871.85
1.00 EA 512,000 41,000 33,000 40,000 4,000 29,000 660,000 659784.04
1.00 EA 58,000 5,000 4,000 5,000 1,000 3,000 75,000 74997.13

250.00 EA 58,000 5,000 4,000 5,000 1,000 3,000 75,000 300.19
1. 00 EA 152,000 12,000 10,000 12,000 1,000 9,000 196,000 195925.33
1.00 EA 85,000 7,000 6,000 7,000 1,000 5,000 110,000 109996.22
1. 00 EA 171,000 14,000 11,000 13,000 1,000 10,000 220,000 220056.85
1. 00 EA 89,000 7,000 6,000 7,000 1,000 5,000 115,000 115008.05

----------- ----------- ----------- ----------- ----------- ----------- -----------

Currency in DOLLARS CREW 10. R0793A UPS 10, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - SubFeatr (Rounded to 1000's)

TIME 13,58,39

SUMMARY PAGE

QUANTITY UOM TOTAL DIRECT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST

TOTAL Recreation--24th St. to 19th Ave

TOTAL Rio Salado Feasibility Study

TOTAL Phoenix Reach (Recommended Plan)

09.18
09.19

Mob/Demob and Prep Work
Real Estate

1. 00 EA

1. 00 EA
1. 00 EA

1.00 EA

1.00 EA

2,774,000 222,000 180,000 219,000 24,000 156,000

776,000 62,000 50,000 61,000 7,000 44,000
2,410,000 193,000 156,000 190,000 21,000 135,000

----------- ----------- ----------- ----------- ----------- -----------
48,315,000 3,865,000 3,131,000 3,811,000 418,000 2,709,000

----------- ----------- ----------- ----------- ----------- -----------
52,169,000 4,173,000 3,381,000 4,115,000 451,000 2,925,000

3,574,000

1,000,000
3,105,000

62,248,000

67,214,000

3573648.56

999789.92
3105017.66

62248414.43

67213611.42

CONTINGENCY (20%)

SUBTOTAL
Planning, Engineering, Design (7.0%)

SUBTOTAL
Supervision & Administration (6.5%)

TOTAL INCL OWNER COSTS

13,443,000

80,656,000
5,646,000

86,302,000
5,610,000

91,912,000

•
UPB 10, RG793ALABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility StUdy

PROJECT INDIRECT SUMMARY - Level 4 (Rounded to 1000'S)

•TIME 13,58,39

SUMMARY PAGE

02 Tempe Reach (Recommended Plan)

02.01 Mesquite Bosque/Upland

QUANTITY UOM TOTAL DIRECT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST

TOTAL Mesquite Bosque/Upland

02.01.01
02.01.02
02.01.03

Bench - Indian Bend wash
Upstream of Salt River
Downstream of Salt River

20.00 ACR 170,000 14,000 11,000 13,000 1,000 10,000 219,000 10951.31
5.00 ACR 43,000 3,000 3,000 3,000 0 2,000 55,000 10951. 31
5.00 ACR 43,000 3, 000 3,000 3,000 0 2,000 55,000 10951.31

----------- ----------- ----------- ----------- ----------- - - -- -- - - - -- -----------
30.00 ACR 255,000 20,000 17,000 20,000 2,000 14,000 329,000 10951 .31

02.02 Cottonwood/Willow

02.02.01
02.02.03

Upstream Salt River
Downstream Salt River

TOTAL Cottonwood/Willow

10.00 ACR
10.00 ACR

20.00 ACR

99,000
99,000

198,000

8,000
8,000

16,000

6,000
6,000

13,000

8,000
8,000

16,000

1,000
1,000

2,000

6,000
6,000

11,000

128,000
128,000

255,000

12755.05
12755.05

12755.05

02.03 Wetland Marsh

TOTAL Wetland Marsh

02.06 Annual OMRR&R

02.03.02
02.03.03
02.03.06

Upstream Salt River
Impermeable Soil Liner
Downstream Salt River

8.00 ACR 88,000 7,000 6,000 7,000 1,000 5,000 113,000 14172.28
16.00 ACR 116,000 9,000 8,000 9,000 1,000 7,000 150,000 9345.97

8.00 ACR 88,000 7,000 6,000 7,000 1,000 5,000 113,000 14172.28
----------- ----------- ----------- ----------- ----------- ----------- -----------

16 .00 ACR 292,000 23,000 19,000 23,000 3,000 16,000 376,000 23518.25

1. 00 EA 49,000 4,000 3,000 4,000 0 3,000 63,000 63079.53

02.07 Water

02.07.02 Ground Water, Shallow Wells

TOTAL Water

TOTAL Ground Water, Shallow Wells

02.07.02.001
02.07.02.002

Capital Costs
O&M Costs

1. 00 EA 546,000 44,000 35,000 43,000 5,000 31,000 703,000 703018 .51
1. 00 EA 99,000 8,000 6,000 8,000 1,000 6,000 128,000 127550. 52

----------- ----------- ----------- ----------- ----------- ----------- -----------
1. 00 EA 645,000 52,000 42,000 51,000 6,000 36,000 831,000 830569.03

----------- ----------- ----------- ----------- ----------- ----------- -----------
645,000 52,000 42,000 51,000 6,000 36,000 831,000

02.08 Pump & Pipe System

TOTAL Pump & Pipe System

LABOR 10, AZHH94

02.08.01
02.08.02
02.08.03
02.08.04
02.08.05

Pipes
Pump
Excavation
Back Fill
Hauling and Disposal of Excess

EQUIP !D, NAT93A

1. 00 EA 482,000 39,000 31,000 38,000 4,000 27,000 621,000 620715.34
1. 00 EA 6,000 1,000 0 0 0 0 8,000 8152.01

5155.00 CY 17,000 1,000 1,000 1,000 0 1,000 22,000 4.35
2878.00 CY 4,000 0 0 0 0 0 5,000 1. 70
2277.00 CY 3,000 0 0 0 0 0 4,000 1. 84

----------- ----------- ----------- ----------- ----------- ----------- -----------
1. 00 EA 513,000 41,000 33,000 40,000 4,000 29,000 660,000 660369.52

Currency in DOLLARS CREW 10, R0793A UPB !D, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - Level 4 (Rounded to 1000's)

TIME 13 :58:39

SUMMARY PAGE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
QUANTITY UOM TOTAL DIRECT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST

----------------------------------------------------------------------- .. _--------------------------------------------------------------------------------------------------

02.14 Operation & Maintenance Roads

02.14.01
02.14.02

02.09
02.12
02.13

02.15
02.16

24" Rep Gravity Drain Pipe
36" Conveyance Pipeline
Recreation Features

Concrete Pavement
Decomposed Granite

TOTAL Operation & Maintenance Roads

Mob/Demob And Prep Work
Water Distribution/Irrigation

TOTAL Tempe Reach (Recommended Plan

1250.00 LF 92,000 7,000 6,000 7,000 1,000 5,000 119,000
4150.00 LF 522,000 42,000 34,000 41,000 5,000 29,000 672,000

1. 00 EA 389,000 31,000 25,000 31,000 3. 000 22,000 501,000

190560 .00 SF 279,000 22,000 18,000 22,000 2,000 16,000 360,000
3600. 00 SF 15,000 1,000 1,000 1,000 0 1,000 19,000

----------- ----------- ----------- _._-------- ----------- ----------- -----------
1. 00 EA 294,000 24,000 19,000 23,000 3,000 16,000 379,000

1.00 EA 233,000 19,000 15,000 18,000 2,000 13,000 300,000
66.00 ACR 373,000 30,000 24,000 29,000 3,000 21,000 480,000

----------- ----------- ----------- ----------- ----------- ----------- -----------
3,854,000 308,000 250,000 304,000 33,000 216,000 4,965,000

95.01
162.00

501466.60

1. 89
5.29

378589.52

300194.65
7271.67

09 Phoenix Reach (Recommended Plan)

09.01 Low Flow Channel

TOTAL Low Flow Channel

09.01.01
09.01.02
09.01.03
09.01.04
09.01.05
09.01.06
09.01.07

Excavation
Soil Cement
RCC for 4 Drop Structures
Back Fill
Gravel for 5 Islands (stabilizer
Hauling & Disposal of Exc. Mat'l
Credit on Mineral Value of

3010471.00 CY 10,157,000 813,000 658,000 801,000 88,000 570,000 13,086,000 4.35
120192.00 CY 1,833,000 147,000 119,000 145,000 16,000 103,000 2,362,000 19.65

8500.00 CY 602,000 48,000 39,000 47,000 5,000 34,000 775,000 91.18
61600.00 CY 81,000 7,000 5,000 6,000 1,000 5,000 105,000 1.70

246000.00 CY 5,283,000 423,000 342,000 417,000 46,000 296,000 6,806,000 27.67
2948871.00 CY 4,222,000 338,000 274,000 333,000 36,000 237,000 5,439,000 1. 84
2948871.00 CY -3,685,000 -294,000 -238,000 -290,000 -31,000 -206,000 -4,748,000 -1. 61

----------- ----------- ----------- ----------- ----------- ----------- -----------
1. 00 EA 18,491,000 1,479,000 1,198,000 1,459,000 160,000 1,037,000 23,824,000 23824074.34

09.02 Mesquite Bosque/Upland

TOTAL Mesquite Bosque/Upland

09.02.01
09.02.02

Overbank
Bench/Bank

20.00 ACR 170,000 14,000 11,000 13,000 1,000 10,000 219,000 10951.31
110.00 ACR 935,000 75,000 61,000 74,000 8,000 52,000 1,205,000 10951.31

----------- ----------- ----------- ----------- ----------- ----------- -----------
130.00 ACR 1,105,000 88,000 72,000 87,000 10,000 62,000 1,424,000 10951 .31

09.03 Cottonwood/Willow

09.03.01
09.03.03

Bench/Bank
Overbank

TOTAL Cottonwood/Willow

79 .00 ACR 782,000 63,000 51,000 62,000 7,000 44,000 1,008.000 12755.05
20 .00 ACR 198,000 16,000 13,000 16,000 2,000 11,000 255,000 12755.05

----------- ---- - - - - - -- ----------- ----------- - - - -------- ----------- -----------
99 .00 ACR 980,000 78,000 64,000 77,000 8,000 55,000 1,263,000 12755. 05

09.04 Wetland Marsh

•
Currency in DOLLARS

•
14172.28

•
UPS ID: RG793A

567,000

CREW ID, R0793A

25,0004,00035,00029,00035,000440,00040.00 ACR

EQUIP ID: NAT93ALABOR ID: AZHH94

09.04.01 Bench/Bank



•Fri 13 Mar 1998
Eff. Date 03/13/98

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - Level 4 (Rounded to 1000's)

•TIME 13,58,39

SUMMARY PAGE

09.04.02 Open Water w/ Liner

TOTAL Wetland Marsh

09.06 Annual OMRR&R (Riparian Habitat)

09.07 Water (5.82 MGD)

09.07.02 Well Water-Capital and O&M costs

QUANTITY UOM

.00 ACR

49.00 ACR

1. 00 EA

TOTAL DIRECT

98,000

538,000

210,000

OVERHEAD

8,000

43,000

17,000

HOME OFC

6,000

35,000

14,000

PROFIT

8,000

42,000

17,000

BOND

1,000

5,000

2,000

az priv

6,000

30,000

12,000

TOTAL COST

127,000

693,000

270,000

UNIT COST

14062.05

14152.03

270432.87

09.07.02.001
09.07.02.002

Capital Costs
O&M Costs (Shallow Wells)

1.00 EA
1.00 EA

10,369,000
658,000

829,000
53,000

672,000
43,000

818,000
52,000

90,000
6,000

581,000
37,000

13,359,000
848,000

13358803.78
847721.36

TOTAL Well Water-Capital and O&M co

TOTAL Water (5.82 MGD)

.00 EA

1.00 EA

11,027,000

11,027,000

882,000

882,000

715,000

715,000

870,000

670,000

95,000

95,000

618,000

618,000

14,207,000

14,207,000

14206525.14

14206525.14

09.10
09.11

Design Development Test Habitat
Liner (9 acres of Open Water

1. 00 EA
18.00 ACR

388,000
284,000

31,000
23,000

25,000
18,000

31,000
22,000

3,000
2,000

22,000
16,000

500,000
366,000

499894.96
20307.59

09.12 Collector Levees and Outlets

09.12.01
09.12.02
09.12.03

Excavation
Back Fill
Rip Rap

1722.00 CY
3000.00 CY

347.00 CY

6,000
2,000

10,000

o
o

1,000

o
o

1,000

o
o

1,000

o
o
o

o
o

1,000

7,000

3,000
13,000

4.35

0.84
37.48

TOTAL Collector Levees and Outlets

09.13 Operation & Maintenance Roads

09.15 Water Distribution/Irrigation

1. 00 EA

1. 00 EA

18,000

792,000

1,000

63,000

1,000

51,000

1,000

62,000

o

7,000

1,000

44,000

23,000

1,020,000

23009.55

1020404.14

09.15.01
09.15.02
09.15.03

General Infrastructure--Pressure
Drip System (Pressure System)
Gravity Distribution System

1. 00 EA
1.00 EA
1. 00 EA

1,431,000
5,109,000
1,940,000

115,000
409,000
155,000

93,000
331,000
126,000

113,000
403,000
153,000

12,000
44,000
17,000

80,000
286,000
109,000

1,844,000
6,583,000
2,500,000

1844220.73
6583006.06
2500033.95

TOTAL Water Distribution/Irrigation

09.16 Perennial Stream in Low Flow Ch.

1. 00 EA 8,481,000 679,000 550,000 669,000 73,000 476,000 10,927,000 10927260.74

09.16.01
09.16.02

Excavation
Soil Cement

TOTAL Perennial Stream in Low Flow

4890.00 CY
1613 . 00 CY

9.00 ACR

16,000
25,000

41,000

1,000
2,000

3,000

1,000
2,000

3,000

1,000
2,000

3,000

1,000
1,000

2,000

21,000
32,000

53,000

4.35
19.65

5883.37

09.17 Recreation--24th St. to 19th Ave

09.17.01 Parking Lots 1. 00 EA 194,000 16,000 13,000 15,000 2,000 11,000 250,000 249947.48

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW !D, R0793A UPS 10, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of E~gineers

PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - Level 4 (Rounded to 1000's)

TIME 13,58,39

SUMMARY PAGE 10

----------------------------------------------------------------------------------------------------------------------------------------~-----------------------------------

QUANTITY UOM TOTAL DIRECT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TOTAL Parking Lots 1. 00 EA 194,000 16,000 13,000 15,000 2,000 11,000 250,000 249947.48

09.17.02 Structures

TOTAL Structures

09.17.02.001
09.17.02.002
09.17.02.003
09.17.02.005
09.17.02.006
09.17.02.007

Information Kiosks
Visitor/Interpretive Center
Overlooks w/ Railings
Shade Structures

Bridges
Restroom Facility

1. 00 EA 35,000 3,000 2,000 3,000 0 2,000 45,000 45002.14
1. 00 EA 171,000 14,000 11,000 13,000 1,000 10,000 220,000 220024.64
1.00 EA 105,000 8,000 7,000 8,000 1,000 6,000 135,000 135009.00
1. 00 Ell 326,000 26,000 21,000 26,000 3,000 18,000 420,000 420005.82
1. 00 EA 182,000 15,000 12,000 14,000 2,000 10,000 235,000 234982.84
1. 00 EA 233,000 19,000 15,000 18,000 2,000 13,000 300,000 299988.51

----------- ----------- ----------- ----------- ----------- ----------- -----------
1. 00 EA 1,052,000 84,000 68,000 83,000 9,000 59,000 1,355,000 1355012. 96

09.17.03 Trails

TOTAL Trails

09.17.03.001
09.17.03.002
09.17.03.003
09.17.03.004

Paved Interpretive
Stabilized O. G.
Graded Earthen

Ramps

84480.00 SF 199,000 16,000 13,000 16,000 2,000 11,000 256,000 3.03
126730.00 SF 89,000 7,000 6,000 7,000 1,000 5,000 114,000 0.90
464640.00 SF 46,000 4,000 3,000 4,000 0 3,000 60,000 0.13

35000.00 SF 68,000 5,000 4,000 5,000 1,000 4,000 88,000 2.51
----------- ----------- ----------- ----------- ----------- ----------- -----------

1.00 EA 402,000 32,000 26,000 32,000 3,000 23,000 518,000 517871.85

09.17.04 Retaining Walls

TOTAL Retaining Walls

09.17.04.001
09.17.04.002
09.17.04.003

C. 1. P.

Gabions
Boulders

2000.00 LF 233,000 19,000 15,000 18,000 2,000 13,000 300,000 150.03
2000.00 LF 124,000 10,000 8,000 10,000 1,000 7,000 160,000 79.88
4000.00 LF 155,000 12,000 10,000 12,000 1,000 9,000 200,000 49.99

----------- ----------- ----------- ----------- ----------- ----------- -----------
1.00 EA 512,000 41,000 33,000 40,000 4,000 29,000 660,000 659784.04

09.17.06 Staging Areas

TOTAL Staging Areas

09.17.09 Irrigation System

09.17.08 Landscape Materials

TOTAL Landscape Materials

•
UPB 10, RG793A

75,000 74997.13
-----------

75,000 74997.13

75,000 300.19

92,000 91520.72
92,000 91520.72
13,000 0.13

-----------
196,000 195925. 33

110,000 109996.22

CREW 10, R0793A

1.00 EA 58,000 5,000 4,000 5,000 1,000 3,000
----------- ----------- ----------- ----------- ----------- -----------

1. 00 EA 58,000 5,000 4,000 5,000 1,000 3,000

250.00 EA 58,000 5,000 4,000 5,000 1,000 3,000

1.00 EA 71,000 6,000 5,000 6,000 1,000 4,000
1. 00 EA 71,000 6,000 5,000 6,000 1,000 4,000

100000.00 SF 10,000 1,000 1,000 1,000 0 1,000
----------- ----------- ----------- ----------- ----------- -----------

1. 00 EA 152,000 12,000 10,000 12,000 1,000 9,000

1.00 EA 85,000 7,000 6,000 7,000 1,000 5,000

Currency in DOLLARS

•
EQUIP 10, NAT93A

Willow
Mesquite
Riparian Seed Mix

•

09.17.06.001 Large Formal (30-70 people)

LABOR 10, AZHH94

09.17.07 Interpretive Signage/Oisplays

09.17.08.001
09.17.08.002
09.17.08.003



•Fri 13 Mar 1998
Eff. Date 03/13/98

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT INDIRECT SUMMARY - Level 4 (Rounded to 1000'S)

•
SUMMARY PAGE 11

09.17.10 Miscellaneous

QUANTITY UOM TOTAL DIRECT OVERHEAD HOME OFC PROFIT BOND az priv TOTAL COST UNIT COST

TOTAL Miscellaneous

09.17.10.001
09.17.10.002
09.17.10.003

Drinking Fountains
Benches (Custom)

Benches (Recycled)

10.00 EA 39,000 3,000 3,000 3,000 0 2,000 50,000 4998.95
60.00 EA 70,000 6,000 5,000 6,000 1,000 4,000 90,000 1500.97

100.00 EA 62,000 5,000 4,000 5,000 1,000 3,000 80,000 800.09
----------- ----------- ----------- ----------- ----------- ----------- -----------

1. 00 EA 171,000 14,000 11,000 13,000 1,000 10,000 220,000 220056.85

09.17.11 Electrical

TOTAL Electrical

09.17.11.001
09.17.11.002

09.18
09.19

Service
Area Lights

TOTAL Recreation--24th St. to 19th

Mob/Oemob and Prep Work
Real Estate

TOTAL Phoenix Reach (Recommended Pl

TOTAL Rio Salado Feasibility Study

1. 00 EA
10.00 EA

1. 00 EA

1.00 EA

1. 00 EA
1. 00 EA

1. 00 EA

1. 00 EA

58,000 5,000 4,000 5,000 1,000 3,000
31,000 2,000 2,000 2,000 0 2,000

----------- ----------- ----------- ----------- ----------- -----------
89,000 7,000 6,000 7,000 1,000 5,000

----------- ----------- ----------- ----------- ----------- - - - - -- - - - --

2,774,000 222,000 180,000 219,000 24,000 156,000

776,000 62,000 50,000 61,000 7,000 44,000
2,410,000 193,000 156,000 190,000 21,000 135,000

----------- ----------- ----------- ----------- ----------- -----------
48,315,000 3,865,000 3,131,000 3,811,000 418,000 2,709,000

----------- ----------- ----------- ----------- ----------- -----------

52,169,000 4,173,000 3,381,000 4,115,000 451,000 2,925,000

75,000
40,000

115,000

3,574,000

1,000,000
3,105,000

62,248,000

67,214,000

75003.57
4000.45

115008. OS

3573648.56

999789.92
3105017.66

62248414.43

67213611.42

CONTINGENCY 120%)

SUBTOTAL
Planning, Engineering. Design (7.0\)

SUBTOTAL
Supervision & Administration (6.5%)

TOTAL INCL OWNER COSTS

13,443,000

80,656,000
5,646,000

86,302,000
5,610,000

91,912,000

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98

u.s: Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT DIRECT SUMMARY - Contract (Rounded to 1000's)

TIME 13:58:39

SUMMARY PAGE 12

------------------------------------------------------------------------------------------------- --------------------------------------------------------------------
QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

02 Tempe Reach (Recommended Plan)
09 Phoenix Reach (Recommended Plan)

Rio Salado Feasibility Study

FIELD OFFICE OVERHEAD (8.00%)

SUBTOTAL
HOME OFFICE OVERHEAD (6.00%)

SUBTOTAL
Profit (6.89%1

SUBTOTAL
Performance & Payment Bond (0.70%)

SUBTOTAL
Az. Business Privledge Tax (4.55%)

TOTAL INCL INDIRECTS
CONTINGENCY (20%)

SUBTOTAL
Planning, Engineering, Design (7.0%)

SUBTOTAL
Supervision & Administration (6.5\)

TOTAL INCL OWNER COSTS

9,000 259,000 65,000 482,000
1. 00 EA 177,000 6,084,000 10,261,000 2,588,000

--------- --------- ----------- -----------
1. 00 EA 185,000 6,343,000 10,326,000 3,070,000

3,047,000
29,383,000

32,430,000

3,854,000
48,315,000

52,169,000

4,173,000

56,342,000
3,381,000

59,723,000
4,115,000

63,838,000
451,000

64,288,000
2,925,000

67,214,000
13,443,000

80,656,000
5,646,000

86,302,000
5,610,000

91,912,000

48314919.73

52168722.21

•
UPB ID: RG793A

LABOR ID: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A

•



• • •Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT DIRECT SUMMARY - Feature (Rounded to 1000's)
SUMMARY.PAGE 13

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02 Tempe Reach (Recommended Plan)

TOTAL Tempe Reach (Recommended Plan)

02.01
02.02
02.03
02.06
02.07
02.08
02.09
02.12
02.13
02.14
02.15
02.16

Mesquite Bosque/Upland
Cottonwood/Willow
Wetland Marsh
Annual OMRR&R
Water
Pump & Pipe System
24" Rep Gravity Drain Pipe
36" Conveyance Pipeline
Recreation Features
Operation & Maintenance Roads
Mob/Demob And Prep Work
Water Distribution/Irrigation

30.00 ACR 0 0 0 255,000 255,000 8500.00
20.00 ACR 0 0 0 198,000 198,000 9900.00
16.00 ACR 0 0 0 292,000 292,000 18254.00

1. 00 EA 0 0 0 49,000 49,000 48960.00
0 0 0 645,000 645,000

1. 00 EA 7,000 215,000 54,000 21ti,000 0 513,000 512554.43
1250.00 LF 0 0 0 0 92,000 92,000 73.74
4150.00 LF 0 0 0 0 522,000 522,000 125.74

1. 00 EA 0 0 0 0 389,000 389,000 389219.85
1. 00 EA 1,000 44,000 11,000 238,000 0 294,000 293847.20
1. 00 EA 0 0 0 0 233,000 233,000 233000.00

66.00 ACR 0 0 0 0 373,000 373,000 5644.00
--------- --------- ----------- ----------- - - -- -- - - - -- -----------

9,000 259,000 65,000 482,000 3,047,000 3,854,000

09 Phoenix Reach (Recommended Plan)

FIELD OFFICE OVERHEAD (8.00%)

TOTAL Phoenix Reach (Recommended Plan)

TOTAL Rio Salado Feasibility Study

SUBTOTAL
HOME OFFICE OVERHEAD (6.00%)

0 18,491,000 18491366.40
1,105,000 1,105,000 8500.00

980,000 980,000 9900.00
440,000 538,000 10984.28
210,000 210,000 209900.00

11,027,000 11,027,000 11026580.00
388,000 388,000 388000.00

0 284,000 15762.00
0 18,000 17859.16

792,000 792,000 792000.00
8,481,000 8,481,000 8481336.12

0 41,000 4566.46
2,774,000 2,774,000 2773734.00

776,000 776,000 776000.00
2,410,000 2,410,000 2410000.00

----------- -----------
29,383,000 48,315,000 48314919.73

----------- -----------
32,430,000 52,169,000 52168722.21

4,173,000
-----------
56,342,000

3,381,000
-----------
59,723,000
4,115,000

-----------
63,838,000

451,000

CREW 10: R0793A UPB ID: RG793ACurrency in DOLLARS

1.00 EA 171,000 5,926,000 10,239,000 2,326,000
130.00 ACR 0 0 0 0

99.00 ACR 0 0 0 0
49.00 ACR 2,000 41,000 0 56,000

1. 00 EA 0 0 0 0
1. 00 EA 0 0 0 0
1. 00 EA 0 0 0 0

18.00 ACR 4,000 100,000 1,000 183,000
1. 00 EA 0 5,000 4,000 8,000
1. 00 EA 0 0 0 0
1. 00 EA 0 0 0 0
9.00 ACR 0 11,000 16,000 14,000
1. 00 EA 0 0 0 0
1.00 EA 0 0 0 0
1. 00 EA 0 0 0 0

--------- --------- ----------- -----------
1. 00 EA 177,000 6,084,000 10,261,000 2,588,000

--------- --------- ----------- -----------
1. 00 EA 185,000 6,343,000 10,326,000 3,070,000

EQUIP 10: NAT93A

Low Flow Channel
Mesquite Bosque/Upland
Cottonwood/Willow
Wetland Marsh
Annual OMRR&R (Riparian Habitat)
Water (5.82 MGD)
Design Development Test Habitat
Liner (9 acres of Open Water
Collector Levees and Outlets
Operation & Maintenance Roads
Water Distribution/Irrigation
Perennial Stream in Low Flow Ch.
Recreation--24th St. to 19th Ave
Mob/Demob and Prep Work
Real Estate

SUBTOTAL
Performance & Payment Bond (0.70%)

LABOR 10: AZHH94

SUBTOTAL
Profit (6.89%)

09.01
09.02
09.03
09.04
09.06
09.07
09.10
09.11
09.12
09.13
09.15
09.16
09.17
09.18
09.19



Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT DIRECT SUMMARY - Feature (Rounded to 1000's)
SUMMARY PAGE 14

SUBTOTAL
Az. Business Privledge Tax (4.55%)

TOTAL INCL INDIRECTS
CONTINGENCY (20%)

SUBTOTAL
Planning. Engineering, Design (7.0%)

SU8TOTAL
Supervision & Administration (6.5%)

TOTAL INCL OWNER COSTS

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST

64,288,000
2,925,000

67,214,000
13,443,000

80,656,000
5,646,000

86,302,000
5,610,000

91,912,000

UNIT COST

•
UPB ID, RG793ALABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS

•
CREW ID, R0793A

•



• • •Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT DIRECT SUMMARY - SubFeatr (Rounded to 1000's)
SUMMARY PAGE 15

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02 Tempe Reach (Recommended Plan)

02.01 Mesquite Bosque/Upland

TOTAL Mesquite Bosque/Upland

02.01.01
02.01. 02
02.01.03

Bench - Indian Bend Wash
Upstream of Salt River
Downstream of Salt River

20.00 ACR 0 0 170,000 170,000 8500.00
5.00 ACR 0 0 43,000 43,000 8500.00
5.00 ACR 0 0 43,000 43,000 8500.00

--------- --------- ----------- ----------- ----------- -----------
30.00 ACR 0 255,000 255,000 8500.00

02.02 Cottonwood/Willow

TOTAL Cottonwood/Willow

02.02.01
02.02.03

Upstream Salt River
Downstream Salt River

10.00 ACR 0 0 0 0 99,000 99,000 9900.00
10.00 ACR 0 0 0 0 99,000 99,000 9900.00

--------- --------- ----------- ----------- ----------- -----------
20.00 ACR 198,000 198,000 9900.00

02.03 Wetland Marsh

TOTAL Water

TOTAL Wetland Marsh

02.06 Annual OMRR&R

02.07 Water

8.00 ACR 0 0 88,000 88,000 11000.00
16.00 ACR 0 0 116,000 116,000 7254.00

8.00 ACR 0 0 88,000 88,000 11000.00
--------- --------- ----------- ---._------ - - -- -- - - - -- -----------

16.00 ACR 0 292,000 292,000 18254.00

1. 00 EA 0 0 49,000 49,000 48960.00

1. 00 EA 0 0 645,000 645,000 644657.00
--------- --------- ----------- ----------- ----------- -----------

0 645,000 645,000

Upstream Salt River
Impermeable Soil Liner
Downstream Salt River

02.07.02 Ground Water, Shallow Wells

02.03.02
02.03.03
02.03.06

02.08 Pump & Pipe System

TOTAL Pump & Pipe System

LABOR 10, AZHH94

24 11 RCP Gravity Drain Pipe
36" Conveyance Pipeline
Recreation Features

02.08.01
02.08.02
02.08.03
02.08.04
02.08.05

02.09
02.12
02.13

Pipes
Pump
Excavation
Back Fill
Hauling and Disposal of Excess

EQUIP 10, NAT93A

1.00 EA 7,000 204,000 39,000 239,000 482,000 481776.32
1. 00 EA 0 1,000 0 5,000 6,000 6327.29

5155.00 CY 0 6,000 11,000 0 17,000 3.37
2878.00 CY 0 3,000 1,000 0 4,000 1.32
2277.00 CY 0 1,000 2,000 0 3,000 1.43

-.------- --------- ----------- ----------- ----------- -----------
1. 00 EA 7,000 215,000 54,000 244,000 513,000 512554.43

1250.00 LF 0 0 0 0 92,000 92,000 73.74
4150.00 LF 0 0 0 0 522,000 522,000 125.74

1.00 EA 0 0 0 0 389,000 389,000 389219.85

Currency in DOLLARS CREW 10, R0793A UPB ro, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT DIRECT SUMMARY - SubFeatr (Rounded to 1000's)

TIME 13,58,39

SUMMARY PAGE 16

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
QUANTITY UOM 'MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

------------------------------.---------------------------------------------------------------------------------------------------------------------------------------------

02.14 Operation & Maintenance Roads

TOTAL Tempe Reach (Recommended Plan)

TOTAL Operation & Maintenance Roads

02.14.01
02.14 . 02

02.15
02.16

Concrete Pavement
Decomposed Granite

Mob/Demob And Prep Work
Water Distribution/Irrigation

190560.00 SF 1,000 37,000 11,000 231,000 279,000 1. 46
3600.00 SF 0 7,000 0 8,000 15,000 4. 10

--------- --------- ----------- ----------- ----------- -----------
1.00 EA 1,000 44,000 11,000 238,000 294,000 293847. 20

1 .00 EA 0 233,000 233,000 233000. 00
66. 00 ACR 0 373,000 373,000 5644. 00

--------- --------. ----------- ----------- ----------- -----------
9,000 259,000 65,000 482,000 3,047,000 3,854,000

09 Phoenix Reach (Recommended Plan)

09.01 Low Flow Channel

TOTAL Low Flow Channel

09.01.01
09.01.02
09.01.03
09.01.04
09.01.05
09.01.06
09.01.07

Excavation
Soil Cement
RCC for 4 Drop Structures
Back Fill
Gravel for 5 Islands (stabilizer
Hauling & Disposal of Exc. Mat'l
Credit on Mineral Value of

3010471.00 CY 93,000 3,482,000 6,675,000 0 0 10,157,000 3.37
120192.00 CY 13,000 411,000 412,000 1,010,000 0 1,833,000 15.25

8500.00 CY 0 17,000 10,000 575,000 0 602,000 70.77
61600.00 CY 2,000 65,000 16,000 0 0 81,000 1.32

246000.00 CY 25,000 753,000 102,000 4,428,000 0 5,283,000 21.47
2948871.00 CY 39,000 1,199,000 3,023,000 0 0 4,222,000 1.43
2948871.00 CY 0 0 0 -3,685,000 0 -3,685,000 -1.25

--------- --------- ----------- ----------- ----------- -----------
1. 00 EA 171,000 5,926,000 10,239,000 2,326,000 18,491,000 18491366 .40

09.02 Mesquite Bosque/Upland

TOTAL Mesquite Bosque/Upland

09.02.01
09.02.02

Overbank
Bench/Bank

20.00 ACR 170,000 170,000 8500.00
110.00 ACR 935,000 935,000 8500.00

--------- --------- ----------- ----------- ----------- -----------
130.00 ACR 0 0 0 1,105,000 1,105,000 8500.00

09.03 Cottonwood/Willow

TOTAL Cottonwood/Wiiiow

09.03.01
09.03.03

Bench/Bank
Overbank

79 .00 ACR 0 0 782,000 782,000 9900.00
20. 00 ACR 0 0 198,000 198,000 9900.00

--------- --------- ----------- ----------- ----------- -----------
99.00 ACR 980,000 980,000 9900.00

09.04 Wetland Marsh

09.04.01
09.04.02

Bench/Bank
Open Water w/ Liner

40.00 ACR
9.00 ACR

o
2,000

o
41,000

o
56,000

440,000
o

440,000
98,000

11000.00
10914 .44

TOTAL Wetland Marsh

•
Currency in DOLLARS

• •
10984.28

UPB ID: RG793A

538,000

CREW ID, R0793A

440,00056,000o41,0002,00049.00 ACR

EQUIP ID, NAT93ALABOR ID, AZHH94



• • •Fri 13 Mar 1998

Eff. Date 03/13/98
U.S. Army Corps of Engineers

PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT DIRECT SUMMARY - SubFeatr (Rounded to 1000's)

TIME 13:58:39

SUMMARY PAGE 17

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

TOTAL Water (5.82 MGD)

09.07 Water (5.82 MGD)

TOTAL Collector Levees and Outlets

TOTAL Water Distribution/Irrigation

1.00 EA 0 210,000 210,000 209900.00

1. 00 EA 0 0 11,027,000 11,027,000 11026580.00
--------- --------- ----------- ----------- ----------- -----------

1. 00 EA 0 0 11,027,000 11,027,000 11026580.00

1.00 EA 0 0 0 0 388,000 388,000 388000.00
18.00 ACR 4,000 100,000 1,000 183,000 0 284,000 15762.00

1722.00 CY 0 2,000 4,000 0 6,000 3.37
3000.00 CY 0 2,000 0 0 2,000 0.65

347.00 CY 0 2,000 0 8,000 10,000 29.09
--------- --------- ----------- ----------- --.-._----- -----------

1.00 EA 5,000 4,000 8,000 18,000 17859.16

1.00 EA 0 792,000 792,000 792000.00

1. 00 EA 0 0 1,431,000 1,431,000 1431416.00
1.00 EA 0 0 5,109,000 5,109,000 5109486.12
1.00 EA 0 0 1,940,000 1,940,000 1940434.00

--------- --------- ----------- ----------- ----------- -----------
1. 00 EA 0 8,481,000 8,481,000 8481336.12

Excavation
Back Fill
Rip Rap

General Infrastructure--Pressure
Drip System (Pressure System)
Gravity Distribution System

Collector Levees and Outlets

Design Development Test Habitat
Liner (9 acres of Open Water

09.10
09.11

09.12

09.12.01
09.12.02
09.12.03

09.07.02 Well Water-Capital and O&M costs

09.13 Operation & Maintenance Roads

09.15.01
09.15.02
09.15.03

09.06 Annual OMRR&R (Riparian Habitat)

09.15 Water Distribution/Irrigation

09.16 Perennial Stream in Low Flow Ch.

TOTAL Perennial Stream in Low Flow Ch.

09.16.01
09.16.02

Excavation
Soil Cement

4890.00 CY 6,000 11,000 0 16,000 3.37
1613.00 CY 6,000 6,000 14,000 25,000 15.25

--------- --------- ----------- ----------- - -- - -- - - - -- -----------
9.00 ACR 11,000 16,000 14,000 0 41,000 4566.46

09.17 Recreation--24th St. to 19th Ave

LABOR ID: AZHH94

09.17.01
09.17.02
09.17.03
09.17.04
09.17.06
09.17.07
09.17.08
09.17.09
09.17.10
09.17.11

Parking Lots
Structures
Trails
Retaining Walls
Staging Areas
Interpretive Signage/Displays
Landscape Materials
Irrigation System
Miscellaneous
Electrical

EQUIP ID, NAT93A

1. 00 EA 0 0 0 0 194,000 194,000 194000.00
1.00 EA 0 0 0 0 1,052,000 1,052,000 1051711.00
1.00 EP. 0 0 0 0 402,000 402,000 401953.00
1. 00 EA 0 0 0 0 512,000 512,000 512100.00
1.00 EA 0 0 0 0 58,000 58,000 58210.00

250.00 EA 0 ° 0 0 58,000 58,000 233.00
1. 00 EA 0 0 0 0 152,000 152,000 152070.00
1. 00 EA 0 0 0 0 85,000 85,000 85375.00
1. 00 EA 0 0 0 0 171,000 171,000 170800.00
1. 00 EA 0 0 0 0 89,000 89,000 89265.00

--------- --------- ----------- ----------- - - - - 6- _____ -----------

Currency in DOLLARS CREW ID, R0793A UPB ID: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98

u.s. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT DIRECT SUMMARY - SubFeatr (Rounded to 1000's)

TIME 13:58:39

SUMMARY PAGE 18

------------.--------------------------------------------------------------------------------------------------------------------------------------------------------------.
QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

----------------------------------------------.---.---------------------------.------------------------------------------------------.--------------------------------------

TOTAL Rio Salado Feasibility Study

TOTAL Recreation--24th St. to 19th Ave

TOTAL Phoenix Reach (Recommended Planl

09.18
09.19

Mob/Demob and Prep Work
Real Estate

1. 00 EA 0 0

1. 00 EA 0 0
1. 00 EA 0 0

--------- --------. ----------- -----------
1. 00 EA 177,000 6,084,000 10,261,000 2,588,000

--------- --------. ----------- -----------
1. 00 EA 185,000 6,343,000 10,326,000 3,070,000

2,774,000

776,000
2,410,000

29,383,000

32,430,000

2,774,000

776,000
2,410,000

48,315,000

52,169,000

2773734.00

776000.00
2410000.00

48314919.73

52168722.21

FIELD OFFICE OVERHEAD (8.00%)

SUBTOTAL
HOME OFFICE OVERHEAD (6.00%)

SUBTOTAL
Profit 16.89%)

SUBTOTAL
Performance & Payment Bond (0.70%)

SUBTOTAL
Az. Business Privledge Tax (4.SS\)

TOTAL INCL INDIRECTS
CONTINGENCY (20%)

SUBTOTAL
Planning, Engineering, Design (7.0%)

SUBTOTAL
Supervision & Administration (6.5%)

TOTAL INCL OWNER COSTS

4,173,000

56,342,000
3,381,000

59,723,000
4,115,000

63,838,000
451,000

64,288,000
2,925,000

67,214,000
13,443,000

80,656,000
5,646,000

86,302,000
5,610,000

91,912,000

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

PROJECT DIRECT SUMMARY - Level 4 (Rounded to 1000's)

•
SUMMARY PAGE 19

02 Tempe Reach (Recommended Plan)

02.01 Mesquite Bosque/Upland

QUJlNTITY UOM MJlNHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

TOTAL Mesquite Bosque/Upland

02.01.01
02.01.02
02.01.03

Bench - Indian Bend Wash
Upstream of Salt River
Downstream of Salt River

20.00 ACR 0 0 170,000 170,000 8500.00
5.00 ACR 0 0 43,000 43,000 8500.00
5.00 ACR 0 0 43,000 43,000 8500.00

--------- --------- ----------- ----------- ----------- -----------
30.00 ACR 255,000 255,000 8500 .00

02.02 Cottonwood/Willow

02.02.01
02.02.03

Upstream Salt River
Downstream Salt River

TOTAL Cottonwood/Willow

10.00 ACR 0 0 0 0 99,000 99,000 9900.00
10.00 ACR 0 0 0 0 99,000 99,000 9900.00

--------- --------- ----------- ----------- - ---------- -----------
20.00 ACR 198,000 198,000 9900.00

02.03 Wetland Marsh

TOTAL Wetland Marsh

02.06 Annual OMRR&R

02.03.02
02.03.03
02.03.06

Upstream Salt River
Impermeable Soil Liner
Downstream Salt River

8.00 ACR 0 0 0 0 88,000 88,000 11000.00
16.00 ACR 0 0 0 0 116,000 116,000 7254.00
8.00 ACR 0 0 0 0 88,000 88,000 11000.00

--------- --------- ----------- ----------- ----------- -----------
16.00 ACR 0 292,000 292,000 18254.00

1. 00 EA 0 49,000 49,000 48960.00

02.07 Water

02.07.02 Ground Water, Shallow Wells

02.07.02.001
02.07.02.002

Capital Costs
O&M Costs

1. 00 EA
1. 00 EA

546,000
99,000

546,000
99,000

545657.00
99000.00

TOTAL Ground Water, Shallow Wells

TOTAL Water

02.08 Pump & Pipe System

1. 00 EA o

o

645,000

645,000

645,000

645,000

644657.00

02.08.01
02.08.02

02.08.03
02.08.04
02.08.05

Pipes
Pump

Excavation
Back Fill
Hauling and Disposal of Excess

TOTAL Pump & Pipe System

1 .00 EA 7,000 204,000 39,000 239,000 0 482,000 481776.32
1 .00 EA 0 1,000 0 5,000 0 6,000 6327.29

5155 .00 CY 0 6,000 11,000 0 0 17,000 3.37
2878.00 CY 0 3,000 1,000 0 0 4,000 1.32
2277.00 CY 0 1,000 2,000 0 0 3,000 1.43

--------- --------- ----------- ----------- ----------- -----------
1. 00 EA 7,000 215,000 54,000 244,000 0 513,000 512554 .43

LABOR 10: AZHH94 EQUIP ID: NAT93A



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•TIME 13:58:39

DETAIL PAGE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
02.01. Mesquite Bosque/Upland QUANTY UOM CREW 10 MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------.

02. Tempe Reach (Recommended Plan)
ALTERNATIVE IBW+(U+D)SR
Indian Bend Wash: 20 acres (mesquite/upland), SO acres (aquatic strand), 10

acres (open space), total c 80 acres.
SR, upstream: 10 acres (cottonwood/willow), 8 acres (wetland), 12 acres

(open space), 5 acres (MU), total. 35 acreS.
SR, downstream: 10 acres (cottonwood/willow), 8 acres (wetland marsh), 12

acres (open space I , 5 acres (MU), total. 35 acres.
02.01. Mesquite Bosque/Upland

TOTAL Bench - Indian Bend Wash 20.00 ACR o o o 170,000 170,000 8500.00

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10: R0793A UPB 10: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)
DETAIL PAGE 2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
02.01. Mesquite Bosque/Upland QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
-----------------------------------------------------------------------------------------------------------.---------------------------------------------------------------.

TOTAL Upstream of Salt River 5.00 ACR o o 42,500 42,500 8500.00

LABOR 10: AZHH94

•
EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•TIME 13,58,39

DETAIL PAGE

02.01. Mesquite Bosque/Upland

TOTAL Downstream of Salt River

TOTAL Mesquite Bosque/Upland

QUANTY UOM CREW 10

5.00 ACR

30.00 ACR

OUTPUT MANHRS

o

LABOR EQUIPMNT MATERIAL UNITCOST

42,500

255,000

TOTAL COST

42,500

255,000

UNIT COST

8500.00

8500.00

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S." Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13,58,39

DETAIL PAGE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
02.02. Cottonwood/Willow QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
-------------------------------------------------------------------------------------------------------------------------------------------¥_-------------------------------

02.02. Cottonwood/Willow
Salt River (20 acres)

TOTAL Upstream Salt River
(upstream and downstream combined)

10.00 ACR o o o o 99,000 99,000 9900.00

•
LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS

•
CREW ID, R0793A UPB ID, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•u.s. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•
DETAIL-PAGE

02.02. Cottonwood/Willow

TOTAL Downstream Salt River

TOTAL Cottonwood/Willow

QUANTY UOM CREW ID

10.00 ACR

20.00 ACR

OtITPUT MANHRS

o

o

LABOR EQUIPMNT

o

MATERIAL

o

UNITCOST

99,000

198,000

TOTAL COST

99,000

198,000

UNIT COST

9900.00

9900.00

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID, R0793A UPB ID, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13,58,39

DETAIL PAGE 6

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
02.03. Wetland Marsh QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

02.03. Wetland Marsh
TOTAL Upstream Salt River 8.00 ACR 88,000 88,000 11000.00

•
LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•
DETAIL PAGE

02.03. Wetland Marsh QUANTY UOM CREW 10 OUTPUT o MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02.03.03. Impermeable Soil Liner
This item is established for Salt River portion and the Low Flow Channel.

Cost is quoted from Mike Ternak.
TOTAL Impermeable Soil Liner 16.00 ACR o 116.064 116.064 7254.00

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13:58:39

DETAIL PAGE

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
02.03. Wetland Marsh QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TOTAL Downstream Salt River

TOTAL Wetland Marsh

8.00 ACR

16.00 ACR

o

o

o 88,000

292,064

88,000

292,064

11000.00

18254.00

•
UPB ID: RG793A

LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•TIME 13:58:39

DETAIL PAGE

02.06. Annual OMRR&R QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02.06. Annual OMRR&R
Until the end of full establishment period, the annual maintenance
activities will include irrigation, replacement of dead plants, removal of
invasive exotic plants, and perhaps, some prunings of the plantings.

Assume 9\ dead plant replacement for the first year (see Table 2: Average
Annual Vegetation Damage, CESPL-ED-HH)

Mesquite Bosque :

Cottonwood/willow

Wetland Marsh:

TOTAL

TOTAL Annual OMRR&R

0.09 * $170,000 ~ $15,300
0.09 • $198,000 $17,820
0.09 • $176,000 $15,840

$48,960

1. 00 EA o 48,960 48,960 48960.00

LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS CREW 10: R0793A UPB 10: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13,58,39

DETAIL PAGE 10

----------------------------------------------------------------------------------------------------~-----------------------------------------------------------------------

02.07. Water QUANTY UOM CREW ID OUTPUT 0 MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
--------------------------------------------------------------------------------------------------------------------------._------------------------------------------------

02.07. Water
02.07.02. Ground Water, Shallow Wells

02.07.02.001. Capital Costs
Water budget = 1.5 MGD (03/13/98)

TOTAL Capital Costs 1.00 EA o 545,657 545,657 545657.00

LABOR ID, AZHH94

•
EQUIP ID, NAT93A Currency in DOLLARS

•
CREW ID, R0793A UPB ID, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•TIME 13:58:39

DETAIL PAGE 11

02.07. Water QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02.07.02.002. O&M Costs
Per Mike Hallisy's calculation (his
MGD translates to about 1,680 AF/yr.

TOTAL O&M Costs 1.00 EA

e-mail: 03/02/98), water budget of 1.5
O&M equals $20,000 + $47/AF c $99,000.

o 0 0 99,000 99,000 99000.00

TOTAL Ground Water, Shallow Wells

TOTAL Water

1. 00 EA o

o

o

o

o

o

644,657

644,657

644,657

644,657

644657.00

LABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS CREW ID: R0793A UPB 10: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

u.s. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13,58,39

DETAIL PAGE 12

02.08. Pump & Pipe System QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02.08. Pump & Pipe System
This system will be installed at the upstream dam of Tempe Town Lake to

convey accumulated water around the lake, and from the upstream to the
downstream portion of the Salt River.

02.08.01. Pipes

<02000 0000 Site Work>
<02450 0000 Utility Pipelines>

<02452 0000 Reinforced Concrete Pipe>
<02452 1000 Reinforced Conc. Pipe Class 3 Without Gaskets>

L MIL PC 36" Reinf. Conc. Pipe w/o Gasket
Reinforced without Gaskets 8350.00 LF UOEHC

MIL PC 12"(31cm) Dia Cl III Conc Pipe
Reinforced without Gaskets 350.00 LF CODEK

TOTAL Pipes .00 Ell

.23 6.64 0.53 5.72 .00 12.89
26.25 80 2,325 186 2,002 0 4,513 12.89

0.80 24.17 4.66 28.33 o. 00 57.16
8.74 6,689 201,803 38,905 236,556 0 477,263 57.16

--------- --------- ----------- ----------- ----------- -----------
6,769 204,127 39,091 238,558 0 481,776 481776.32

•
LABOR ID, AZHH94 EQUIP 10, NIIT9311 Currency in DOLLARS

•
CREW ID, R0793A UPB ID, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•TIME 13,58,39

DETAIL PAGE 13

02.08. Pump & Pipe System

02.08.02. Pump

QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

<15000 0000 Mechanical>

<15050 0000 Basic Materials And Methods>
<15143 0000 Turbine Pumps>

<15143 1000 Cast Iron, Bronze Fitted Vertical Turbine Wet>
<Sump Pumps For Water Supply, Cooling Towers And Process Liquids.>
<Multi-Stage 1750 Rpm Drip-Proof Motor - For One To Five Ft Sump Depth>

<15143 1000 Basic Cost Items>

MIL PC SOOGPM CI Turbine Pump, 6" Disch
150' Head, 3 Stage, 25 HP

TOTAL Pump

1.00 EA MSPFN

1. 00 EA

25.85 965.55 69.74 5292.00
0.16 26 966 70 5,292

--------- --------- ----------- -----------
26 966 70 5,292

0.00
o

6327.29
6,327

6,327

6327.29

6327.29

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPS ro, RG793A



Fri 13 Mar 1998

Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13:58:39

DETAIL PAGE 14

UNIT COSTTOTAL COSTUNITCOSTMATERIALEQUIPMNTLABORMANHRSOUTPUTQUANTY UOM CREW 10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

02.08. Pump & Pipe System

02.08.03. Excavation

Loading All Operations Include>
Or Loading On Trucks (Bank Cubic Yards Per Hour) Note>
Not Include Cost For Hauling. See Csi 02225/ 3000 For>

Site Work>
Earthwork>

Bulk Excavation>
Excavation And

<Digging Piling
<- Pricing Does
<Hauling Costs>

<02225 2100 By Hydraulic Excav.>
<02225 2130 2 Cy Capacity>

<02000 0000
<02200 0000

<02225 0000
<02225 2000

MIL PC Exc & Load,2 CY Hyd EXc, Bl Rock 0.03 1.16 2.22 0.00 0.00 3.3765 CY/Hr (49M3 ) 5155.00 CY CODET 65.00 159 5,962 11,430 0 0 17,392 .37--------- --------- ----------- ----------- ----------- -----------TOTAL Excavation 5155.00 CY 159 5,962 11,430 17,392 .37

•
LABOR ID: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW ID: R0793A UPB 10: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.s: Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility StUdy

02. Tempe Reach (Recommended Plan)

•TIME 13:58:39

DETAIL PAGE 15

02.08. Pump & Pipe System

02.08.04. Back Fill

QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

<02000 0000 Site Work>
<02200 0000 Earthwork>

<02221 0000 Trenching, Backfilling, And Compaction>
<02221 5000 Backfill Trenches - W/O CompactIon>

MIL PC Backfill Trench w/60 HP Tr Dozer
Without compaction 2878.00 CY CODTA

TOTAL Back Fill 2878.00 CY

0.03 1. 05 0.27 0.00 0.00 1. 32
53.25 81 3,028 771 0 0 3,798 1.32

--------- --------- ----------- ----------- __ M ________ -----------
81 3,028 771 3,798 1.32

LABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS CREW ID: R0793A UPB ID: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13:58:39

DETAIL PAGE 16

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
02.08. Pump & Pipe System QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

02.08.05. Hauling and Disposal of Excess
Excavation 5155 cy,
Backfill 2878 cy

Excess 2277 cy

<02000 0000 Site Work>
<02200 0000 Earthwork>

<02225 0000 Bulk Excavation>
<02225 3000 Hauling - Includes Time For Loading, Travel,>

<Dump And Misc. Choose Prod Based On Cycle Time Or Distance. Note ->

<Pricing Does Not Include Cost For Excavation And Loading. See Csi>
<02225/2000 For Excav- Ation And Loading Costs>

<02225 3100 Select Distance Or Cycle Time Assumes Average>
<Speed Varies With Distance. Production Based On Loose Cubic Yards Allow>
<For Swell When Hauling Excavation And Shrinkage When Hauling To>
<Embankments>

MIL PC Haul, 26CY, 3Mi (5Km) Off Hwy Trk O. 01 0.41 1. 03 O. 00
(201M3) Ii> 30 MPH (45 Km/Hr) 2277.00 CY COETK 75.50 30 926 2,334 0
(45Km/Hr) 2.9 Cycles/Hr

--------- --------- ----------- -----------
TOTAL Hauling and Disposal of Excess 2277.00 CY 30 926 2,334

--------- --------- ----------- -----------
TOTAL Pump & Pipe System 1. 00 EA 7,065 215,009 53,696 243,850

0.00
o

o

1. 4 3

3,260

3,260

512,554

1. 43

1.43

512554.43

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•
TIME 13:58:39

DETAIL PAGE 17

02.09. 24" RCP Gravity Drain Pipe QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02.09. 24 11 Rep Gravity Drain Pipe
The drain pipe will carry flows from the downstream end of Indian Bend Wash
to the upstream portion of the Salt River.

TOTAL 24" RCP Gravity Drain Pipe 1250.00 LF 0 0 o o 92,175 92,175 73.74

LABOR ID: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS CREW 10: R0793A UPB 10: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

u. S." Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13,58,39

DETAIL PAGE 18

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
02.12. 36" Conveyance Pipeline QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

02.12. 36" Conveyance Pipeline

Original quantity was 3900 LF, and now changed to 4150 LF. and increase of
250 LF per Mike Ternak on 03/13/98.

TOTAL 36" Conveyance Pipeline 4150.00 LF o 521,821 521,821 125.74

•
LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•TIME 13:58:39

DETAIL PAGE 19

02.13. Recreation Features QUANTY UOM CREW ID OUTPUT ' MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02.13. Recreation Features
Cost is prepared by the City of Tempe and info. is provided by Mike Ternak
on 08/25/97.

USR PC Mobilization 0.00 .00 0.00 0.00 3880.00 3880.00
1. 00 LS 0.00 0 0 0 0 3,880 3,880 3880.00

USR PC Parking Lot (for 55 cars) o. 00 o. 00 0.00 O. 00 1164.27 1164.27
55.00 EA 0.00 0 0 0 0 64,035 64,035 1164.27

USR PC Ramada's 0.00 0.00 0.00 .00 19405.00 19405.00
5.00 EA 0.00 0 0 0 0 97,025 97,025 19405.00

USR PC Comfort Station 0.00 .00 O. 00 0.00 97023.00 97023.00
1. 00 EA 0.00 0 0 0 0 97,023 97,023 97023.00

USR PC Miscellaneous (railings, metals, O. 00 .00 0.00 0.00 54333.00 54333.00
walls) 1.00 EA 0.00 0 0 0 0 54,333 54,333 54333.00

USR PC Foot Bridge .00 o. 00 0.00 0.00 27166.00 27166.00
1. 00 EA 0.00 0 0 0 0 27,166 27,166 27166.00

USR PC Misc. (Drinking Fountains. O. 00 0.00 o. 00 o. 00 34928.00 34928.00
Picnic Tables, etc. ) 1. 00 EA 0.00 0 0 0 0 34,928 34,928 34928.00

USR PC Interpretive Signs 0.00 O. 00 .00 0.00 466.00 466.00
12.00 EA 0.00 0 0 0 0 5,592 5,592 466.00

USR PC Environmental Education Displays 0.00 .00 .00 .00 582.00 582.00
9.00 EA 0.00 0 0 0 0 5,238 5,238 582 .00

--------- --------- ----------- - ------- - -- -- - -- - - ---- -- --- - -- - --
TOTAL Recreation Features 1.00 EA 389,220 389,220 389219 .85

LABOR !D: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS CREW ID: R0793A UPB ID: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

u.s. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

TIME 13:58:39

DETAIL PAGE 20

02.14. Operation & Maintenance Roads QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02.14. Operation & Maintenance Roads
02.14.01. Concrete Pavement

<02000 0000 Site Work,
<02600 0000 Paving And Surfacing,

<02614 0000 Portland Cement Concrete Paving,
<02614 1000 Concrete paving>

<02614 1100 Material Cost Included 4500 Psi Concrete At>
<Spreader. Forms And/Or Rails, Construction Joints For Wire Mesh - See>
<03220>

MIL PC 6" (lScm) Concrete Pavement
4,500 PSI Concrete at Spreader

TOTAL Concrete Pavement

21175 SY COKCF

190560 SF

0.06 1.75 0.53 10.90
208.75 1,218 36,991 11,271 230,808

--------- --------- ----------- -----------
1,218 36,991 11,271 230,808

0.00
o

13 .18
279,070

279,070

13.18

1. 46

•
LABOR 10: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB ID: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers

PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•TIME 13,58,39

DETAIL PAGE 21

02.14. Operation & Maintenance Roads

02.14.02. Decomposed Granite

QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

<02000 0000 Site Work>
<02600 0000 Paving And Surfacing>

<02630 0000 Sidewalk>
<02630 4000 Exposed Aggregates Or Granite>

MIL PC Exposed Granite/Limestone Agg

TOTAL Decomposed Granite

TOTAL Operation & Maintenance Roads

3600.00 SF AMABD

3600.00 SF

1.00 EA

0.07 1. 99 0.01 2.10
33.13 244 7,166 52 7,560

--------- --------- ----------- -----------
244 7,166 52 7,560

--------- --------- ----------- -----------
1,462 44,156 11/323 238 , 368

0.00
o

4.10
14,778

14,778

293,847

4.10

4.10

293847.20

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE.

u.s. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)
DETAIL PAGE 22

02.15. Mob/Demob And Prep Work

TOTAL Mob/Demob And Prep Work

QUANTY UOM CREW ID

1. 00 EA

OUTPUT 'MANHRS

o

LABOR

o

EQUIPMNT MATERIAL UNITCOST

233,000

TOTAL COST

233,000

UNIT COST

233000.00

•
LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS

•
CREW !D, R0793A UPB !D, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers

PROJECT RIOREC: Rio Salado Feasibility Study
Current working Estimate of Feasibility Study

02. Tempe Reach (Recommended Plan)

•TIME 13:58:39

DETAI~ PAGE 23

02.16. Water Distribution/Irrigation QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

02.16. Water Distribution/Irrigation
This cost is associated with the costs for the natural habitats. We take
50% of the total cost from those natural habitats and allocated among the
total 66 acres. Thus, $255,000 (MU) + $198,000 ICW) + $292,064 (WM) =
$745,064. Then, $745,064/2 = $372,532. Then, $372,532/66 =$5,644.42/acr.

TOTAL Water Distribution/Irrigation 66.00 ACR 0 o o 372,504 372,504 5644.00

TOTAL Tempe Reach (Recommended Plan) 8,527 259,165 65,020 482,217 3,047,401 3,653,602

LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS CREW 10: R0793A UPB 10: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach {Recommended Plan}

TIME 13,58,39

DETAIL PAGE 24

UNIT COSTTOTAL COSTUNITCOSTMATERIALEQUIPMNTLABORMANHRSOUTPUTQUANTY UOM CREW 10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.01. Low Flow Channel

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09. Phoenix Reach (Recommended Plan)
09.01. Low Flow Channel

09.01.01. Excavation

Original quantity = 2,908,100 cy and added 102,371 cy on 11/13/97 to get
new quantity of 3,010,471 cy.

<02000 0000 Site Work>
<02600 0000 Paving And Surfacing>

<02630 0000 Sidewalk>

<02630 4000 Exposed Aggregates Or Granite>
<02614 1100 Material Cost Included 4500 Psi Concrete At>

<Spreader. Forms And/Or Rails, Construction Joints For Wire Mesh - See>
<03220>

<02225 2130 2 Cy Capacity>

MIL PC Exc & Load,2 CY Hyd Exc, Bl Rock
65 CY/Hr (49M3) 3010471 CY CODET

TOTAL Excavation 3010471 CY

0.03 1. 16 2.22 0.00 0.00 3.37
65.00 92,723 3,481,911 6,675,117 0 0 10,157,028 .37--------- --------- ----------- ----------- ----------- -----------

92,723 3,481,911 6,675,117 0 10,157,028 3. 37

•
LABOR ro, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW ro, R0793A UPB ro, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)
DETAIL PAGE 25

•
09.01. Low Flow Channel QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.01.02. Soil Cement
Original quantity - 47,000 cy changed to 120,192 cyan 11/13/97.

MIL PC CONC BAT PL, 10CY, MOB, 45T,3BIN 0.01 0.00 25.87 0.00 0.00 25.87
REF. EP 1110-1-8 600.96 HR B10VI001 1. 00 6 0 15,549 0 0 15,549 25.87
MOBILE CONCRETE BATCHING PLANT
WITH 10 CY AGGREGATE WEIGH
BATCHER, 45 TON/33.3 CY
AGGREGATE BIN, 10 YARD/Ill CF
CEMENT WEIGH BATCHER, 271
BARRELS MAX./226 BARRELS MIN.
CEMENT SILO

MIL PC Eq Oper for Batch Plant 1.00 41.97 0.00 .00 .00 41.97
600.96 fiR B-EQOPRMED 1.00 601 25,222 0 0 0 25,222 41.97

MIL PC Oiler for Cone. Batch Plant 1. 00 34.51 0.00 O. 00 .00 34.51
600.96 HR B-EQOPROIL 1. 00 601 20,739 0 0 0 20,739 34.51

UPB PC TRK,OFF-HWY,R-DUMP, 22-30CY, 35T O. 00 o. 00 77.40 O. 00 O. 00 77.40
Assume 3 trucks. 1802.88 HR T55CA001 1. 00 0 0 139,543 0 0 139,543 77.40
This truck is used for
delivering soil to the batch
plant.

MIL PC Truck Drivers, Heavy 1.00 30.69 O. 00 0.00 .00 30.69
1802.88 HR B-TRKDVRHV 1. 00 1,803 55,330 0 0 0 55,330 30.69

UPB PC LDR, FE, WH, 2.50 CY, ARTIC, 936E 0.00 0.00 32.18 .00 O. 00 32.18
Used to load the trucks that 600.96 HR L40CA004 1.00 0 0 19,338 0 0 19,338 32.18
will haul the material to the
batch plant.

MIL PC Outside Equip. Op. for Loader 1. 00 39.65 0.00 0.00 o. 00 39.65
600.96 HR X-EQOPRMED 1. 00 601 23,828 0 0 0 23,828 39.65

<02000 0000 Site Work>
<02260 0000 Slope Protection>

<02263 0000 Soil Cement>
<02263 0000 Basic Cost Items>

B MIL PC Soil Cement, 7% Portland Cement 0.07 2.27 1. 89 8.00 .00 12.15
Includes Materials and Placement 126202 CY XS043 200.00 8,960 285,847 238,029 1,009,613 0 1,533,488 12.15
Content 7 Pet)
Assume 5\ waste.

---'------ --------- ----------- ----------- - -- - -- - - - -- -----------
TOTAL Soil Cement 120192 CY 12,572 410,966 412,459 1,009,613 1,833,038 15.25

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID, R0793A UPB ID, RG793A
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09.01. Low Flow Channel QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.01.03. RCC for 4 Drop Structures

<02000 0000 Site Work>
<02600 0000 Paving And Surfacing>

<02614 0000 Portland Cement Concrete Paving>
<02614 1000 Concrete Paving>

<02614 1300 Cement>

MIL PC Portland Cement Per CWT .00 .00 0.00 3.05 0 .00 3.05
We need 1,700,000 lbs of 17000 EA N/A 0.00 0 0 0 51,850 0 51,850 3.05
cement, then 1,700,000 lbs x
lcwt/l00lbs c 17,000 cwt.

RON PC Fly Ash per CWT .00 .00 O. 00 1. 51 .00 1. 51
We need 8500.00 EA N/A 0.00 0 0 0 12,835 0 12,835 1. 51
850,000 lb x 1 cwt/l00 lb
8,500 cwt

<03000 0000 Concrete>
<03360 0000 Specially Placed concrete>

<03365 0000 Roller Compacted Concrete (Rcc) >

<03365 4000 Rcc - Conveyance To Placement>
<03365 4300 By Loader>

M USR PC RCC, Place b/Ldr, 4LCY, 12Min/Cyc 0.05 1.98 1.18 60.00 .00 63.16
Material cost is quoted from a 8500.00 CY XXQMH 20.00 425 16,851 10,026 510,000 0 536,877 63.16
previous estimate.

--------- --------- ----------- ----------- ----------- -----------
TOTAL RCC for 4 Drop Structures 8500.00 CY 425 16,851 10,026 574,685 601,562 70.77

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•
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09.01. Low Flow Channel

09.01.04. Back Fill

QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

<02000 0000 Site Work>
<02200 0000 Earthwork>

<02221 0000 Trenching, Backfilling, And Compaction>
<02221 5000 Backfill Trenches - W/O CompactIon>

MIL PC Backfill Trench w/60 HP Tr Dozer
Without Compaction

Original quantity 3000 cy
changed to 61,600 cy on
11/13/97.

TOTAL Back Fill

61600 CY CODTA

61600 CY

53.25
0.03

1,737

1/737

1. 05
64,803

64,803

0.27
16,496

16,496

0.00
o

0.00
o

o

1. 32
81,300

81,300

1. 32

1. 32

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW ro, R0793A UPB 10, RG793A
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----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.01. Low Flow Channel QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
------------------------------------------------------------------------------------------------------------------------------------------._--------------------------------

09.01.05. Gravel for 5 Islands (stabilizer

<02000 0000 Site Work>
<02500 0000 Site Drainage>

<02511 0000 Foundation Drainage Under Drains>
<Note - All Prices Exclude Gravel And Excavation And Backfill>

<02511 2000 Underdrains>
<02511 2000 Basic Cost Items>

IHL PC 3/4 " Gravel Fill f/Underdrain 0.10 3.06 0.41 18.00
In Trench, Crusher or Bank Run 246000 CY COOEJ 32.50 24,600 752,760 101,869 4,428,000
To 1/2 In

--------- --------- ----------- -----------
TOTAL Gravel for 5 Islands (stabilizer 246000 CY 24,600 752,760 101,869 4,428,000

0.00
o

o

21. 47
5,282,629

5,282,629

21.47

21. 47

•
LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10, RG793A

•
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09.01. Low Flow Channel QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.01.06. HaUling & Disposal of Exc. Mat'l

<02000 0000 Site Work>
<02200 0000 Earthwork>

<02225 0000 Bulk Excavation>
<02225 )000 Hauling - Includes Time For Loading, Travel,>

<Dump And Misc. Choose Prod Based On Cycle Time Or Distance. Note ->

<Pricing Does Not Include Cost For Excavation And Loading. See Csi>
<02225/2000 For Excav- Atien And Loading Costs>

<02225 3100 Select Distance Or Cycle Time Assumes Average>

<Speed Varies With Distance. Production Based On Loose Cubic Yards Allow>
<For Swell When Hauling Excavation And Shrinkage When Hauling TO>
<Embankments>

MIL PC Haul, 26CY, 3Mi (5Km) Off Hwy Trk 0.01 0.41 1. 03 O. 00 .00 1.43
(201M3) @l 30 MPH (45 Km/Hr) 2948871 CY COETK 75.50 38,925 1,198,716 3,023,183 0 0 4,221,899 1.43

(45Km/Hr) 2.9 Cycles/Hr

Original quantity . 3,486,720cy
New quantity . 3010471 - 61600. 2,948,871 cy . 111/13/971

--------- --------- ----------- ----------- ---_._----- -----------
TOTAL Hauling & Disposal of Exc. Mat'l 2948871 CY 38,925 1,198,716 3,023,183 4,221,899 1.43

LABOR ID: AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID: R0793A UPB ID, RG793A
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09.01. Low Flow Channel QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.01.07. Credit on Mineral Value of
Excavated Materials.

Cost is provided by Peter Atanna from City of Phoenix per e-mail dated

10/21/97.

TOTAL Credit on Mineral Value of 2948871 CY o -3,686,089 -3,686,089 -1.25

TOTAL Low Flow Channel 1. 00 EA 170,982 5,926,008 10,239,150 2,326,209 o 18,491,366 18491366.40

•
LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10, RG793A

•
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•
DETAIL PAGE 31

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.02. Mesquite Bosque/Upland QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.02. Mesquite Bosque/Upland
09.02.01. Overbank

Material cost, $15.00 per each of 5-gal. size;
Labor Rate, $35.00/hr; Productivity, 2 hrs/ea.
Plant density, 100 ea/acre.

Increase unit cost by 20\ per Mike Ternak in the Study Management Meeting
on 10/28/97. Then, 8500 x 1.20 z $10,200. The increase is in response to
HQ comment 2{i} and the requested action, and included in the cost estimate
as a built-in contingency cost for the line items related to the purchase
and installation of vegetation, in other words, this is called "Cost for
Monitoring Plan and "Adaptive Management". (11/03/97)

Per Mike Ternak's direction on 11/06/97, back out 20% from all the unit
costs and apply 2% to the Sub-Total in the spreadsheet. This is new Policy
from the HQUSACE.

TOTAL Overbank 20.00 ACR 170,000 170,000 8500.00

LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS CREW 10, R0793A UPB ID, RG793A
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UNIT COSTTOTAL COSTUNITCOSTMATERIALEQUIPMNTLABORMANHRSOUTPUTQUANTY UOM CREW 10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.02. Mesquite Bosque/Upland

TOTAL Bench/Bank 110.00 ACR o o 935,000 935,000 8500.00

TOTAL Mesquite Bosque/Upland 130.00 ACR
--------- --------- ----------- -----------

o 1,105,000 1,105,000 8500.00

• UPB 10, RG793A
LABOR ID, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A

•
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•
----------------------------------------------------------------------._------------------------------------ -----------------------~------------------------------ ----------

09.03. Cottonwood/Willow QUANTY UOM CREW 10 OUTPUT , MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.03. Cottonwood/Willow
09.03.01. Bench/Bank

Material cost, $15.00 per each of s-gal. size (cottonwood)
$25.00 per each of s-gal. size (willow)

Labor rate, $35.00/hr; Productivity, 2 hrs/ea (for each of cottonwood &
willow)

Plant density, 50 ea/acre (cottonwood)
so ea/acre (willowl

9900 xI. 20 • $11,880. (See note in Mesque Bosque/Upland) (11/03/97)

11/06/97, back out the 20% per Mike Ternak's direction.
TOTAL Bench/Bank 79.00 ACR 782,100 782,100

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID, R0793A

9900.00

UPB ID, RG793A
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UNIT COSTTOTAL COSTUNITCOSTMATERIALEQUIPMNTLABORMANHRSOUTPUTQUANTY UOM CREW 10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------._---.

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.03. Cottonwood/willow

TOTAL Overbank 20.00 ACR o o o 198,000 198,000 9900.00

TOTAL Cottonwood/willow 99.00 ACR o 980,100 980,100 9900.00

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•
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DETAIL "PAGE 35

•
09.04. Wetland Marsh QUANTY UOM CREW 10 MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.04. Wetland Marsh
09.04.01. Bench/Bank

Cost is quoted from Lower Gila River, Tres Rios, and Tempe projects, and
info was provided by Mike Ternek.

Cost is adjusted to 11,000 x 1.20
Bosque/Upland" on 11/03/97.

$13,200 per note in "Mesque

11/06/97, back out 20% per Mike Ternak's direction.
TOTAL Bench/Bank 40.00 ACR 440,000 440,000 11000.00

LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS CREW 10: R0793A UPB 10: RG793A
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09.04. Wetland Marsh QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.04.02. Open Water w/ Liner
According to Alex Watt on 07/30/97, use either clay or plastic liner for

the open water.

<02000 0000 Site Work>
<02500 0000 Site Drainage>

<02545 0000 Membrane Lining Systems>
<02545 1000 High Density Polyethylene Liners For Surface>

<Impoundments, Landfills, & Mining Applications. Prices Based On>

<100,000 Sf Or Greater>

USR PC 10 mil plastic liner
Material price: $0. 12/sf
Labor cost: $0.08/sf
Quantity < 9 acres x 1.2
470,450 sf
Cost information is quoted
from Acculiner, (805)321-0447,
Doug Newhause.

470450 SF ULABD 1000.00
0.00

1,552
0.09

41,494
0.00

282
0.12

56,454
0.00

o
0.21

98,230 0.21

TOTAL Open Water w/ Liner

TOTAL Wetland Marsh

9.00 ACR

49.00 ACR

--------- --------- ----------- -- -- -- - ---- ----------- -----------
1, 552 41, 494 282 56,454 0 98, 230

--------- --------- - - --------- ----------- ----------- -----------
1, 552 41, 494 282 56, 454 440, 000 538, 230

10914.44

10984.28

•
LABOR ID: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB ID: RG793A

•
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DETAIL PAGE 37

•
09.06. Annual OMRR&R (Riparian Habitat) QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.06. Annual OMRR&R (Riparian Habitatl
Assume 6% for dead plant replacement:

mesquite: 0.08 • $1,105,000
cottonwood/willow: 0.08' $980,100
wetland marsh: 0.08 • $538,230

88,400
78,408
43,058

Total $209,866.00(say $209,900)
TOTAL Annual OMRR&R (Riparian Habitat) 1.00 EA o o 209,900 209,900 209900.00

LABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS CREW ID: R0793A UPB ID: RG793A
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-_._------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.07. Water (5.82 MGD) QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.07. Water (5.82 MGD)
09.07.02. Well Water-Capital and O&M costs

09.07.02.001. Capital Costs
This cost is developed based on the proposed plan of 5.82 MGD Shallow
Wells from Economics on 10/28/97.

USR PC Well Construction & Piping 0.00 O. 00 o. 00 0.00 589899.00 589899.00
6.00 EA 0.00 0 0 0 0 3,539,394 3,539,394 589899.00

USR PC Monitoring Wells .00 8.00 0.00 0.00 11643 . 00 11643.00
12.00 EA 0.00 0 0 0 0 139,716 139,716 11643.00

USR PC Environmental (VOC) Treatment . 00 O. 00 O. 00 .00 1090000.00 1090000.00
6.00 EA 0.00 0 0 0 0 6,540,000 6,540,000 1090000.00

USR PC Well Control Room (computer rm) .00 0.00 O. 00 O. 00 149500.00 149500.00
1. 00 EA 0.00 0 0 0 0 149,500 149,500 149500. 00

--------- --------- ----------- ----------- ---- - - - ---- -----------
TOTAL Capital Costs 1. 00 EA 10,368,610 10,368,610 10368610. 00

•
LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB ID: RG793A

•
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DETAIL PAGE 39

09.07. Water (5.82 MGD) QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.07.02.002. O&M Costs (Shallow Wellsl
This cost includes annual pumping and fees, environmental treatment,
monitoring, and water resource development fees, etc.

Cost is obtained from Mike Hallisy per his e-mail on 10/28/97. (11/03/97)
TOTAL O&M Costs (Shallow Wells) 1.00 EA 0 0 657,970 657,970 657970.00

TOTAL Well Water-Capital and O&M costs

TOTAL water (5.82 MGO)

1. 00 EA

1. 00 EA

o

o

11,026,580

11,026,580

11,026,580

11,026,580

11026580.00

11026580.00

LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS CREW 10: R0793A UPB ID: RG793A
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DETAIL PAGE 40

09.10. Design Development Test Habitat QUANTY UOM CREW 10 OtITPtIT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.10. Design Development Test Habitat
Cost is obtained from Mike Ternak (see his e-mail on 03/10/98).

TOTAL Design Development Test Habitat 1.00 EA o o o 388,000 388,000 388000.00

•
LABOR 10: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB ID: RG793A

•
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•
OETAIL PAGE 41

09.11. Liner (9 acres of Open Water QUANTY UOM CREW 10 OUTP!JT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.11. Liner 19 acres of Open Water
Associated with Wetland Marsh and 9 acres of Shallow Pond Associated with
Low Flow Channe I)

Per Mike Ternak's LAN message, 08/20/97, 7:52 AM, Liner requirement is

806ey/aere and $9.00/ey.

Then, 806 x 9 • $7,254/aer.

M USR PC Sand 0.08 2.27 0.02 4.50
For material price, see Means 14670 CY ULABH 60.00 1,222 33,252 270 66,015
97, 022-212-0500

USR PC Clay 0.08 2.27 0.02 4.00
Material cost includes cost for 29304 CY ULABH 60.00 2,441 66,423 539 117,216
delivery for a distance (round
trip) of about 3 miles.

--------- --------- ----------- -----------
TOTAL Liner 19 acres of Open Water 18.00 ACR 3,663 99,676 809 183,231

0.00 6.79
0 99,537

0.00 6.29
0 184,179

283,716

6.79

6.29

15762.00

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10, RG793A
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09.12. Collector Levees and Outlets

09.12. Collector Levees and Outlets
09.12.01. Excavation

QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

<02000 0000 Site Work>
<02500 0000 Site Drainage>

<02545 0000 Membrane Lining Systems>
<02545 1000 High Density Polyethylene Liners For Surface>

<Impoundments, Landfills, & Mining Applications. Prices Based On>
<100,000 Sf Or Greater>

<02225 3100 Select Distance Or Cycle Time Assumes Average>
<Speed Varies With Distance. Production Based On Loose Cubic Yards Allow>
<For Swell When Hauling Excavation And Shrinkage When Hauling To>
<Embankments>

<02225 2130 2 Cy Capacity>

MIL PC Exc & Load,2 CY Hyd EXc, Bl Rock

65 CY/Hr (49M3) 1722.00 CY CODET

•

TOTAL Excavation

LA80R IO, AZHH94 EQUIP ID, NAT93A

1722.00 CY

0.03 1.16 2.22 0.00
65.00 53 1,992 3,818 .Q

--------- --------- ----------- -----------
53 1,992 3,818

Currency in DOLLARS

•

0.00
o

3.37
5,810

5,810

CREW IO, R0793A

.37

.37

UPS ID, RG793A

•
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DETAIL PAGE 43

09.12. Collector Levees and Outlets

09.12.02. Back Fill

QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

<02000 0000 Site Work>
<02200 0000 Earthwork>

<02221 0000 Trenching, Backfilling, And Compaction>
<02221 5000 Backfill Trenches - W/O CompactIon>

MIL PC Backfill Trench w/60 HP Tr Dozer
Without Compaction 1481.00 CY CODTA

TOTAL Back Fi 11 3000.00 CY

0.03 1. 05 0.27 0.00 0.00 1. 32
53.25 42 1,558 397 0 0 1,955 1. 32

--------- --------- ----------- ----------- ----------- -----------
42 1,558 397 1,955 .65

LABOR 10, AZHH94 EQUIP 10: NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10: RG793A
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09.12. Collector Levees and Outlets QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
---------------------------------------------.------------------------------------------------------------------------------------------------------------------------------

09.12.03. Rip Rap

<02000 0000 Site Work>
<02260 0000 Slope Protection>

<02261 0000 Rip Rap>
<02261 1000 Random - Filter Stone Dumped From Trucks ->

<Machine Placed Slope Protection (Keyed) Estimator To Adjust Material>
<Costs As Required>

B MIL PC Rip Rap, 3/8 CY to 1/4 CY Pcs
Random, Dumped from Truck

TOTAL Rip Rap

TOTAL Collector Levees and Outlets

34 7.00 CY CODEX

347.00 CY

1. 00 EA

0.17 5.26 0.50 23. 33
35.00 59 1,825 174 8,096

--------- --------- ----------- -----------
59 1,825 174 8,096

--------- --------- ----------- -----------
154 5,375 4,369 8,096

0.00
o

29.09
10,095

10,095

17,859

29.09

29,09

17859.16

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•
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OETAILEO ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

•TIME 13,58,39

OETAIL PAGE 45

09.13. Operation & Maintenance Roads QUANTY UOM CREW 10 OUTPUT , MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.13. Operation & Maintenance Roads

USR PC 2-1/2" Asphalt Pavement
Assumed dimensions:
10 mile(l) x 10' (w) = 528,000
SF

Unit cost is prorated from
previous bids and projects.

TOTAL Operation & Maintenance Roads

528000 SF N/A

1.00 EA

0.00
0.00

o

o

0.00
o

.00
o

0.00
o

1. 50
792,000

792,000

1. 50
792,000

792,000

1. 50

792000.00

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10, RG793A
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TIME 13,58,39

DETAIL PAGE 46

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.15. Water Distribution/Irrigation QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.15. Water Distribution/Irrigation

Cost is prepared by the City of Phoenix and information is provided by Mike
Ternak on 08/25/97.

09.15.01. General Infrastructure--Pressure

5000.00 LF
USR PC Bridge Pipe

USR PC Storage Ponds

TOTAL General Infrastructure--Pressure

6.00 EA

1. 00 EA

0.00 .00 0.00 0.00 100.00 100.00
0.00 0 0 0 0 500,000 500,000 100.00

.00 0.00 . 00 o. 00 155236.00 155236.00
0.00 0 0 0 0 931,416 931,416 155236. 00

--------- --------- ----------- ----------- ----------- -----------
1,431,416 1,431,416 1431416. 00

•
LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS

•
CREW ID, R0793A UPB ID, RG793A

•
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DETAIL PAGE 47

09.15. Water Distribution/Irrigation QUANTY UOM CREW 10 OlITPlIT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.15.02. Drip System (Pressure System)

USR PC 8 " Water Line 0.00 .00 0.00 0.00 46.57 46.57
43716 LF 0.00 0 0 0 0 2,035,854 2,035,854 46.57

USR PC Drip 0.00 O. 00 0.00 0.00 9314.00 9314.00
240.00 ACR 0.00 0 0 0 0 2,235,360 2,235,360 9314.00

USR PC 600 GPM Booster Pump 0.00 0.00 0.00 0.00 93142.00 93142.00
6.00 EA 0.00 0 0 0 0 558,852 558,852 93142.00

USR PC Filtration System 0.00 .00 0.00 0.00 23285.00 23285.00
12 .00 EA 0.00 0 0 0 0 279,420 279,420 23285. 00

--------- --------- ----------- ----------- - -- - -- - - - -- -----------
TOTAL Drip System (Pressure System) .00 EA 0 5,109,486 5,109,486 5109486 .12

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW ID, R0793A UPB ID, RG793A
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DETAIL PAGE 48

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.15. Water Distribution/Irrigation QUANTY UOM CREW 10 OUTP~ MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.15.03. Gravity Distribution System

The gravity distribution system for the Phoenix Rio Salado is proposed to
consist of a six to eight foot wide and two foot deep partially lined canal
on both the north and the south banks of the Rio Salado from 24th Street to
7th Avenue. The canal will be constructed in six segments. There will be
one segment on both the north and south sides of the river starting
downstream of 24th Street and terminating upstream of 16th Street. The
next two segments will be on the north and south sides of the river
starting on the downstream side of 16th Street. passing under 7th Street
and terminating upstream of Central Avenue. the final two segments will
start on the north and south sides of the river downstream of Central
Avenue and terminate upstream of 7th Avenue. Each segment will have two
turnout structures and associated piping to allow water to be delivered
from the canlas by gravity to the wetlands on the terraces and the water
features in the low flow channels. There will also have to two pipe
sections with trash racks to allow the canal to pass under 7th Street.
(Credit is due to Bill Chase of City of Phoenix, (602)261-8855 for the
narrative of the proposed plan). According to Bill, his costs
are normal costs to a constructor on the job site for such a project.
11/12/97

USR PC Turnout Structure w/ Trash Rack 0.00 .00 o. 00 0.00 7762.00 7762.00
12.00 EA 0.00 0 0 0 0 93,144 93,144 7762.00

USR PC 12" Oia. Water Pipe 0.00 0.00 .00 0.00 46.57 46.57
1200.00 LF 0.00 0 0 0 0 55,884 55,884 46.57

USR PC 16" Oia. Water Pipe 0.00 0.00 0.00 0.00 69.86 69.86
1200.00 LF 0.00 0 0 0 0 83,832 83,832 69.86

USR PC Piped Crossing Under 7th Street 0.00 .00 0.00 0.00 155237.00 155237.00
2.00 EA 0,00 0 0 0 0 310,474 310,474 155237.00

USR PC Partially Lined Canal 0.00 0.00 0.00 o. 00 46.57 46.57
30000 LF 0.00 0 0 0 0 1,397,100 1,397,100 46.57

--------- --------- ----------- ----------- ----------- -----------
TOTAL Gravity Distribution System 1.00 EA 0 0 0 1,940,434 1,940,434 1940434.00

--------- --------- ----------- ----------- ----------- -----------
TOTAL Water Distribution/Irrigation 1.00 EA 8,481,336 8,481,336 8481336.12

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•
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09. Phoenix Reach (Recommended Plan)

•
DETAIL PAGE 49

09.16. Perennial Stream in Low Flow Ch. QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.16. Perennial Stream in Low Flow Ch.
09.16.01. Excavation

Original quantity • 4840 cy changed to 4890 cy on 11/12/91 per Shawn
Murphy.

<02000 0000 Site Work>
<02260 0000 Slope Protection>

<02261 0000 Rip Rap>
<02261 1000 Random - Filter Stone Dumped From Trucks ->

<Machine Placed Slope Protection (Keyed) Estimator To Adjust Material>
<Costs As Required>

<02225 3100 Select Distance Or Cycle Time Assumes Average>
<Speed Varies With Distance. Production Based On Loose Cubic Yards Allow>
<For Swell When Hauling Excavation And Shrinkage When Hauling To>
<Embankments>

<02225 21)0 2 Cy Capacity>

MIL PC Exc & Load,2 CY Wyd Exc, Bl Rock
65 CY/Hr (49M3) 4890.00 CY CODET

TOTAL Excavation

LABOR ID, AZHH94 EQUIP ID, NAT93A

4890.00 CY

0.03 1.16 2.22 0.00
65.00 151 5,656 10,843 0

--------- --------- ----------- -----------
151 5,656 10,843

Currency in DOLLARS

0.00
o

3.31

16/498

16,498

CREW ID, R0193A

.31

.31

UPB ro, RG193A
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_._-------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.16. Perennial Stream in Low Flow Ch. QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.16.02. Soil Cement

MIL PC CONC BAT PL, 10CY, MOB, 45T,3BIN 0.01 0.00 25.87 0.00 0.00 25.87
REF. EP 1110-1-8 8.07 HR B10VI001 1. 00 0 0 209 0 0 209 25.87
MOBILE CONCRETE BATCHING PLANT
WITH 10 CY AGGREGATE WEIGH
BATCHER, 45 TON/33.3 CY
AGGREGATE BIN, 10 YARD/ll1 CF
CEMENT WEIGH BATCHER, 271
BARRELS MAX./226 BARREl.S MIN.
CEMENT SILO

MIL PC Eq Oper for Batch Plant 1. 00 41.97 0.00 o. 00 .00 41.97
8.07 HR B-EQOPRMED 1.00 8 338 0 0 0 338 41.97

MIL PC Oiler for Cone. Batch Plant 1. 00 34.51 0.00 O. 00 .00 34.51
8.07 HR B-EQOPROIL 1. 00 8 278 0 0 0 278 34.51

UPB PC TRK,OFF-HWY,R-DUMP, 22-30CY, 35T .00 0.00 77.40 0.00 .00 77.40
Assume 3 trucks. 24.20 HR T55CA001 1.00 0 0 1,873 0 0 1,873 77.40
This truck is used for
delivering soil to the batch
plant.

MIL PC Truck Drivers, Heavy 1. 00 30.69 0.00 0.00 0.00 30.69
24.20 HR B-TRKDVRHV 1. 00 24 743 0 0 0 743 30.69

UPB PC LDR,FE, WH, 2.50 CY, ARTIC, 936E 0.00 0.00 32.18 0.00 .00 32.18
Used to load the trucks that 8.07 HR L40CA004 1. 00 0 0 260 0 0 260 32.18
will haul the material to the
batch plant.

MIL PC Outside Equip. Op. for Loader .00 39.65 o. 00 .00 0.00 39.65
8.07 HR X-EQOPRMED 1.00 8 320 0 0 0 320 39.65

<02000 0000 Site Work>
<02260 0000 Slope Protection>

<02263 0000 Soil Cement>
<02263 0000 Basic Cost Items>

B MIL PC Soil Cement, 7% Portland Cement 0.07 2.27 1.89 8.00 O. 00 12.15
Includes Materials and Placement 1693.65 CY XS043 200.00 120 3,836 3,19. 13,549 0 20,580 12.15
Content 7 Pctl
Assume 5% waste.

--------- --------- ----------- ----------- ----------- -----------
TOTAL Soil Cement 1613.00 CY 169 5,515 5,535 13,549 24,600 15.25

--------- --------- ----------- ----------- ----------- -----------
TOTAL Perennial Stream in Low Flow Ch. 9.00 ACR 319 11,171 16,378 13,549 41,098 4566.46

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW m: R0793A UPB m: RG793A

•
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DETAIL PAGE 51

•
09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.17. Recreation--24th St. to 19th Ave
This cost was developed using information from City of Phoenix on
Recreation. Quantities and costs are rough estimate and until more
concrete and realistic info is readily available, this estimate is assumed
to be very close to actual bid price.

09.17.01. Parking Lots

USR PC Parking Lot A O. 00 0.00 .00 O. 00 776.00 776.00
130.00 EA 0.00 0 0 0 0 100,880 100,860 776.00

USR PC Parking Lot B 0.00 O. 00 O. 00 0.00 776.00 776.00
60.00 EA 0.00 0 0 0 0 46,560 46,560 776.00

USR PC Parking Lot C O. 00 .00 0.00 0.00 776.00 776.00
60. 00 EA 0.00 0 0 0 0 46,560 46,560 776 .00

--------- --------- ----------- ----------- - - - - -- - - - -- -----------
TOTAL Parking Lots .00 EA .0 194,000 194,000 194000. 00

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10, RG793A
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DETAIL PAGE 52

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------.
09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.17.02. Structures
09.17.02.001. Information Kiosks

USR PC Large
3.00 EA 0.00

0.00
o

0.00
o

0.00
o

0.00
o

11643.00
34,929

11643.00
34,929 11643.00

TOTAL Information Kiosks 1.00 EA 34,929 34,929 34929.00

•
LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS

•
CREW ID, R0793A UPB ID, RG793A

•
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Current working Estimate of Feasibility Study
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TIME 13 ,58,39

DETAIL PAGE 53

•
09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.17.02.002. Visitor/Interpretive Center

USR PC Restrooms/Mech. Room

TOTAL Visitor/Interpretive Center

1500.00 SF

1. 00 EA

0.00
0.00

o
0.00

o
0.00

o
0.00

o
113.85

170,775

170,775

113.85
170,775

170,775

113.85

170775.00

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID, R0793A UPB ID, RG793A
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09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.17.02.003. Overlooks w/ Railings

2.00 EA

5.00 EA

USR PC Large (1225 SF)

USR PC Medium (625 SF)

USR PC Small (225 SF)

TOTAL Overlooks wI Railings

9.00 EA

1.00 EA

0.00 O. 00 0.00 O. 00 15525.00 15525.00
0.00 0 0 0 0 31,050 31,050 15525.00

O. 00 0.00 0.00 O. 00 7762.00 7762.00
0.00 0 0 0 0 38,810 38,810 7762.00

0.00 0.00 .00 0.00 3881. 00 3881.00
0.00 0 0 0 0 34,929 34,929 3881. 00

--------- --------- ----------- ----------- ----------- -----------
0 104,789 104,789 104789. 00

•
LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW ID, R0793A UPB 10, RG793A

•
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TIME 13,58,39

DETAIL PAGE 55

•
09.11. Recreation--24th St. to 19th Ave QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UllITCOST TOTAL COST UNIT COST

09.11.02.005. Shade Structures

3.00 EA

5.00 EA

USR PC Large

USR PC Medium

USR PC Small

TOTAL Shade Structures

9.00 EA

1.00 EA

o. 00 0.00 0.00 0.00 46510.00 46510.00
0.00 0 0 0 0 139,710 139,710 46510.00

.00 0.00 O. 00 0.00 23285.00 23285.00
0.00 0 0 0 0 116,425 116,425 23285.00

O. 00 0.00 o. 00 0.00 7762.00 1162.00
0.00 0 0 0 0 69,858 69,858 1162.00

--------- --------- ----------- ----------- ----------- -----------
325,993 325,993 325993.00

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW ID, R0193A UPB 10, RG193A
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DETAIL .PAGE 56

09.17. Recreation--24th St. to 19th Ave

09.17.02.006. Bridges

QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

USR PC Large (50' Span)

USR PC Medium (3D' Span)

USR PC Small (IS' Span)

TOTAL Bridges

2.00 EA

2.00 EA

.00 EA

.00 EA

o. 00 0.00 0.00 0.00 38800.00 38800.00
0.00 0 0 0 0 77,600 77,600 38800.00

O. 00 0.00 0.00 0.00 23285.00 23285.00
0.00 0 0 0 0 46,570 46,570 23285.00

.00 0.00 0.00 .00 11643.00 11643.00
0.00 0 0 0 0 58,215 58,215 11643 .00

--------- --------- ----------- ----------- ----------- -----------
182,385 182,385 182385. 00

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•
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Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)
DETAIL PAGE 57

•
09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.17.02.007. Restroom Facility

USR PC Restrooms (men & women)

TOTAL Restroom Facility

TOTAL Structures

2.00 EA

1. 00 EA

1.00 EA

0.00 0.00 0.00 0.00 116420.00 116420.00
0.00 0 0 0 0 232,840 232,840 116420. 00

--------- --------- ----------- ----------- - ---------- -----------
0 0 232,840 232,840 232840. 00

--------- --------- ----------- ----------- ----------- -----------
0 1,051,711 1,051,711 1051711.00

LABOR ID, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10, R0793A UPB 10, RG793A
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TIME 13: 58: 39

DETAIL PAGE 58

09.17. Recreation--24th St. to 19th Ave

09.17.03. Trails
TOTAL Paved Interpretive

QUANTY UOM CREW 10

84480 SF

OUTPUT MANHRS LABOR

o

EQUIPMNT

o

MATERIAL

o

UNITCOST

198,528

TOTAL COST

198,528

UNIT COST

2.35

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•
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Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13:58:39

DETAIL PAGE 59

•
09.17. Recreation--24th St. to 19th Ave

TOTAL Stabilized D. G.

QUANTY UOM CREW ID

126730 SF

OUTPUT MANHRS LABOR EQUIPMNT MATERIAL

o

UNITCOST

88,711

TOTAL COST

88,711

UNIT COST

0.70

LABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS CREW ID; R0793A UPB ID: RG793A
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Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)
DETAIL PAGE 60

09.17. Recreation--24th St. to 19th Ave

TOTAL Graded Earthen

QUANTY UOM CREW ID

464640 SF

OUTPUT MANHRS LABOR

o

EQUIPMNT

o

MATERIAL UNITCOST

46,464

TOTAL COST

46,464

UNIT COST

0.10

•
LABOR 1D: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS

•
CREW ID: R0793A UPB 10: RG793A

•
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Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13:58:39

DETAIL 'PAGE 61

•
09.17. Recreation--24th St. to 19th Ave

TOTAL Ramps

QUANTY UOM CREW 10

35000 SF

OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST

68,250

TOTAL COST

68,250

UNIT COST

1. 95

TOTAL Trails

LABOR 10: AZHH94 EQUIP 10: NAT93A

1.00 EA 401,953 401,953

Currency in DOLLARS CREW 10: R0793A

401953.00

UPB ID: RG793A
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PROJECT RlOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study
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TIME 13,58,39

DETAIL PAGE 62

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUlPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
-----------------------------------------------------------------.----------------------------------------------------------------------------------------------------------

09.17.04. Retaining Walls
TOTAL C.l.P. 2000.00 LF 232,900 232,900 116.45

•
LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10, RG793A

•
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Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

•TIME 13:58:39

DETAIL PAGE 63

09.17. Recreation--24th St. to 19th Ave

TOTAL Gabions

QUANTY UOM CREW ID

2000.00 LF

OUTPUT 'MANHRS LABOR

o

EQUIPMNT MATERIAL UNITCOST

124,000

TOTAL COST

124,000

UNIT COST

62.00

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID: R0793A UPB ID: RG793A
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Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13,58,39

DETAIL PAGE 64

09.17. Recreation--24th St. to 19th Ave

TOTAL Boulders

TOTAL Retaining Walls

QUANTY UOM CREW 10

4000.00 LF

1. 00 EA

OlITPlIT MANHRS

o

LABOR EQUIPMNT

o

o

MATERIAL UNITCOST

155,200

512,100

TOTAL COST

155,200

512,100

UNIT COST

38.80

512100.00

•
LABOR 10, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB ID, RG793A

•



•Fri 13 Mar 1998
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DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13:58:39

DETAIL PAGE 65

•
09.17. Recreation--24th St. to 19th Ave

09.17.06. Staging Areas
TOTAL Large Formal (30-70 people)

TOTAL Staging Areas

QUANTY UOM CREW ID

1. 00 EA

1.00 EA

OUTPUT MANHRS LABOR EQUIPMNT

o

MATERIAL UNITCOST

58,210

58,210

TOTAL COST

58,210

58,210

UNIT COST

58210.00

58210.00

LABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS CREW ID: R0793A UPB 10: RG793A



Fri 13 Mar 1998
Eff. Oate 03/13/98
OETAILEO ESTIMATE.

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13,58,39

OETAIL PAGE 66

09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW 10 OlITPlIT • MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

----------------------------------------_.---------------------------------------------------------------------------------------------------------------------------------.

TOTAL Interpretive Signage/Oisplays 250.00 EA o o o o 58,250 58,250 233.00

•
LABOR 10: AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

•TIME 13: 58 : 39

DETAIL PAGE 67

09.17. Recreation--24th St. to 19th Ave

09.17.08. Landscape Materials
09.17.08.001. Willow

QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPl1NT MATERIAL UNITCOST TOTAL COST UNIT COST

USR PC 36" Box

USR PC 24 11 Box

USR PC 15 Gallon

USR PC 5 Gallon

TOTAL Willow

50.00 EA

110.00 EA

250.00 EA

400.00 EA

1.00 EA

0.00 o. 00 0.00 0.00 621.00 621.00
0.00 0 0 0 0 31,050 31,050 621.00

0.00 O. 00 O. 00 0.00 155.25 155.25
0.00 0 0 0 0 17,078 17,078 155.25

O. 00 .00 0.00 0.00 54.35 54.35
0.00 0 0 0 0 13,588 13,588 54.35

0.00 0.00 O. 00 O. 00 23.30 23.30
0.00 0 0 0 0 9,320 9,320 23 .30

--------- --------- ----------- ----------- - -- - -- - - - -- -----------
71,035 71,035 71035. 00

LABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS CREW 10: R0793A UPB 10: RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.s. Army Corps of Engineers

PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13:58:39

DETAIL. PAGE 68

09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

09.17 .08.002. Mesquite

USR PC 36" Box 0.00 0.00 . 00 O. 00 621.00 621.00
50.00 EA 0.00 0 0 0 0 31, 050 31,050 621.00

USR PC 24 II Box 0.00 .00 0.00 0 .00 155.25 155.25
110. 00 EA 0.00 0 a 0 a 17,078 17,078 155.25

USR PC 15 Gallon 0.00 O. 00 O. 00 0.00 54.35 54.35
250.00 EA 0.00 0 0 0 0 13,588 13,588 54.35

USR PC 5 Gallon .00 0.00 O. 00 0.00 23.30 23.30
400.00 EA 0.00 0 0 0 0 9,320 9,320 23 .30

--------- --------- ----------- ----------- ----------- -----------
TOTAL Mesquite 1.00 EA 71,035 71,035 71035. 00

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

•TIME 13,58,39

DETAIL PAGE 69

09.17. Recreation--24th St. to 19th Ave

TOTAL Riparian Seed Mix

TOTAL Landscape Materials

QUANTY UOM CREW ID

100000 SF

1. 00 EA

OUTPUT MANHRS LABOR

o

o

EQUIPMNT

o

MATERIAL UNITCOST

10,000

152,070

TOTAL COST

10,000

152,070

UNIT COST

0.10

152070.00

LABOR ID, AZHH94 EQUIP IO, NAT93A Currency in DOLLARS CREW ID, R0793A UPB ID, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13,58,39

DETAIL PAGE 70

09.17. Recreation--24th St. to 19th Ave

TOTAL Irrigation System

QUANTY UOM CREW 10

1. 00 EA

OUTPUT MANHRS LABOR

o

EQUIPMNT MATERIAL UNITCOST

85,375

TOTAL COST

85,375

UNIT COST

85375.00

LABOR ID, AZHH94' EQUIP ID, NAT93A

•
Currency in DOLLARS

•
CREW ID, R0793A UPB 10, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S: Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)
DETAIL PAGE 11

•
09.11. Recreation--24th St. to 19th Ave

09.17.10. Miscellaneous
TOTAL Drinking Fountains

QUANTY UOM CREW ID

10.00 EA

OUTPUT MANHRS LABOR EQUIPMNT

o

MATERIAL UNITCOST

38,800

TOTAL COST

38.800

UNIT COST

3880.00

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID, R0193A UPB ID, RG193A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

THIE 13,58,39

DETAIL PAGE 72

09.17. Recreation--24th St. to 19th Ave

TOTAL Benches (Custom)

QUANTY UOM CREW 10

60.00 EA

OUTPUT MANHRS LABOR EQUIPMNT

o

MATERIAL

o

UNITCOST

69,900

TOTAL COST

69,900

UNIT COST

1165.00

•
LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

•TIME 13058,39

DETAIL PAGE 73

09.17. Recreation--24th St. to 19th Ave

TOTAL Benches (Recycled)

TOTAL Miscellaneous

QUANTY UOM CREW ID

100.00 EA

1.00 EA

OUTPUT MANHRS LABOR EQUIPMNT

o

o

MATERIAL UNITCOST

62.100

170.800

TOTAL COST

62.100

170.800

UNIT COST

621.00

170800.00

LABOR ID, AZHH94 EQUIP ID, NAT93A Currency in DOLLARS CREW ID, R0793A UPB ID, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

u.s. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13:58:39

DETAIL PAGE 74

--------------~-------------------------------------------------------------------------------------------------------------------------------------------------------------

09.17. Recreation--24th St. to 19th Ave QUANTY UOM CREW 10 OlITPlIT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.17.11. Electrical
TOTAL Service 1. 00 EA o 58,215 58,215 58215.00

•
LABOR 10: AZHH94 EQUIP 10: NAT93A Currency in DOLLARS

•
CREW 10: R0793A UPB 10: RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE.

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)
DETAIL PAGE 75

•
09.17. Recreation--24th St. to 19th Ave

TOTAL Area Lights

TOTAL Electrical

TOTAL Recreation--24th St. to 19th Ave

QUANTY UOM CREW 10

10.00 EA

1. 00 EA

1. 00 EA

OUTPUT • MANHRS

o

o

LABOR EQUIPMNT MATERIAL UNITCOST

3l,050

89,265

2,773,734

TOTAL COST

3l,050

89,265

2,773,734

UNIT COST

3l05.00

89265.00

2773734.00

LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS CREW 10: R0793A UPB 10, RG793A



Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

U.S. Army Corps of Engineers

PROJECT RIOREC, Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)
DETAIL PAGE 76

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
09.18. Mob/Demob and Prep Work QUANTY UOM CREW 10 OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

09.18. Mob/Demob and Prep Work
This cost estimate was obtained with the following assumptions:

(1) 50 pieces of major equipment and machinery, @ $500/piece for mob
and demob, @ 200% for set-up and dismantling of each piece, @ 200\ for
replacement of worn-out equipment, that equals $100,000.

(2) Setup and dismantling of batch plant for soil cement, $100,000.
(3) Setup and dismantling of cranes, 2 ea @ $25,000 for mob/demob, that

equals $50,000.
(4) Moving and transporting around within the job site, $500,000

(51 Mob/Demob of Field Office, with setup and dismantling of trailer
and others, that equals $50,000.

(6) Miscellaneous, $200,000.
TOTAL, $1,000,000.

TOTAL Mob/Demob and Prep Work 1.00 EA 776,000 776,000 776000.00

•
LABOR 10, AZHH94 EQUIP 10, NAT93A Currency in DOLLARS

•
CREW 10, R0793A UPB 10, RG793A

•



•Fri 13 Mar 1998
Eff. Date 03/13/98
DETAILED ESTIMATE

•U.S. Army Corps of Engineers
PROJECT RIOREC: Rio Salado Feasibility Study
Current Working Estimate of Feasibility Study

09. Phoenix Reach (Recommended Plan)

TIME 13:58:39

DETAIL PAGE 77

•
09.19. Real Estate QUANTY UOM CREW ID OUTPUT MANHRS LABOR EQUIPMNT MATERIAL UNITCOST TOTAL COST UNIT COST

TOTAL Real Estate

TOTAL Phoenix Reach (Recommended Plan)

TOTAL Rio Salado Feasibility Study

1. 00 EA

1. 00 EA

1. 00 EA

0 0 0 0 2,410,000 2,410,000 2410000.00

- - - - - - - -- --------- ----------- ----------- ----------- -----------
176,671 6,083,723 10,261,008 2,587,539 29,382,650 48,314,920 48314919.73

--------- --------- ----------- ----------- ----------- -----------
185,198 6,342,888 10,326,027 3,069,756 32,430,051 52,168,722 52168722.21

LABOR ID: AZHH94 EQUIP ID: NAT93A Currency in DOLLARS CREW 10: R0793A UPB 10: RG793A
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Frl lJ &la .. 1998

BII. Date 03/11/98 U.S. Amy Corpl of Snglneers
PROJBCT RIORSC: Rio Bal.do Peaslbllily Study
Ourrent Working Bstl~ate of vea.lbllity Study
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Blr. Date 03/1]/98 U.B_ Amy Corps or Engineers

PR~8CT RIORBC; Rio Salado Ftaslbillty Sludy
CUrrent Working RSll~te ot Peaslbllil y Study
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PTI 1) Mil .. 1998

£If. Dmte 03/al/98 U.S. A~y Corps of Bnglnee ...
PROJECT RIORBC: RID Salado reBsiblllty study
CUrrent Hor~lng B8tlnate 01 Pe~81blllty Study
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• City of Phoenix
OeFiG Or TrlE CITY MANAGER

March 19, 1998

Mr. Mike Ternak
U.S. Army Corps of Engineers
3636 North Central Ave
Phoenix, AZ 85012

Dear Mr. Ternak:

This letter is provided in response to questions raised during the Washington level
review of the Corps' Draft Rio Salado, Salt River Feasibility Report concerning the
ability of the City of Phoenix to provide a continuous supply of water to the Phoenix
reach of the project.

V\.f;r.~er 07 t:1e
Car: ae~e:s:":"':2:;;;

?:-ize

g
"CII("/~

., -'-

~ Q

J'f.tE VIJO~"'"

•

•

As you know, several different sources of water were investigated during the feasibility
study. Groundwater from shallow wells to be located adjacent to the project was
selected as the preferred option for reasons of economics, reliability and operational
flexibility. That water mayor may not need to be treated for removal of volatile organic
compounds in order to meet federal National Pollution Discharge Elimination System
(NPDES) permit requirements for use in the Rio Salado. The decision whether to
provide treatment will be made during the PED stage, based upon results from
monitoring wells to be constructed for that purpose.

The City of Phoenix has the right to pump groundwater from within its service area for
delivery within its service area as provided for in ARS § 45-491 through § 45-498. This
right is known as a "Service Area" right and is administered by the Arizona Department
of Water Resources (ADWR). The right carries with it an obligation for the City to meet
its conservation requirements set by ADWR and to limit its groundwater mining in
accordance with the Assured Water Supply permit issued to the City in 1997 by ADWR.
The City of Phoenix is in compliance with both of those requirements. If in the future
the City should fail to comply with either of these requirements, the City .....:il! rectify the
problem through increase conservation efforts or groundwater replenishment as
necessary. To the extent that the City of Phoenix should need to replenish the
groundwater in the future, the City has a 26.88% share of the Granite Reef
Underground Storage Project on the Salt River.

In summary, the City of Phoenix has the ability both now and in the future to provide
water to the Phoenix reach of the Rio Salado Project as specified in the feasibility
study. If you have any additional questions concerning this subject please contact me.

Si~cerelY Yours: /"7.1f

IJ~~·-v ~C#;ca4
William L. Chase, Jr.

Water Advisor

2:0 ':';es~ \Nas;--.:,:g~c~ S::ee:, ?~0e;l:X, A::za~" 850:;3 602·252·694~ eAX: 502·26'·8327
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Thru: Mario Saldamando, P.E.
Assistant Water Services Director for Technical Services

From: Keith Larson KKL
Water Resources Planner

To: ,Peter Attona
Deputy Planning Director

City of Phoenix
WATER SERVICES DEPARTMENT

WATER ENGINEERING DIVISION

Date: May 19, 1997

•Winner of the
Carl Bertelsmann

Prize

... llU ....
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Subject: COST ESTIMATES FOR WATER SUPPLY OPTIONS FOR RIO SALADO PROJECT

This memorandum summarizes an analysis done to estimate and compare capital and operation and
maintenance costs associated with three water supply alternatives for the proposed Rio Salado
Project. This is a revision of the memorandum sent to you April 30, 1997.

The alternatives evaluated include: 1) Shallow Groundwater Wells distributed throughout the project
area that are assumed to require wellhead treatment facilities, 2) Deep wells in the area that are •
assumed not to require advanced treatment, and 3) Surface water wheeled through the SRP canal
system and delivered through new pipelines to the project in four locations. In addition, the well
options were evaluated with ·and without the additional capital and 0 & M costs associated with
wellhead treatment systems. If the wetlands that are proposed as part of the project's habitat and
environmental amenities can be used to treat poor quality shallow groundwater, additional wellhead
treatment may not be needed.

Three different water demand levels were evaluated: 1) Average day demand 5 million gallons per
day (MGD) with a peak-day demand of 10 MGD; 2) average demand of 10 MGD with peak demand
of 20 MGD; and 3) average demand of 20 MGD with peak demand of 40 MGD.

The initial capital and annual operating cost estimates for each option are summarized in the tables
on the following two pages. Detailed cost spreadsheets for the different options and water demand
levels are also attached.

Discussion

The cost estimates should be viewed as rough numbers for planning purposes only. Maximum and
minimum costs are provided because there are significant questions regarding the degree of water
treatment that will be required for groundwater from either the shallow or deep well options.

Shallow well option costs could decrease significantly if all wells do not require treatment or if •
wetlands treatment is sufficient to attain the required environmentai permits. On the other hand, the
deep well option costs provided here could increase significantly if treatment is required for either

200 Wes; Washington S;reet, Eigh;h Floor, Phoenix, Arizona 85003-1697 602-262-1826
Recycled Paper



•
Peter Attona
Page 4
May 19, 1997

naturally occurring substances or industrial or' agricultural-related contaminants. Another major cost
variable with the groundwater options relates to whether costs are included for accruing
groundwater withdrawal credits through the purchase and recharge of surplus CAP water. If ADWR
allows some credit for recharge incidental to the water applied within the project or exempts the use
of poor quality groundwater from the Assured Water Supply groundwater checkbook, the full cost
associated with accruing credits may not be incurred.

Surface water delivery costs include delivery pipes from both the north (Grand Canal along 24th
Street alignment - one pipe) and the South (Highline Canal - three pipes). Only one pipe from the
north is assumed .because the distance from the canal to the river increases considerably as one
moves west from 24th Street. Consideration of the surface water option assumes that replacement
water supplies are available and can be secured. The City's Water Resources Plan indicates
additional water supplies will be needed for projected population growth beyond the year 2020.
:Use of surface water for Rio Salado that is now planned for domestic and commercial uses would
move-up in time the need for additional supplies.

All options will require further study to determine feasibility and more accurate costs if the project
progresses. To fully evaluate the groundwater options, test wells would need to be drilled and water

•
quality samples taken. The use of wetlands treatment would then need to be evaluated and
d!scussed with regulatory agencies. Discussions with SRP would be needed to further determine
feasibility and operating constraints for use of the canals to transport surface water, especially with
the higher water use alternatives.

I look forward to discussing these options further with you.

KL:MS/dkt

Attachments

c: Bill Chase

•



Rio Salado Water Supply Cost Estimates

~ )Ofi\

Groundwater Option: 5.8 MGD Ann. Avg
Shallow Well 11.6 MGD Peak

•
Capital $/Well # Wells Total Cap. Amortized
Cost ($mill.) ( $mill.) Cost ($/AF)

Well Construction 0.63 6 3.78 59.06
Well Piping 0.13 6 0.78 12.19
VOC Treatment 1.4 6 8.4 131.25

(Packed Col. w/GAC) 0.00
Total Well Capital 2.16 6 12.96 202.50

Monitoring Wells 0.015 12 0.18 2.81
Total Capital 13.14 205.31

Operation and Maintenance Costs

Pumping and Fees
Treatment O&M

Air Stripping w/GAC
Water Quality Monitoring Costs
Total O&M Cost

Water Resource Costs

Acquist. & Recharge
CAP Water in GRUSP

Capital and O&M CAP
Interconnect. and Recharge Cost.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

55.00

56.00
19.00

130.00

0.00
0.00
0.00

335.31

•

Note: Assumes land and R.O.W. cost accounted for in other portion of project
budget.

'.



• Rio Salado Water Supply Cost Estimates Groundwater Option: 5 MGD Ann. Avg.
Shallow Well 10 MGD Peak

Capital $/Well # Wells Total Cap. Amortized
Cost ($mill.) ( $mill.) Cost ($/AF)

Well Construction 0.63 6 3.78 59.06
Well Piping 0.13 6 0.78 12.19
VOC Treatment 1.4 6 8.4 131.25

(Packed Col. w/GAC) 0.00
Total Well Capital 2.16 6 12.96 202.50

Monitoring Wells 0.015 12 0.18 2.81
Total Capital 13.14 205.31

Operation and Maintenance Costs

•
Pumping and Fees
Treatment O&M

Air Stripping w/GAC
Water Quality Monitoring Costs
Total O&M Cost

Water Resource Costs

Acquist. & Recharge
CAP Water in GRUSP

Capital and O&M CAP
Interconnect. and Recharge Cost.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

55.00

56.00
19.00

130.00

0.00
0.00
0.00

335.31

•

Note: Assumes land and R.O.W. cost accounted for in other portion of project
budget.



Rio Salado Water Supply Cost Estimates Groundwater Option: 10 MGD Ann. Avg.
Shallow Well 20 MGD Peak

•
Capital $/Well # Wells Total Cap. Amortized
Cost ($mill.) ( $mill.) Cost ($/AF)

Well Construction 0.63 7 4.41 39.38
Well Piping 0.13 7 0.91 8.13
VOC Treatment 2.5 7 17.5 156.25

Total Well Capital 3.26 7 22.82 203.75
Monitoring Wells 0.015 14 0.21 1.88

Total Capital 23.03 205.63

Operation and Maintenance Costs

Pumping and Fees
Treatment O&M

Air Stripping w/GAC
Water Quality Monitoring Cost

Total O&M Cost

Water Resource Costs

Acquist. & Recharge
CAP Water in GRUSP
Capital and O&M CAP
Interconnect. and Recharge Cost.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

55.00

56.00
19.00

130.00

0.00
0.00
0.00

335.63 $/AF

•

•



• Rio Salado Water Supply Cost Estimates

~I05 Y

Groundwater Option: 20 MGD Ann. Avg.
Shallow Well 40 MGD Peak

Capital $/Well # Wells Total Cap. Amortized
Cost {$mill.) ( $mill.) Cost ($/AF)

Well Construction 0.63 14 8.82 39.38
Well Piping 0.13 14 1.82 8.13
VOC Treatment 2.5 14 35 156.25

(Packed Col. w/GAC)
Total Well Capital 3.26 14 45.64 203.75

Monitoring Wells 0.015 28 0.42 1.88
Total Capital 46.06 205.625

Operation and Maintenance Costs

•

•

Pumping and Fees
Treatment O&M

Air Stripping w/GAC
Water Quality Monitoring Cost

Total O&M Cost

Water Resource Costs

Acquist. & Recharge
CAP Water in GRUSP

Capital and O&M CAP
Interconnect. and Recharge Cost.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

55.00

56.00
19.00

130.00

0.00
0.00
0.00

335.63 $/AF



Rio Salado Water Supply Cost Estimates Groundwater Option: 5 MGD Ann. Avg. •
Deep Wells 10 MGD Peak

Capital $/Well # Wells Total Cap. Amortized

Cost ($mill.) ( $mill.) Cost ($/AF)

Well Construction 1.6 4 6.4 114.29

Well Piping 0.13 4 0.52 9.29

VOC Treatment a 4 a 0.00

(Packed Col. w/GAC)
Metals Treatment a 4 a 0.00

(lon Exchange)
Total Well Capital 1.73 4 6.92 123.57

Operation and Maintenance Costs

Pumping and Fees
Treatment O&M

Air Stripping w/GAC
Ion Exchange
Total O&M Cost

Water Resource Costs

Acquist.& Recharge
CAP Water in GRUSP

Capital and O&M CAP
Interconnect. and Recharge Cost.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

155.00

0.00
0.00

155.00

121.00
20.00

141.00

419.57

•

•



• Rio Salado Water Supply ceist Estimates Groundwater Option: 10 MGD Ann. Avg.
Deep Wells 20 MGD Peak

Capital $/Well # Wells Total Cap. Amortized

Cost ($mill.) ( $mill.) Cost ($/AF)

Well Construction 1.6 7 11.2 100.00

Well Piping 0.13 7 0.91 8.13

VOC Treatment 0 7 0 0.00

(Packed Col. w/GAC)
Metals Treatment 0 7 0 0.00

(Ion Exchange)
Total Well Capital 1.73 7 12.11 108.13

Operation and Maintenance Costs

•

•

Pumping and Fees
Treatment O&M

Air Stripping w/GAC
Ion Exchange
Total O&M Cost

Water Resource Costs.

Acquist. & Recharge
CAP Water in GRUSP

Capital and O&M CAP
Interconnect. and Recharge Cost.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

155.00

0.00
0.00

155.00

121.00
20.00

141.00

404.13 $/AF



Rio Salado Water Supply Cost Estimates Groundwater Option: 20 MGD Ann. Avg. •Deep Wells 40 MGD Peak

Capital $/Well # Wells Total Cap. Amortized

Cost ($mill.) ( $mill.) Cost ($/AF)

Well Construction 1.6 14 22.4 100.00

Well Piping 0.13 14 1.82 8.13

VOC Treatment 0 14 0 0.00

(Packed Col. w/GAC)
Metals Treatment 0 14 0 0.00

(Ion Exchange)
Total Well Capital 1.73 14 24.22 108.13

Operation and Maintenance Costs

Pumping and Fees
Treatment O&M

Air Stripping w/GAC
Ion Exchange
Total O&M Cost

Water Resource Costs

Acquist. & Recharge
CAP Water in GRUSP
Capital and O&M CAP
Interconnect. and Recharge Cost.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

155.00

0.00
0.00

155.00

121.00
20.00

141.00

404.13 $/AF

•

•
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Rio Salado Water Supply Cost Estimates Surface Water Option - 5 MGD Ann Av
10 MGD Peak

Capital
Cost

3 -16" pipelines, 2.2 miles each @ $86/ft.
1-27" pipeline, 5.0 miles @ $148/ft.
8 - Turnout /auto control structures
Acquisition of replacement water supply

@ $1,200 per AF x 5,600 AF
Total Capital Cost

Operation and Maintenance Costs

Total Cap.
( $mill.)

2.99
3.91

0.8
6.72

14.42

Amortized
Cost ($/AF)

53.39
69.82
14.29

120.00

257.50

•

•

O&M for Gate and Control Structures

Annual Water Resource Costs

CAP Capital and O&M Charges
Interconnect and Wheeling Through SRP System.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

2.00

121.00
20.00

141.00

400.50 $/AF



Rio Salado Water Supply Cost Estimates Surf~ce Water Option -10 MGD Avg.
20 MGD Peak •

Capital
Cost

3 -24" pipes,( South), 2.2 miles each @ $133/ft
1- 36" pipeline, 5.0 miles (north side) @ $196/ft.
8 - Turnout /auto control structures
Acquisition of replacement water supply

@ $1,200 per AF x 11,200 AF
Total Capital Cost

Operation and Maintenance Costs

O&M for Gate and Control Structures

Total Cap.
( $mill.)

4.63
5.17

0.8
13.44

24.04

Amortized
Cost ($/AF)

41.34
46.16
14.29

120.00

221.79

1.00

Annual Water Resource Costs

CAP Capital and O&M Charges
Interconnect and Wheeling Through SRP System.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

121.00
20.00

141.00

363.79 $/AF

•
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• Rio Salado Water Supply Cost Estimates Surface Water Option - 20 MGD Avg.
40 MGD Peak

Capital
Cost

3 -27" pipelines, 2.2 miles each @ $160/ft.
1-42" pipe, (northside) 5.0 miles @$242/ft.
8 - Turnout /auto control structures
Acquisition of replacement water supply

@ $1,200 per AF x 22,400 AF
Total Capital Cost

Operation and Maintenance Costs .

O&M for Gate and Control Structures

Total Cap.
( $mill.)

5.58
6.39

0.8
26.88

39.65

Amortized
Cost ($/AF)

24.91
28.53
14.29

120.00

187.72

0.50

•

•

Annual Water Resource Costs

CAP Capital and O&M Charges
Interconnect and Wheeling Through SRP System.

Total Water Resource Cost

Total Estimated Capital and O&M Cost

121.00
20.00

141.00

329.22 $/AF
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Rio Salado Water Distribution System
Order of Magnitude Coat Estimate

The concept for supplying water to the project is that six shallow wells will be constructed. One
weU each will be placed on opposite banks of the river at 24th Street, 16th Street, and Central
Avenue. Each well would pump to an elongated, lined, organically shaped storage pond having
a volume of apprOXimately 250,000 to 300,000 gallons. The ponds will provide a habitat amenity
at project entry locations and a storage buffer for well production and irrigation deliveries. From
these storage ponds, primary water distribution canals 6 to 8 feet wide and approximately 2 feet
deep would distribute the water downstream along both top banks for the length of the project
to provide water for cottonwood willow habitat on the bank and convey water via pipes or open
channels directly to the wetland areas and the flowing stream in the low-flow channel. In some
locations, where the top of bank is too narrow to support an open channel, vegetation, and
access roadltrail, a buried pipe would replace the channel. Irrigation gate valves every five
hundred feet were included in this cost estimate for these tYpes of connections.

Additional study of flood irrigation of side slopes and the terrace areas indicates this strategy
does not appear to be economically feasible due to the high porosity of the existing streambed
material. Therefore, cost estimates were done for two alternative concepts for irrigation of the
cottonwood/willow and mesquite areas on side slope and terrace areas.

•

Concept 1 utilizes high-pressure, high-volume irrigation spray nozzles placed along the edge of
the bank approximately every 500 feet. These nozzles which can spray irrigate up to 30Q.400
feet out toward the channel would irrigate the side slopes and terraces. Six high pressure •
irrigation pumps stations, one at each storage pond, would pressurize an 8-inch water main
along the top of the bank for most of the length of the project. Irrigation head pipe risers would
be spaced every 400-500 feet along the edge of the bank. The cost estimate assumes that the
irrigation nozzles would be moved manually from riser to riser by maintenance workers.

Concept 2 utilizes the same pump concept and 8-inch main to provide irrigation water, however,
the water would be provided through an extensive driplbubbler irrigation system. This system
would be more expensive than Concept 1 and have high replacement costs after flood events.
Additional research and discussion with experts in habitat restoration is needed to determine if
thiS type of system will be needed to establish the trees. One scenario is that the drip system
would be used to establish the trees, then later a conversion could be made to the spray system,
eliminating the need for replacement of the drip system following a flood.

Cost estimates for the distribution and irrigation system are summarized below, with more detail
provided on the following sheets.

High Impact Sprinklers $7 million

Drip Irrigation $11 million

•
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High Impact Sprinklers

Sprinkler System

4,919 $639,470
6 $1,200,000

$1,839,470

8" Inch Water Line
High Capacity Impact Sprinklers
Risers
1,000 gpm Booster Pump
,Total

Total Cost
Contingency (25%)
Grand Total

•

•

$60 lineal foot
$1,500

500
150,000 each

43,716 $2.622,960
22 $33,000 I
22 $11,000

6 $900,000 i

$3,566,960

$5.406,430
$1,351,608
$6,758,038
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Drip Irrigation System

•

Total Cost
Contingency (25%)
Grand Total

Dri

$60 lineal foot
$12,000 acre

$120,000 each
$30,000

$8,422,430 .
$2,105.608

$10,528,038

•

'.
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Phoenix Water Advisor
November 10, 1997

COST ESTIMATE FOR
RIO SALADO

GRAVITY DISTRIBUTION SYSTEM

The gravity distribution system for the Phoenix Rio Salado is proposed to consist of a six
to eight foot wide and two foot deep partially lined canal on both the north and the south
banks of the Rio Salado from 24th street to 7th avenue. The canal will be constructed in
six segments. There will be one segment on both the north and south sides of the river
starting downstream of 24th street and terminating upstream of 16th street. The next two
segments will be on the north and south sides of the river starting on the downstream side
of 16th street, passing under 7th street and terminating upstream of Central avenue. The
final two segments will start on the north and south sides of the river downstream of
Central avenue and terminate upstream of 7th avenue.

Each segment will have two turnout structures and associated piping to allow water to be
delivered from the canals by gravity to the wetlands on the terraces and the water features
in the low flow channel. There will also have to two pipe sections with trash racks to allow
the canal to pass under 7th street.

ESTIr--ftATED COSTS ARE:

•

Turnout Structure With Trash Rack ( 12 at $1 0,000 each)
1200 Feet of 12inch Diameter Pipe ( at $60 per foot)
1200 Feet of 16inch Diameter Pipe ( at $90 per foot)
Piped Crossing Under 7th Street ( 2 at $200,000 each)
30,000 Feet of Partially Lined Canal ( at $60 per foot)

TOTAL ESTIMATED COST OF $2,500,000

$ 120,000
72,000

108,000
400,000

$ 1,800,000
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Public Works
Department

February 27, 1998

Mr. Mike Ternak
U.S, Army Corps of Engineers
3636 N, Central Ave,
Phoenix, AZ 85012

Re: Revised Water Supply Recommendation Paper - Rio Salado Feasibility Report, Indian
Bend Wash and Salt River Habitat Restoration Project

Dear Mr. Ternak

•

•

The City of Tempe Water Management Division (WMD) has completed a revision of the water
supply recommendations paper we submitted to the U.S. Army Corps of Engineers in May, 1997.
This paper was included as part of Appendix H, Water Supply Analysis and Cost, in the August,
1997 Rio Salado Feasibility Report issued by the U.S. Army Corps of Engineers. The revised
paper and attachments are included with this letter for your reference.

The initial water supply paper prepared by the Tempe WMD estimated the annual water demand
of the Tempe reach of the project at 750 acre-feet per year. The U.S. Army Corps of Engineers
currently estimates the water demand for the Tempe reach of the project to be 1.5 - 1.7 million
gallons per day, or about 1,700 - 1,900 acre-feet per year, more than twice our initial estimate. The
revised water supply paper provides more detail about the availability and limitations of each
alternative water supply, and how it may be used for the features of this project. Two of the water
sources in the initial paper were removed from further consideration in this paper, and one new
water source option was added.

To address the concerns of the U.S. Army Corps of Engineers about the availability of water
supplies for this project, the Tempe WMD is recommending the drilling and installation of one or
two new water supply wells dedicated to this project. The new water supply well alternative offers
the only dedicated and uninterruptable water supply available to meet the daily and annual water
demands of this project, other than the acquisition of additional Central Arizona Project (CAP)
supplies. Additional CAP water for this project may not be available within the City's existing
annual CAP allocation in most years. Additional CAP water supplies dedicated to this project may
be secured with by obtaining a new CAP subcontract to provide water for this project, however,
the availability of unallocated CAP water supplies is uncertain. There are many other water users
seeking to obtain unallocated CAP water, and a portion of unallocated CAP water is being targeted
for settlement of Indian water rights claims. The cost of securing and delivering CAP water will
certainly exceed the cost of one to two new water supply wells dedicated to this project.

The Washington Level Policy Review Team expressed concerns about implementation of the
habitat restoration plan in light of uncertainty about a sufficient water supply for the project.

@ Pnnteo on ReCYCle<:: Paper.



Additional water supply information has become available to the WMD since we prepared the
initial water supply recommendation paper in May, 1997:

The City of Tempe has been granted status as a water provider having a 100-year Assured Water
Supply Designation by the Arizona Department of Water Resources (ADWR). The designation
was made official on December 31, 1997. The City of Tempe and ADWR are now operating under
the terms ofthat designation. The designation provides for a specific amount of underground water
supplies that can be withdrawn each year. These include: Long-term storage credits from recharge
projects that Tempe owns or participates in, an incidental recharge factor that accrues each year,
and an annual groundwater allowance. The City of Tempe has sufficient underground water
reserves to supply this project with pumped water and can commit to supplying the project out of
one of these three underground water allocations. One or two new wells will be necessary to
recover these supplies in the quantities needed for this project.A copy of Tempe's Assured Wat.er
Supply Designation document is included as an attachment.

We hope this letter and the revised water supply paper provide the level of detail needed to move
forward with water supply recommendations for the project. We have not fully analyzed capital
outlay or operating costs for each alternative in this paper, but the WMD and the Tempe Rio
Salado staffwill work closely with the U.S. Anny Corps of Engineers to complete any additional
financial analysis required. We do believe that our top ranked water supply option, one or two new
supply wells dedicated to this project, is the only firm water source presently available to meet the
total water demands of the project. A :firm water supply should weigh heavily in any financial
analysis ofproject costs.

Ifwe can be offurther assistance to you in this project, or are in need ofany additional data, please
call me at (602) 350-2608.

Sincerely,

Eric S. Kamienski
HydrologistlWater Rights Specialist
Water Resources - Tempe Water Management Division

cc: Steve Nielsen
Don Hawkes

•

•
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City of Tempe
Public Works DepartmentlWater Management Division

Revised Water Supply Recommendations

for

US Army Corps of Engineers
Rio Salado, Salt River, Arizona

Indian Bend Wash & Salt River Habitat Restoration Project

February, 1998



Background

The City of Tempe's Water Management Division (WMD) was asked in 1997 to provide
recommendations for a source of water supply to restore wetlands and habitat to historic
condition along three reaches of the Salt River within Tempe. The three reaches are: 1)
within the Indian Bend Wash (IBW) between McKellips Road and the IBW drop structure
into the Salt River (IBW reach), 2) within the Salt River directly upstream of the planned
Rio Salado Town Lake upstream rubber dam (SRU reach), and 3) within the Salt River
downstream of the planned Rio Salado Town Lake downstream rubber dam (SRD
reach). The relative sizes of these areas are approximately 25-30 acres in the IBW site,
approximately 60 acres in the upstream Salt River site, and approximately 80 acres in
the downstream Salt River site. The U.S. Army Corps of Engineers have estimated the
water demand necessary to sustain these proposed improvements at approximately 1.5
- 1.7 million gallons per day (MGD), about 1,700 - 1,900 acre-feet per year.

•

The WMD considered several potential water sources for the initial water supply
recommendation report in May, 1997. Among the possible sources listed were: City of
Tempe Well #6, Rio Salado Golf Course Well, Groundwater supply from North Indian
Bend Wash (NIBW) remedial actions and/or overflow from the Scottsdale IBW lakes,
City of Scottsdale Well #69 (Metering Station Well), Central Arizona Project (CAP) water
delivered through the SRP canal and lateral system, Salt River Pima-Maricopa Indian
Community exchange, Groundwater supply from South Indian Bend Wash remedial
actions, and Papago Water Treatment Plant filter backwash discharge.

The WMD and Tempe Rio Salado staff have further examined the feasibility of each •
water supply alternative, eliminating several alternatives from further consideration and
adding at least one alternative water supply for the habitat restoration project. The
revised list of potential water supply options takes into account additional information
and comments from the U.S. Army Corps of Engineers reviewers, City of Tempe staff,
Salt River Project (SRP) staff, City of Phoenix staff (with regard to their options in the
Phoenix reach), U.S. Environmental Protection Agency, and the public.

Additional information relating to the feasibility of each option has become available
since the May, 1997 water supply recommendations, and this information is utilized in
ranking the potential water suppJy options. This information includes the City of Tempe's
Designation of Assured Water Supply Certificate, issued by the Arizona Department of
Water Resources on December 31, 1997, information contained within the U.S. Army
Corps of Engineers Washington Level Review document for the Rio Salado Ecosystem
Restoration Project, dated January 30, 1998, information relating to water supply
available on a limited basis from NIBW remedial actions (Area 12 NPDES permit
application for treatment and discharge of groundwater to the SRP system or McKellips
Lake and IBW), and additional analysis of options at COT Well # 6.

Further analysis of these proposed water supply options by the U.S. Army Corps of
Engineers and the City of Tempe is still needed before a preferred option can be
selected. This document only serves as an outline to guide those discussions.

•
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Water Sources

WMD staff eliminated two of the possible water supply options listed in the May, 1997
Water Supply Recommendations document. These sources were speculative at best,
and ranked very low as a potential water supply for the project: The exchange with the
Salt River Pima-Maricopa Indian Community was eliminated from further consideration.
No discussions have taken place with the Community to examine potential sources of
supply or exchange. There does not appear to be merit in further examination of this
option considering the other water supply options available that will be within the City's
control. Papago Water Treatment Plant filter backwash water discharge was only
envisioned as an exchange option with SRP. The amount of water potentially available
is much smaller than originally estimated, and is not feasible for further consideration as
a water supply exchange option.

One new water supply option was added. The WMD investigated the annual water
demand estimates for the Tempe reach of the project, and looked closely at the
limitations of some of the other water sources to meet these demands. Considering the
concerns of the U.S. Army Corps of Engineers relating to the availability and cost of
water supplies (see pg. 29 of U.S. Army Corps of Engineers Washington Level Policy
Review Comments, Section I - Water, dated January 30, 1998), the WMD believes that
the best option for this project may be to drill and equip one or two new water supply
wells dedicated to this project.

The following water supply alternatives are ranked in order of availability for exclusive
use at the habitat restoration project. The WMD is not attempting to analyze all potential
costs to fully develop capital improvements and infrastructure necessary to deliver each
potential water supply to the project in this document. The City of Tempe and the U.S.
Army Corps of Engineers must work jointly on cost estimates for the water supply
alternative(s) that provide the most reliable water supply for the Tempe project reach.

The potential water supply sources are ranked in order of their availability to the project,
and in their ability to deliver the necessary volumes of water needed for the project.
Some of the potential water supplies may be supplemental only, and as such are
considered to be of somewhat lower availability and ranking.

1. New Water Supply Wells for the Rio Salado Habitat Restoration Project

The best alternative to meet the water demands for the entire project may be to drill and
equip one or two new water supply wells. The annual water demand for this project, as
estimated by the U.S. Army Corps of Engineers, is about 1,700 - 1,900 acre-feet per
year (equivalent to a continuous flow rate of 1.5 -1.7 MGD). This is more than twice the
amount the WMD had estimated in putting together the initial list of water supply
alternatives (see May, 1997 Water Supply Recommendations, pg. 1, Tempe WMD,
estimate about 750 acre-feet/year). The WMD has analyzed all the alternative water
sources, and we have concluded that the potentially available water sources examined
in the May, 1997 Water Supply Recommendations document may not be sufficient
alone to meet annual water demands of 1,700 -1,900 acre-feet per year.

3



For the highest level of uninterruptable water supply availability and operational flexibility •
the WMD recommends drilling and installing two new supply wells for the Tempe reach
of the project, each equipped to pump at approximately 700 gpm (1 MGD each). This
volume should be sufficient to meet the annual water demands of the project and allow
sufficient capacity for maintenance down time. The new wells would be dedicated to
supply this project only. The most probable location for these wells would be somewhere
in the vicinity of Curry Rd. and the IBW (S. %, Section 11, T. 1 South, R. 4 East). Aquifer
lithology and aquifer thickness in the area appear to be sufficient to support this level of
groundwater production. The aquifer units in this vicinity consist of unconsolidated
alluvial basin fill deposits, and total well depths of at least 500-600 ft. are possible before
encountering underlying bedrock or conglomerate formations of lesser permeability
(from "City of Tempe Well Siting Study", March, 1997, Brown & Caldwell).

Monitor well and production well data from nearby well sites indicate that groundwater is
of suitable quality for any designated water use (meets .Arizona Aquifer Water Quality
Standards). The most recently available groundwater quality data from these sites
indicate that wellhead treatment to remove volatile organic compounds (VOCs) is not
required. The groundwater quality data from these wells is available for review from
WMD staff. Groundwater in aquifers approximately one mile to the north (NIBW area)
and 1.5 miles to the south (SIBW area) has been impacted by VOCs, however. Further
investigation will have to be conducted as to the most likely well sites and any potential
groundwater quality issues at those sites. A NPDES permit for discharge of these wells
to IBW or the Salt River will be required when a site is selected.

Another alternative would require the drilling and installation of only one new well, with a •
pump capacity of apprOXimately 1,000 gpm (1.4 MGD) to meet most of the water
demand for the Tempe reach of the project. The remaining water demand would be
made up from several other potential sources: COT Well # 6; increasing pump capacity
at the Rio Salado Golf Course irrigation well under an agreement with the Golf Course
to fund the capital and additional incremental operating costs in exchange for the
increased water supply available to the project; similarly, an agreement with the City of
Scottsdale to increase the pump capacity or lease COS Well 69 for use in the project; or
use of treated groundwater from the NIBW Area 12 discharge when available. In the
future, treated groundwater from SIBW remedial actions may also be available. These
options are further examined below, but none of them alone appear to be sufficient to
provide a reliable, uniterruptable, water supply without the addition of at least one new
supply well dedicated to this project.

With regards to the availability of underground water supplies for this project
(groundwater, recovered recharge credits ... ), the WMD would like to address the
concerns of the U.S. Army Corps of Engineers Washington reviewers (pg. 29, Section I.,
Water, Washington Level Policy Review Comments, Rio Salado Ecosystem Restoration
Project, dated January 30, 1998). The City of Tempe has been granted status as a
water provider having a 1DO-year Assured Water Supply Designation by the Arizona
Department of Water Resources (ADWR). The designation was made official on
December 31, 1997. The City of Tempe and ADWR are now operating under the terms
of that designation. The designation provides for a specific amount of underground
water supplies that can be withdrawn each year. These include: Long-term storage •
credits from recharge projects that Tempe owns or participates in, an incidental
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recharge factor that accrues each year, and an annual groundwater allowance. The City
of Tempe has sufficient underground water reserves to supply this project with pumped
water and can commit to supplying the project out of one of these three underground
water allocations. One or two new wells will be needed to recover these supplies in the
amounts needed for the project. A copy of Tempe's Assured Water Supply Designation
document is included as an attachment.

2. City of Tempe Well # 6

Well #6 is located to the west of, and nearly adjacent to, the IBW just south of McKellips
Road. It is piped to allow discharge to the SRP Indian Bend Pump Ditch (irrigation
lateral), or directly into the IBW via a storm drain. The well has historically had a
pumping capacity of approximately 2400 gpm (3800 acre-feet per year). The well is
currently out of service. The aquifer in the vicinity of COT Well #6 is impacted by a
plume of volatile organic compounds (VOC's, predominantly trichloroethylene-TCE)
throughout most of the well's total depth. This well is located within the NIBW Superfund
site. Use of this well as a water source for the habitat restoration project may require
clean-up of the VOC contamination in the well discharge to meet drinking water
standards. The groundwater discharge from the well currently contains TCE levels
above Arizona Aquifer Water Quality Standards (AAWQS for TCE = 5 ug/I, current
wellhead discharge TCE concentration is in the range of 10-25 ug/I). An NPDES permit
for discharge of the treated water will be required, and any potential impacts to ongoing
remedial actions at the NIBW SFS need to be addressed.

The following table lists the ranges of specific groundwater quality parameters from
recent sampling at COT Well #6:

COT Well #6 - Groundwater Chemistry (ranges of specific parameters from recent
groundwater sampling - in mglL, unless otherwise noted; NO =non-detect)

Total Dissolved Solids (TDS): 620 - 780
pH: 7.4 - 7.9
T. Alkalinity: 148 - 182
T. Hardness: 246 - 276
CA ++ Hardness: 56 - 109
Conductivity: 1200 - 1325 us/cm
Fluoride: 0.40 - 0.46
Chloride: 181 - 269
Nitrate - N: 3.2 - 4.0
Sulfate: 81 -101
Trichloroethylene (TCE): 7 - 26 ug/L
Tetrachloroethylene (PCE): ND - 0.8 ug/L
Chloroform: ND - 0.7 ug/L

The City of Tempe WMD is investigating ways to utilize this well for non-potable water
uses as an exchange source with SRP. The well has an irrigation line connecting to
SRP's Indian Bend Pump Ditch, and has historically been utilized as an exchange well.

5



As a non-member well (not on located on SRP member lands) this well is valuable to the •
City as an exchange source with SRP, to pay back water used on non-member lands in
the City. Development of non-member lands in the Tempe water service area over the
past several years has increased the overall annual water use on non-SRP lands in the
City to over 4,100 acre-feet. The City's Central Arizona Project (CAP) allocation is only
4,315 acre-feet per year, and the service area non-member water demand will soon
exceed this. Therefore, the use of this well for exchange purposes with SRP is of
highest priority to the City at this time.

The WMD is awaiting the promulgation of new end use water quality standards by the
Arizona Department of Health Services and Arizona Department of Environmental
Quality. Specific VOC end use standards for irrigation canals and irrigation uses, lakes,
open water bodies, etc. are being reviewed. The City will await the adoption of these
end use standards before making any decisions about the potential needs for wellhead
treatment at this well. The well will not be used for any potable water supply, only non
potable uses such as irrigation or use in the Rio Salado Habitat Restoration Project.
Depending on the end use water quality standards for these non-potable uses, the City
will make a determination of what level of wellhead treatment, if any, is necessary.

The City is not seeking any cost sharing funds from the U.S. Army Corps of Engineers
for wellhead treatment at this well, if needed. The well's primary purpose will be as a
part of the Tempe Water Service Area non-member land payback/exchange irrigation
supply to SRP. Use of this well to supply water for the Rio Salado Habitat Restoration
Project will be limited. There will be times when SRP will not, or cannot, take exchange •
water from Tempe through COT Well # 6. This includes canal dry-up periods, spillwater
conditions on the SRP system or other operational constraints, or times when Tempe
has other sources of water available for non-member land water demand (Le.,
Roosevelt Dam New Conservation Storage allotment). During these times the City of
Tempe will make COT Well #6 available for use in the Rio Salado Habitat Restoration
Project. As such, this well must be considered only as a supplemental water supply for
this project, available only periodically.

3. Rio Salado Golf Course Well

The Rio Salado Golf Course is located near the IBW between McKellips and Curry
Roads, and is directly upstream of the IBW reach. The golf course has a well with a
capacity of 500 gpm (800 acre-feet per year). The well pumps into an on-site pond
which is then used to pressure irrigate the golf course. The well is 624 feet deep and
has a 16 inch casing.

The golf course has an annual groundwater allotment of approximately 217 acre-feet.
Historically they have used their total allotment to irrigate the golf course. Under current
ADWR regulation no additional groundwater can be withdrawn from this well. The City
has entered into an agreement with the owners of the Rio Salado Golf Course to assign
recharge credits to the Rio Salado Golf Course for recovery at this well. This allows the
course to recover underground water supplies other than mined groundwater.

6
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The WMD will pursue discussions with the owners of the Rio Salado Golf Course to
examine the possibility of increasing the pump capacity of the Golf Course Well,
obtaining a new recovery well permit, and assigning additional recharge credits to be
recovered at the well for use in the habitat restoration project. The capital investment to
increase the pump capacity may be much less than the cost of a new supply well, but
the extra capacity will not be sufficient alone to meet the needs of the restoration project
without at least one new water supply well dedicated to this project. The available
groundwater quality data from this area indicates that wellhead treatment to remove
VOCs is not needed.

4. City of Scottsdale Well 69 - Scottsdale Metering Station Well

The City of Scottsdale (COS) has an unused, or underutilized well at a location
favorable to provide a water supply for this proposed project. COS Well #69, also known
as the COS Metering Station Well, is located near the IBW, south of Curry Road and
north of the Salt River near the COS Fire Training Facility. The well is reportedly 800
feet deep, and has a 16 inch casing. The well is currently equipped with only a small
pump. Recent data indicates that this well is not currently being used. Only very
preliminary discussions with COS officials have taken place with regard to the potential
use of this well for this project.

Similar to the situation with the Rio Salado Golf Course Well, the WMD will examine the
potential options to lease this well, increase the pump capacity, obtain a recovery well
permit and assign recharge credits for recovery at the well for this project. Again, the
capital investment to increase the pump capacity may be much less than the cost of a
new supply well, but the extra capacity will not be sufficient alone to meet the needs of
the restoration project without at least one new water supply well dedicated to this
project. The available groundwater quality data from this well and others in the area
indicate that wellhead treatment to remove VOCs is not needed.

5. Water from NIBW Remedial Actions at Area 12 - NPDES Permit

Motorola SSTG has applied for a NPDES permit to discharge treated groundwater from
Area 12 in the NIBW Superfund site. The pumping is a part of groundwater remedial
actions at Area 12. The treated water will be discharged to a SRP irrigation lateral that
eventually discharges into McKellips Lake (IBW in Scottsdale) and then the SRP Indian
Bend Pump Ditch. During canal dry-up periods, spillwater conditions on the SRP
system, or during other times when SRP operations dictate, the NPDES permit
proposes this water will be discharged through McKellips Lake into the Tempe Rio
Salado Habitat Restoration Project reach at IBW and McKellips Rd.

This water source can be considered as supplemental only, and not sufficient to meet
the water demands of the restoration project without at least one new water supply well
dedicated to this project. It is possible that in the future additional treated water from
NIBW remedial actions may be available to this project, although some of these supplies
may have SRP member land restrictions on where the water can be used.
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6. CAP water delivered through the SRP Canal and Lateral system

The City of Tempe has agreements with SRP to deliver Tempe's allocation of Central
Arizona Project (CAP) Colorado River water through the SRP system for exchange
purposes or directly for use at Tempe's two surface water treatment plants. Tempe is
currently using nearly all of it's annual CAP allocation to meet service area water
demands on non-SRP lands. Non-member land water demand in the Tempe water
Service Area will likely exceed our CAP allocation in 1998 or 1999. CAP water from
Tempe's municipal subcontract cannot be considered available for the Rio Salado
Habitat Restoration Project during most years.

If an additional allotment of CAP water could be secured for this project, Tempe could
take delivery to the habitat restoration project through the SRP canal and lateral system.
Existing capacity in the SRP canal and lateral system, and limited capacity available in
the CAP/SRP Interconnect Facility may constrain the ability to deliver this extra water
supply to some degree. The cost to secure the CAP water supply, and annual costs to
purchase and take delivery of this water may make this one of the highest cost options
for water supply to the project. The uncertainty over whether an additional allocation of
CAP water for this project could be secured, overall cost, and capacity constraints rank
this water supply option lower than most of the options involving water supply wells.

•

7. SIBW Remedial Actions

The U.S. EPA published the South Indian Bend Wash (SIBW) Groundwater Feasibility •
Study in 1997. The EPA is examining options for partial or full containment of several
plumes of vac contaminated groundwater in the SIBW area. The containment involves
pumping and treating groundwater to remove the VOCs. The feasibility study looked at a
number of potential end uses for the water, including use at Tempe's Rio Salado Project
and Town Lake.

The WMD ranked this water supply option last because any water supply available from
this program is at least five years off, and the EPA has not chosen a particular remedy
and/or end use at this time. Due to the SIBW location, the water supply would only be
available for the Salt River reaches of the habitat restoration project, not the IBW reach.
This potential water source may only be available to meet a portion of the water
demands of the project, and other water supply wells for the IBW reach will still be
needed. Water from some of the remediation wells may also have SRP member land
restrictions on where the water can be used.

•
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Recommendations:

The WMD recommendation for water supply to the Rio Salado Habitat Restoration
Project is the drilling and installation of two new water supply wells dedicated to this
project. The U.S. Army Corps of Engineers estimates on the daily and annual water
demands for this project (1.5 - 1.7 MGD, 1,700 - 1,900 acre-feet/year) make the
development of a dedicated supply source for this project a necessity. The existing
sources that may be available cannot alone supply all the water necessary for this
project. A second alternative that should be examined would be to drill and install one
new supply well dedicated to this project, and utilize some combination of water
available from other sources reported in this paper. Tempe can commit to supply this
project with underground water supplies available under our Assured Water Supply
Designation limits.

The Tempe WMD and Rio Salado staff are committed to work closely with the U.S.
Army Corps of Engineers to review all of the water supply options and select the most
reliable and cost-effective water supply for this project.

9
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ARIZONA DEPARTl\1ENT OF WATER RESOURCES

500 North Third Street, Phoenix, Arizona 85004
Telephone (602) 417-2410

Fax (602) 417-2401

January 2, 1998

Mr. George Fletcher
City of Tempe
P.O. Box 5002
Tempe, Arizona 85020

Re: Designation of Assured Water Supply - City of Tempe

Dear Mr. Fletcher,

JA1'lfE DEE HULL
Governor

RITA P. PEARSON
Director

•
I am pleased to infonn you that the Department of Water Resources has approved the City of
Tempe's application for a Designation of Assured Water Supply. We have enclosed the
fonnal Decision and Order and a copy of the file summary. The Decision and Order includes
an itemization of Tempe's responsibilities in maintaining the Designation.

Tempe's status as a designated water provider demonstrates that the City is taking a long-term
perspective in managing water resources by significantly reducing dependency on mined
groundwater. Tempe's commitment to acquire and deliver renewable water supplies represents
a major contribution to the State's goal of achieving safe yield in the Phoenix Active
Management Area.

Ifyou have any questions regarding these documents, please contact me at 417-2400, extension
7179.

Sincerely,

Steve Rossi, Manager
Office of Assured Water Supply

•
cc: Roy Tanney, Department of Real Estate



1

3

4

DEPARTMENT OF WATER RESOURCES

BEFORE THE DIRECTOR

IN THE MATTER OF THE APPLICATION
5 OF THE CITY OF TEMPE

FOR A DESIGNATION AS HAVING AN
6 ASSURED WATER SUPPLY

)
)
)
)

----------------)
7

AWS 97-007

DECISION AND ORDER

No. 26-002043

8 On March 27, 1997, the Department of Water Resources (Department) received a complete and

9 correct application from the City of Tempe ("Tempe") requesting that the Department designate Tempe as
\.

10 having an assured water supply pursuant to A.R.S. § 45-576(E) and R12-15-701 et. seq.

11 After reviewing Tempe's application and relevant information, the Department finds the following:

12

13

14

16

17

18

19

20

21

22

23

24

25

26

1.

2.

3.

4.

5.

6.

7.

8.

9.

Tempe is a city incorporated in accordance with Article XIII of the Arizona Constitution.

Tempe has the authority to deliver water to customers within its service area.

Tempe's current and committed demand for calendar year 1994 is 61,262 acre-feet.

Tempe's total projected demand for the year 201 0 is estimated at 70,462 acre-feet.

Tempe has demonstrated the physical, legal and continuous availability of groundwater,

surface water, Central Arizona Project water, Colorado River water and effluent in an

aggregate volume of 77,222 acre-feet per year for a minimum of 100 years, as more fully

described in Attachment A.

Tempe is currently in compliance with the conservation requirements prescribed in the

Second Management Plan for the Phoenix Active Management Area.

Tempe's proposed water sources meet the water quality standards established by the

Arizona Department of Environmental Quality.

Tempe has demonstrated the financial capability to construct the necessary delivery

system, treatment works and storage facilities to satisfy its projected demands through

2010.

Tempe's proposed groundwater use is not projected to exceed the volume of water in its

groundwater account pursuant to R12-15-705.



1

2 Having'reviewed the Findings of Fact, the Department makes the following •3 conclusions of law based on information which was either provided to the Department

4 or obtained independently by the Department prior to the issuance of this Decision

5 and Order:

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

1.

2.

3.

4.

5.

6.

7.

8.

The volume of water which is physically, continuously, and legally available to Tempe for a

minimum of 100 years as prescribed in R12-15-703, exceeds the projected demand in

calendar year 201 O.
\

Surface water available to Tempe through the Salt River Project is considered to be

available to meet demand of those lands eligible to receive surface water within the

boundaries of the Salt River Water Users Association.

CAP water obtained through the Roosevelt Water Conservation District assignment is

considered agriCUltural priority water, and is subject to Colorado River shortages. The

volume available considers the shortage frequency and Tempe's ability to store the water

in years of surplus for recovery during shortages.

The water sources pledged by Tempe are expected to meet the water quality requirements

specified in R12-15-704.

In accordance with R12-15-705, Tempe has demonstrated that its projected use of

groundwater is consistent with goal of the Phoenix Active Management Area.

In accordance with the requirements of R12-15-706, Tempe's proposed use of water is

consistent with the Second Management Plan requirements for the Phoenix Active

Management Area.

Tempe satisfies the financial capability criteria prescribed in R12-15-707.

Tempe satisfies all requirements for a designation of assured water supply.

2

•

•
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Having reviewed the Conclusions of Law, the Department hereby issues this

Decision and Order designating Tempe as having an assured water supply, subject to

the following conditions:

5

6

7

8

9

10

11

1.

2.

3.

,
The Department reserves the right under R12-15-709(A) to periodically review and modify

the designation as conditions warrant.

If the findings of fact or the conclusions of law upon which this designation is based are

found to no longer remain valid, the Department reserves the right under R12-15-709(A) to

revoke the designation.

\
Tempe shall annually provide to the Department the following information in the manner

prescribed in R12-15-711:

12

13

14

16

17

18

19

20

21

a.

b.

c.

d.

e.

The estimated future demand of platted, undeveloped lots which are located in

Tempe's service area.

The projected volume of water demand at build-out of customers with which

Tempe has entered into a notice of intent to serve agreement in the calendar year.

A report regarding Tempe's compliance with water quality requirements.

The depth-to-static water level of all wells from which Tempe withdrew water

during the calendar year.

Any other information required to determine whether to continue Tempe's

designated status which is requested by the director.

22 IT IS HEREBY ORDERED THAT TEMPE BE DESIGNATED AS HAVING AN ASSURED

23 WATER SUPPLY:
sf'

24 DATED this3/ day of December, 1997.

25

26

3
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2

3

4

5
A copy of the foregoing

6 Decision and Order mailed
by certified mail this

7 _dayof _
1997, to the following:

8

9

\
10' Mr.George Fletcher

City of Tempe
11 P.O. Box 5002

Tempe, AZ 85280
12

•

Mr. Roy Tanney
13 Arizona Department of Real Estate

2910 North 44th Street
14 Phoenix, AZ 85018

15 •

16

17

18

19

20

21

22

23

24

25

26

27

28 4 •



• •Attachment A
City of Tempe Designation Application

Water Source and Supply Review

•
# Source AFfYear Treatment 0 tions Comments

Salt River 60,499 Papago Water Based on SRP estimates of on-project build-
Project Treatment Plant out demand. SRP water can only be used for
(SRP) Capacity: 56,007 aflyr on-project demand. Recharged SRP water

must be recovered monthly and used on
South Tempe Water project.
Treatment Plant
Capacity: 44,805 aflyr

2 New 4,200 Appropriative Right
Conservation # 33-96226
S ace Water

3 CAP 4,315 Facility Type=Underground Storage Facility Municipal & Municipal & industrial priority
Subcontract Recharge Site=GRUSP #71-516371 Industrial CAP

Adjusted Permit Capacity= 2,3502 aflyr Subcontract

4 Salt River 100
Expire=12/31/10

SRPMIC Water Indian priority
Pima Rights Settlement SRPMIC waives Indian sovereign rights
Maricopa Act of 1988 Beginning in 2000
Indian
Community
CAP

5 Roosevelt 4 Agriculture Priority
Water Back-up amount deducted
Conservation As RWCD urbanizes, supply decreases-full
District . ~ urbanization assumed
(RWCD :'
Assignment
CAP

6 100 Colorado River Water Priority
Pre-1968 water right

7 Effluent 924 Kyrene Waste Water
Treatment Plant



8

9

10

Groundwater
Incidental
Recharge
IR

Groundwater
Allowance

Existing
Long-Term
Storage
Credits

Notes:

2,685 - Well head treatment
3,108

Available well capacity =
23,523 aflyr

3,620

352

Service Area
Right#56-002023

Long Term Storage
Account #70
441123
Recovery Well
permit #'s
74-547332

IR factor= 4.67% of previous year's demand
The range of IR begins with the IR amount for
1998 and held constant at 2010 demand.

7.5 multiplied by 1994 total water usage,
s read over 100 ears

35,201 acre-feet total credits accrued as of
12/31/95 spread over 100 years.

1. If the aggregate volume of storage permits exceed facility capacity, then the storage permit volumes are adjusted downward to reflect actual available
storage capacity.

2. Though the facility is permitted for 200,000 aflyr, for Assured Water Supply purposes the Department is utiliZing 100,000 aflyr as the available facility
capacity. This figure is subject to change based on the results of ongoing monitoring of this project. An agreement between SRP and the storage permit
holders entitles the City of Tempe to 2.35% of the capacity of the facility.

• • •
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DEPARTMENT OF WATER RESOURCES

OFFICE OF ASSURED AND ADEQUATE WATER SUPPLY
PHOENIX ACTIVE MANAGEMENT AREA

City of Tempe Application for a

Designation of Assured Water Supply

Summary Document

DWR #26-002043
December 19, 1997
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INTRODUCTION

This report describes demand and supply factors considered in evaluating the City of Tempe's application for
a Designation ofAssured Water Supply. The determination is subject to periodic evaluation to affirm that the
conditions for being designated continue to exist. Also, at Tempe's request, the determination may be modified
in the future to reflect the availability of additional water supplies. Tempe's current "deemed" assured water
supply status expires at the end of 1997, and a complete and correct application for a designation under the
Assured Water Supply Rules was filed on March 27, 1997.

In general, an entity Wishing to obtain a designation of assured water supply must meet five basic regulatory
criteria: 1) the water supply pledged must be physically, legally and continuously available for a 100 year
period; 2) the supplies must be of adeq'uate quality; 3) the use of the water must be consistent with the
management plan conservation requirements prescribed for the provider; 4) the use of the water must be
consistent with the groundwater management goal of the AMA; and 5) the provider must have the financial
capability to construct necessary storage, treatment and distribution systems. The Assured Water Supply
Rules, adopted in February 1995, provide detailed guidelines for meeting each of these criteria.

Detailed supply and demand figures may be found in the attached charts and spreadsheets. The formal order
designating Tempe as having an assured water supply has been established as a separate document.

PARTI
DEMAND SUMMARY

1.0 Generallnfonnation

A provider must demonstrate at a minimum sufficient supplies to cover current demand, committed
demand and at least two years of projected growth. For purposes of the re-designation, "current
demand" is based on 1994 water use by the provider. Committed demand is defined as the expected
water use on recorded but presently undeveloped lots within the water provider's service area.
Projected demand is calculated by multiplying population projections and 1994 water use rates for the
provider, unless the provider submits a reasonable substitute.

It should be noted that a committed demand adjustment is not incorporated into the projections, but
rather is added to the current and projected demand on a yearly basis to make the determination.
Thus, projected demand reflects expected actual demand for a particular year and then committed
demand is added to meet the Assured Water Supply rule requirements. Upon the annual re-evaluation
of a designated provider's status, committed demand for the prior calendar year will be added to the
reported demand for that year together with the next two years of projected demand to determine if the
provider will remain designated.

Because Salt River Project supplies may only be used on lands within the Salt River Project
boundaries, current and projected demands for the provider have been separated into "on-project"
(within the boundaries) and "off-project" (outside of the boundaries) categories. On-project demand
includes that associated with lands having decreed and appropriative rights to Salt River water as
confirmed under the Kent Decree. Off-project demand, which can be met with any source,
incorporates water used on lands outside of the SRP boundaries as well as that of "non-member"
lands, (those lands within the SRP boundaries which do not receive SRP supplies).

Some water providers, including Tempe, have executed water exchange agreements with Salt River
Project that allow them to deliver Salt River Project supplies to off-project demand. The contracts
require volumetric accounting for the water delivered to these off-project areas. The same amount of
non-SRP supplies must be delivered to on-project areas to fulfill the contract requirements. In any
event, all SRP deliveries cannot exceed on-project demand. These contracts do not effect the
supply/demand analysis.

DWR No. 26-002043
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2.0 Demand

2.1 Population Projections

Population projections were obtained from the 1993 Maricopa Association of Governments (MAG)
Population Report. •

2.2 Per-Capita Rate

Tempe's 1995 GPCD use rate was 294, including all water withdrawn, diverted or received for delivery,
including effluent, spill water, and water that is lost and unaccounted for. The regulatory GPCD rate
calculated for Tempe in 1995, excluding spill and effluent, was 232 GPCD, within Tempe's SMP2 Total
GPCD requirement of 247 GPCD. Thus, Tempe is found to be in compliance with the Second
Management Plan conservation requirements.

2.3 Projected Demand

Tempe provided projected build-out demand based on a water duty estimate developed for Tempe
by James Montgomery, Consulting Engineers, illustrated in Table 2.3.1 below. Annual projected
demand was then estimated based on current (1996) demand evenly to the 2016 demand and is
detailed in Appendix B.

Table 2.3.1
Build Out Demand

•
:i •.•:::jiii8l~(·~.i:i ••••:i•• :iili.i.1 {) :::~(16)\"')'Dji;;lfcmdFil6tor: ..:...... '.)eii\k,aOuid¢ffi~Hdih::;

\ .',:,::":::,:'.:.·:.·:'·,·.'.:.:.:"'.:·:.··:'B·.':··:'·u·.·<~I'.:I'·d::.·.:·:.:_·.":.'o·'··.".·.:·.u·:.·.':.'·.·t':·.'.':.·A"'.'·'·c'::':·r"·.'·e·.'::'a'::'·.:'g·.'·e·.··.".·.',':.':,·.·,:·:·.·:': .•·.:.: :.:','.:'.':':.,:.•..",.:',•.,'·A':'.···.·.• "".··:,·:,.·.·A·:.··.·'.'.'C··,··.·.•,','.:::'.:'.·.·.'..•..··':·:'.•...'.':'.'.'.•.' .•:'.•..'.. ........:.::::".....m,: :,:,::~ct.e+fe;et>. .,/

Residential 8827 2.75 24,274

Commercial 1895 2.25 4,264

Government 279 2.25 628 •Institution 248 2.25 558

Industrial 3159 3.5 11,057

Education 977 3.5 3,420

9pen Space 1943 4.5 8,744

Rights-of-Way 5674 0.5 2,837

Undeveloped 2549 4.5 11,471

County Islands 588 3.5 588

Guadalupe 512 2.45 1,258

Rio Salado Lake 2,000

TOTAL 71.097

2.4 Committed Demand

Committed demand was calculated at 13,000 acre-feet. This is based on lot estimates and demand
assumptions provided by Tempe.

•DWR No. 26-002043
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PART 11
WATER SUPPLY SUMMARY

1.0 General Information

1.1 Background

Tempe is claiming several different sources of water, which are described in further detail in this report
and summarized in Appendix A. These supplies include Salt River Project water, Roosevelt Water
Conservation District water, various categories of Central Arizona Project water (municipal subcontract,
Salt River Pima-Maricopa Indian Community lease, Roosevelt Water Conservation District
Assignment), Colorado River Water (Wellton-Mohawk), effluent and groundwater. The sources
available to Tempe may be stored, treated and distributed through a number of system features.
Tempe maintains or makes use of surface water treatment plants, effluent from wastewater treatment
plants, groundwater wells, canals and an extensive distribution system. In addition, Tempe has the
ability to store and treat surface water and effluent supplies through recharge and recovery projects.

1.2 Surface Water Storage and Treatment Plants

Tempe currently treats SRP, CAP and Colorado River water at the Papago Water Treatment Plant
(PWTP) and the South Tempe Water Treatment Plant (STWTP). Tempe's treatment capacity at
PWTP is 50 mgd (56,007 acre-feet per year) and the STWTP has a treatment capacity of 40 mgd
(44,805 acre-feet per year).

1.3 Canal Capacity

According to the Salt River Project Canal Available Capacity Study (September 1991) there are no
foreseeable restrictions of SRP canal capacity to serve on-project demand.

1.4 Well Capacity

Tempe's total well pumping capacity is 21 mgd or 23,523 acre-feet per year. Tempe has projected
to use the existing well capacity for recovery of recharge credits, incidental recharge pumpage, and
groundwater pumping in years of drought or other surface water supply shortages. Additionally,
Tempe has planned one new service area well in their 1997 Capital Improvement Plan (CIP) with a
capacity of 3.6 mgd (4,032 acre-feet per year) for the same purpose. Tempe has 19 recovery wells
permitted in the service area with a maximum recovery capacity of 21,279 acre-feet per year.

1.5 Recharge and Recovery

Tempe has permits to store water at two underground storage facilities, the Granite Reef Underground
Storage Project (GRUSP) and the Ken McDonald Golf Course Recharge Facility. Additionally, Tempe
has permits to store CAP water at the New Magma Irrigation District Groundwater Savings Facility and
the Salt River Project Groundwater Savings Facility.

1.5.1 GRUSP

GRUSP is a constructed underground storage facility operated by the Salt River Project. The GRUSP
permit (#71-516371, expo 12/31/10) provides for storage of up to 200,000 aftyr. SalWerde River, CAP,
and Colorado River supplies may be stored at GRUSP. Through 1995, Tempe has stored 3,245 acre
feet of CAP water at GRUSP. This volume has been pledged toward the designation determination.
Any credits stored at this facility after 1995 will be added annually to Tempe's account once the
Department has made its annual credit calculation determination.

1.5.1.1 ProDortional Accountina at GRUSP

GRUSP is permitted to accept 200,000 af of water per year. Annual storage to date has been
well below 100,000 af. The aggregate volume associated with water storage permits for
GRUSP is 1,071,674 aftyr. Thus, in any given year, permit holders may be limited to storing

DWR No. 26-002043
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a much smaller volume than that associated with the water storage permit. In addition, facility
capacity at GRUSP may be limited in some years due to high runoff, seasonal fluctuations in
infiltration rates, and other factors. For designation purposes, the volume of anticipated

storage credits which may be pledged is based on an adjusted capacity of 100,000 aflyr. This •
'figure may be modified in the future based on the result$ of ongoing monitoring.

Table 1.5.1.1.2
GRUSP Capacity Distribution (as based upon a 100,000 aflyr capacity)

SRVWUA 20.31% 20,310 aflyr

Chandler 20% 20,000 aflyr

Gilbert 3.44% 3,440 aflyr

Mesa 24.86% 24,860 aflyr

Phoenix 26.88% 26,880 aflyr

Scottsdale 2.16% 2,160 aflyr

Tempe 2.35% 2,350 aflyr

TOTALS 100% 100,000 af/yr

Issuance of additional storage permits at GRUSP will not affect this breakdown. However, a
designation determination may be subject to change if an entity chooses to lease its storage
space to another entity. Any changes to this contract over time may affect the designation
determinations of all involved entities.

Tempe has permits to store up to 7,000 aflyr of CAP water at GRUSP. Based on the •
accounting referenced above, Tempe can pledge up to 2,350 aflyr of CAP water annually as
anticipated long-term storage credits towards the assured water supply determination.

1.5.2 Ken McDonald Golf Course Recharge Facility

Tempe operates a pilot under ground storage project associated with the Kyrene Waste Water
Treatment Plant. Tempe is permitted to store 10,000 aflyr of effluent or CAP water at this facility
(storage permit #73-551761) until April 22, 1998. At this time, because this is a pilot recharge project,
anticipated long-term storage credits will not be considered in the determination of assured water
supply. Any credits stored at this facility will be added annually to Tempe's account once the
Department has made its annual credit calculation determination. However, upon obtaining a full-scale
permit, Tempe may request an amendment to the application to include this project in the designation
and any anticipated long-term storage credits.

1.5.3 New Magma Irrigation District GSF

Tempe holds a Groundwater Savings Facility (GSF) permit to deliver CAP water in-lieu of groundwater
pumping for irrigation uses within the New Magma Irrigation District (NMIDD). The NMIDD GSF is
permitted to accept 85,000 acre-feet per year and expires January 1,2022. This project is based upon
the purchase of excess CAP supplies from CAWCD for use at the NMIDD-GSF. Because excess CAP
water is not based on a long term subcontract but on the availability of unused allocations, this project
is not pledgeable for the Assured Water Supply Program. Through 1995, Tempe has stored 31,956
acre-feet of CAP at this facility which has been included in Tempe's current designation account. Any
credits stored after 1995 at this facility will be added annually to Tempe's account once the Department
has made its annual credit calculation determination.

DWR No. 26-002043
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1.5.4 Salt River Project GSF

Tempe has been issued a storage permit for the Salt River Project GSF. This permit allows Tempe
to store 25,000 aflyr of CAP water under permit 73-553133.3 (exp. date 12/31/05). This project is
based upon the purchase of excess CAP supplies from CAWCD for use at the SRP GSF. Because
excess CAP water is not based on a long term subcontract but on the availability of unused allocations,
this project is not pledgeable for the Assured Water Supply Program. Through 1995, Tempe has not
stored any water at this facility. Any credits stored after 1995 at this facility will be added annually to
Tempe's account once the Department has made its annual credit calculation determination.

1.6 Recovery

Tempe currently holds permits to recover 21 ,279 acre-feet annually from wells throughout the service
area.

2.0 Salt River Project (SRP)

2.1 Background

The SRP delivers surface water originating in the Salt and Verde River watersheds. Water is stored
behind several dams on these river systems. and is delivered to lands within the Salt River Valley
Water Users Association through a network of canals. Recipients of this water are municipal, industrial
and agricultural water users within the SRVWUA who have rights based on the Kent Decree.

For purposes of considering this source in assured water supply determinations for municipal providers,
the Department accepted a report prepared by SRP entitled "SRP Assured Water Supply Study for Salt
River Project Member Lands" (November, 1995). This study evaluates the availability of the supply,
and allocates it among providers. The allocations are not necessarily indicative of the value or priority
of rights within each service area, but are based on projected build-out of "on-project" lands. The
available supply may be considered only for demands within that portion of a provider's service area
which are "on project" 0.e. unused allocations may not be delivered off project). Some water providers
have executed water exchange agreements with Salt River Project that allow them to deliver Salt River
Project supplies for off-project demand. However, total SRP deliveries cannot exceed on-project
demand. The SRP study confirms the physical, legal and continuous availability of the source to the
provider, subject to a provider's demonstrated ability to treat and deliver the supply. The SRP
allocation report may be modified periodically to reflect changes in current and projected demands.

2.2 Supply Availability

The supply available to Tempe, based on the SRP study, is 60,499 aflyr. However, this supply may
only be used to serve on-project demand. The 1998 on-project demand is expected to be 50,333 aflyr.
This water may be treated at the Papago and South Tempe Water Treatment Plants.

3.0 Modified Roosevelt Dam - New Conservation Space

3.1 Background

In 1986, an agreement between SRP, CAWCD, Maricopa County Flood Control District, State of
Arizona, United States Secretary of the Interior, and several cities in the Phoenix AMA was signed to
provide funding to increase the height of Roosevelt Dam in order to increase the storage capacity of
the Salt River during high run-<Jff years. In return, the cities would receive the water stored due to the
modified dam. For this supply to be considered a firm source, a figure must be established that would
reflect the amount of water actually available to the cities regardless of wet or dry years. Each City is
given capacity in the New Conservation Space based on their financial contribution to the project.
Tempe contributed 5% of the total cost, thus is given 5% of the capacity in the space.

3.2 Supply Availability

Although the total New Conservation Space can store up to 255,100 acre-feet, the amount determined
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to be available on an annual basis was adjusted based on historic median flows on the watershed. The
SRP-SRPSIM Model was used to determine the annual median flows for the Modified Roosevelt Dam,
resulting in an annual flow of 73,800 acre-feet per year. Tempe's share of this supply is 4,200 acre
feet, is considered a firm Salt River water supply. Tempe can treat this source of water at the Papago
and Sou~h Tempe Water Treatment Facilities. Tempe has requested an amendment to the Water •
Exchange Agreement with SRP to include this supply. Once the agreement has been fully executed,
the Department can include the ability to exchange this source in the designation determination.

4.0 Central Arizona Project (CAP) - Municipal Subcontract

4.1 Background

Central Arizona Project municipal supplies are allocated pursuant to 50 year subcontracts between
the United States Bureau of Reclama1ion and the water provider. Water providers in the Phoenix AMA
may access the water directly from the CAP canal or through the SRP system via the interconnect
agreement.

For assured water supply purposes, CAP municipal subcontract water is considered physically,
continuously and legally available to the subcontractor for 100 years, contingent upon the provider's
demonstration of sufficient storage and treatment facilities. For providers operating under the
interconnect agreement with SRP, it is assumed that sufficient canal capacity exists to meet demands
for direct delivery.

4.2 Supply Availability

5.0

Tempe's municipal subcontract is for 4,315 af/yr. This water will be treated at the Papago and South
Tempe Water Treatment Plants through the SRP/CAP Interconnect Facility. CAP water may also be
stored at GRUSP and the Ken McDonald Golf Course Recharge Facility and recovered through
recovery wells within the service area. Additionally, Tempe has the ability to exchange this supply with
SRP through the Water Exchange Agreement.

CAP - Salt River Pima-Maricopa Indian Community (SRPMIC)

5.1 Background

As part of the Salt River Pima-Maricopa Indian Community Water Rights Settlement (October 1988),
the Salt River Pima-Maricopa Indian Community (SRPMIC) leased CAP water to the United States,
who then leased the CAP water to several municipalities. In the agreement between the SRPMIC, the
Secretary of the Interior and the Cities, the SRPMIC waive their sovereign claims to the water. There
are no termination clauses included in the agreement. Water providers in the Phoenix AMA may
access the water directly from the CAP canal or through the SRP system via the interconnect
agreement.

Although the water has been leased, it still retains its priority as Indian CAP water in assured water
supply determinations. The water is considered physically, continuously and legally available to the
lessee for 100 years. As such, this source is considered firm.

5.2 Supply Availability

Tempe has pledged 100 af/yr of water leased from the Salt River Pima-Maricopa Indian Community.
The contract does not take effect until 2000. This water will be treated at the Papago and South
Tempe Water Treatment Plants via the SRP/CAP Interconnect Facility. CAP water may also be stored
at GRUSP and the Ken McDonald Golf Course Recharge Facility and recovered through recovery
wells within the service area. Additionally, Tempe has the ability to exchange this supply with SRP
through the Water Exchange Agreement.
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6.0 CAP - Roosevelt Water Conservation District- Assignment Water

6.1 Background

In the Salt River Pima-Maricopa Indian Community Water Rights Settlement, RWCD agreed to deliver
a portion of their subcontracted CAP water to several cities in the Phoenix area. This agricultural
priority water was provided as compensation for other water rights transferred from the cities to the
SRPMIC. The distribution of the RWCD water among the cities is pro-rated based on the percentages
in the following table:

Table 6.1.1
RWCO Water Distributions Amounts

City Percentaoe % of 5,000 aflvr % of 3,000 af/yr

Chandler 19.44% 972 583

Gilbert 30.74% 1,537 922

Glendale 13.64% 682 409

Mesa 12.54% 627 376

Phoenix 22.72% 1,136 682

Scottsdale 0.46% 23 14

Tempe 0.46% 23 14

Currently, the cities have access to a total of 5,000 aflyr of the RWCD water. As RWCD's eligible
acreage decreases, so does their allocation of CAP water. Therefore, as RWCD urbanizes (takes
acreage out of agricultural production) the allocation to the cities will also decrease. The guaranteed
minimum amount available is 3,000 aflyr.

Although, it is likely that the cities will receive more than the minimum for several years, for assured
water supply purposes the guaranteed minimum will be considered as the basis for a 100 year supply.
However, because the supply is agricultural priority CAP water (subject to shortages), a back-up supply
will be needed to allow this source to be pledged at full volume. Using shortage probability data from
the US Bureau of Reclamation, a likelihood of shortage will exist for 27.28 years out of the 100 year
period based on the following breakdown:

Table 6.1.2
Colorado River Shortages for Agriculture Priority Water

Year Average % of Years No Agriculture Priority
Water Will Be Delivered

1996-2028 0.00%

2029-2050 25.16%

2051-2095 50.00%

These shortage projections are subject to modification based on the availability of new information. In
effect, for the guaranteed minimum volume to be pledged in full, a backup source will be needed. In
the absence of a backup source, the volume considered as firm will be the guaranteed minimum less
the volume not available due to projected shortages.
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6.2 Supply Availability

Currently, 23 aflyr (0.46% of 5,000 aflyr) of RWCD water is available to Tempe. This is based upon
the present level of urbanization. As urbanization increases, the amount of water available from this
source decreases to 14 aflyr (0.46% of 3,000 aflyr). Adjusting for the shortage probability (27.28%),
the firm'amount is 4 acre-feet per year. •

The water will be treated at either the Papago or South Tempe Water Treatment Plants via the
SRP/CAP Interconnect Facility. To maintain continuous availability through the years of shortage,
excess supplies over the 4 acre-feet may be stored at GRUSP and the Ken McDonald Golf Course
Recharge Facility and recovered through recovery wells within the service area. The water may be
recovered during the shortage years from service area wells. Additionally, Tempe has the ability to
exchange this supply with SRP through the Water Exchange Agreement.

7.0 Colorado River - Wellton-Mohawk Irrigation and Drainage District Exchange Water

7.1 Background

The Wellton-Mohawk Irrigation and Drainage District (Wellton-Mohawk) is situated in the Gila River
Valley near Yuma. In addition to its groundwater rights, it takes delivery of Colorado River water
through a system of canals from Imperial Dam. As part of the SRPMIC Water Rights Settlement,
several cities in the Phoenix area gained the rights to a portion of 22,000 aflyr of Wellton-Mohawk
Exchange Water. This water is to be delivered through the CAP system.

The priority of the associated surface water right pre-<:lates the 1968 Central Arizona Project
authorization. This gives Wellton-Mohawk water the highest priority of the Colorado River supplies
available to Phoenix-area providers.

7.2 Supply Availability

Tempe has claimed 100 aflyr of Colorado River Wellton-Mohawk Exchange Water. The water can be •
treated at the Papago and the South Tempe Water Treatment Plants via the CAP/SRP Interconnect
Facility. Although this water is delivered through the CAP, it is legally Colorado River water, and thus
is not covered by Tempe's permits to recharge CAP. However, Tempe has the ability to exchange this
supply with SRP through the Water Exchange Agreement.

8.0 Effluent

8.1 Background

Tempe pledged 1,500 acre-feet per year of effluent for direct delivery and recharge in the AWS
application. Tempe effluent originates at the Kyrene Waste Water Treatment Plant (KWWTP). The
current capacity at the KWWTP is 3 mgd (3,360 acre-feet per year) with an expansion, described in
the 1997 CIP, to 4.5 mgd (5,041 acre-feet per year) planned for 1997. Tempe currently delivers
effluent directly to the Ken McDonald Municipal Golf Course. Additionally, Tempe plans to recharge
effluent through a network of vadose zone injection wells. Currently, Tempe holds a pilot recharge
permit for the Ken McDonald Golf Course Recharge Facility to recharge up to 10,000 acre-feet of
effluent annually.

8.2 Supply Availability

Tempe has described two methods of utilizing effluent in the service area, recharge and direct delivery.
Because Tempe does not hold a full-scale permit for recharge at the KWWTP, this option cannot be
used for assured water supply determination. Upon obtaining a full-scale recharge permit for this
supply. Tempe can request a modification to the designation to include future credits associated with
the KWWTP.

In order to calculate the amount of directly deliverable effluent available for assured water supply •
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9.0

determination, the Department must determine the amount of non-potable demand tied directly to the
supply. Historically, the maximum volume of effluent directly delivered by Tempe was 472.58 acre
feet to Ken McDonald Golf Course and 95.95 acre-feet to Benedict Field in 1996. However, the golf
course would have a maximum annual conservation requirement of 847.75 acre-feet and Benedict
Field would have a maximum annual conservation requirement of 76.76 acre-feet if 100% effluent was
being utilized. Thus, the total volume of 924.51 acre-feet can be pledged as available for direct non
potable use by Tempe towards the assured water supply determination.

Groundwater Withdrawals and Recovery of Non-Groundwater Sources from Wells

9.1 Background

The Assured Water Supply Rules set standards for continued pumpage of water from wells. These
withdrawals may be divided into two primary categories: 1) groundwater allowances, which are limited
based on the consistency with goal criteria for the AMA; and 2) recovery of non-groundwater sources
stored in recharge facilities. Projected water withdrawals must meet the physical availability standards
of the Rules.

9.2 Groundwater Allowances

The AWS Rules spec~three categories of groundwater allowances: 1) a phase-in quantity based on

a prescribed factor and 1994 demand; 2) an incidental recharge allowance, calculated each year
based on the annual demand; 3) credits from the extinguishment of groundwater rights. The first two
are applicable to all designations of assured water supply while the last is applied on a case specific
basis.

9.2.1 Phase-in Allowance

The rules allow a small quantity of mined groundwater to be pumped to allow providers time to "phase
in" renewable water supplies. The phase-in allowance for Phoenix AMA providers is calculated by
multiplying the entity's 1994 total water demand of by 7.5. For Tempe, the phase-in allowance is
calculated at 3,620 aflyr when averaged over 100 years (48,262 af * 7.5/100 years).

9.2.2 Incidental Recharge

Incidental recharge consists of water returning to the aquifer after it has been beneficially
used. Under the AWS Rules, incidental recharge is calculated by multiplying the provider's
total annual demand by 4 percent. This figure is an average developed based on ADWR
research. The Department has developed additional incidental recharge rates for providers
delivering water to turf-related facilities within their service area. Based on eXisting municipal
water deliveries and turf-facility allocations within Tempe, an additional incidental recharge
factor of 0.67% will be added to the AMA-average of 4% for the annual incidental recharge
calculation for Tempe.

An individual percentage may be approved by the Department on a case-specific basis.
Tempe submitted a request for an individual incidental recharge factor specifically for the
Town Lake project. Because this facility is not yet in operation, a numeric incidental recharge
value has not been established. However, the Department has developed a policy for
calculating the incidental recharge value that will be established for this facility once it is in
operation. Attached to this summary as Appendix D, is the policy memorandum on the
Incidental Recharge Factor for the City of Tempe - Town Lake.

In order to produce a conservative estimate for all municipal providers of incidental recharge
for the 100 year Assured Water Supply period, the standard incidental recharge estimate is
based on a flat-lined demand after 2010. Based on the demand projections supplied by
Tempe and an incidental recharge value of 4.67%, the incidental recharge for ranges from
2,650 aflyr in 1998 to 3,073 aflyr in 2010 and beyond.

9.2.3 Existing Storage Credits
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Through calendar year 1995, Tempe has a balance of 35,201 acre-feet of long term storage
credits. These credits were accumulated under permits to store CAP water at GRUSP and
the NMIDD-GSF. Although these credits can be used in any year, the 1DO-year volume of 352
acre-feet will be pledged for assured water supply determination.

9.3 Physical Availability of Underground Water Supplies

Evaluation of the physical availability of underground supplies must consider both the groundwater
allowance and storage credits (existing and anticipated). Applicants were requested to specify the total
volume ofwater to be pumped from each well overthe 100 year period. The volumes, which included
both groundwater and recovered credits, were inserted into the Department's Salt River Valley
Groundwater Model. Also included in the model were any corresponding recharge volumes. If after
considering the provider's proposed pumping over 100 years and the expected pumpage by other
users the depth to water is not expected to be below 1,000 feet below land surface, the requested
volumes may be authorized to be withdrawn pursuant to the Designation.

All pumping will be pursuant to Tempe's groundwater allowance, incidental recharge and recovery of
recharge credits. Based upon Tempe's priority date and the demand scenario presented by Tempe,
it appears that the depth to water criteria are met, as based on the conclusions of the SRV model.

\

10.0 Water Quality

There is one WQAAF site, the Northwest Tempe WQARF site and two CERCLAlSuperfund sites, the
North Indian Bend Wash (NIBW) and the South Indian Bend Wash (SIBW), within Tempe's service
area boundaries that have been determined by the U.S. Environmental Protection Agency to have
contaminated groundwater. Tempe has one well (COT#6) that is affected by the NIBW Superfund
Site. However, this well has been disconnected from the municipal grid and is not used to supply
potable water. Additionally, Nitrate concentrations in Tempe exceeded the maximum contaminant
level (MCl) of 10 mgll in some areas. One well (COT #3) has been disconnected from the municipal
grid and is not used to supply potable water.

11.0 Summary

In conclusion, the Department has found that Tempe meets the following criteria for obtaining a Designation
of Assured Water Supply:

Physical, legal and Continuous Availability
The volum~ of water which is physically, legally and continuously available is
sufficient to satisfy it's 2010 demand of 70,462 acre-feet per year.

Adequacy of Water Quality
The supplies available to Tempe have been found to meet State water quality
standards for the intended use.

Consistency with the Management Plan of the Phoenix Active Management Area
Tempe is in compliance with the Phoenix MvlA Second Management Plan
conservation requirements.

Consistency with the Management Goal of the Phoenix Active Management Area
Tempe has demonstrated availability of sufficient non-groundwater supplies to
serve projected demand in the year 201 O.

Financial Capability
Tempe has demonstrated, through the 1997 CIP, the finances available for
necessary storage, treatment and distribution systems to meet it's projected 2010
demand.
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• •Appendix A
City of Tempe Designation Application

Water Source and Supply Review

•
# Source AFNear Treatment 0 tions Comments

Salt River 60,499 Papago Water Based on SRP estimates of on-project build-
Project Treatment Plant out demand. SRP water can only be used for
(SRP) Capacity: 56,007 aftyr on-project demand. Recharged SRP water

must be recovered monthly and used on
South Tempe Water project.
Treatment Plant
Capacity: 44,805 aftyr

2 New 4,200 Appropriative Right
Conservation # 33-96226
S ace Water

3 CAP 4,315 Facility Type=Underground Storage Facility Municipal & Municipal & industrial priority
Subcontract Recharge Site=GRUSP #71-516371 Industrial CAP

Adjusted Permit Capacity= 2,3502 aftyr Subcontract

4 Salt River 100
Expire=12/31/10

SRPMIC Water Indian priority
Pima Rights Settlement SRPMIC waives Indian sovereign rights
Maricopa Act of 1988 Beginning in 2000
Indian
Community
CAP

5 Roosevelt 4 AgricUlture Priority
Water Back-up amount deducted
Conservation As RWCD urbanizes, supply decreases-full
District urbanization assumed
(RWCD
Assignment
CAP

6 100 Colorado River Water Priority
Pre-1968 water right

7 Effluent 924 I<yrene Waste Water
Treatment Plant



35,201 acre-feet total credits accrued as of
12/31/95 spread over 100 years.

7.5 multiplied by 1994 total water usage,
s read over 100 ears

IR factor= 4.67% of previous year's demand
The range of IR begins with the IR amount for
1998 and held constant at 2010 demand.

Long Term Storage
Account #70
441123
Recovery Well
permit #'s
74-547332

Service Area
Right#56-002023

352

3,620

2,685 - Well head treatment
3,108

Existing
Long-Term
Storage
Credits

Groundwater
Allowance

10

9

8 Groundwater
Incidental
Recharge Available well capacity =

11-_-1-l::IR..;.L.. -1- -1 23,523 aflyr

Notes:

1. If the aggregate volume of storage permits exceed facility capacity, then the storage permit volumes are adjusted downward to reflect actual available
storage capacity.

2. Though the facility is permitted for 200,000 aflyr, for Assured Water Supply purposes the Department is utilizing 100,000 aflyr as the available facility
capacity. This figure is subject to change based on the results of ongoing monitoring of this project. An agreement between SRP and the storage permit
holders entitles the City of Tempe to 2.35% of the capacity of the facility.

• • •



• AP!diXB
City of Tempe Designation Application

Population and Demand Figures

•
..

•.. ··.·Off:.p~~jeCt:Year· bn,pr~jed'
. Pop~latiori .••......•.. PQpulation .

1998 142468 20700

1999 143100 21000

2000 143835 21200

2001 144167 21600

2002 144496 22000

2003 144826 22400

2004 145155 22800

2005 145485 23200

2006 145814 23600

2007 146138 23820

2008 146462 24040

2009 146785 24260

2010 147109 24480

50333 7158 11700 69191

51009 7238 11050 69297

51685 7318 10400 69403

52361 7398 9750 69509

53037 7478 9100 69614

53713 7558 8450 69720

54389 7638 7800 69826

55065 7718 7150 69932

55740 7798 6500 70038

56416 7877 5850 70144

57092 7957 5200 70250

57768 8037 4550 70356

58444 8117 3900 70462



Appendix C
City of Tempe Designation Application

Water Storage and Facility Permits

NMIDD

SRP

GRUSP

Groundwater 73-533659 1/1/22
Savings

Groundwater 73-533133.3 12/31/05
Savings

Underground 73-516371.7 12/31/10
Storage

85,000

25,000

7,000

CAP

CAP

CAP

Excess CAP only

Excess CAP only

Limited to 2,350 aflyr
M&I Allocation
SRPMIC Lease
RWCD Assir:lnm~nt

Kyrene WWTP Facility 73-551761 04/22/98 1,000 Effluent &
CAP

Tempe Recovery Wells 74-547332 none well-by-well CAP &
74-553413 limits not to Effluent

exceed
21 279 aflvr

Notes:

Pilot Permit

n/a

1. Though GRUSP is permitted for 200,000 aflyr, for Assured Water Supply purposes the Department is utilizing 100,000 aflyr as the available facility capacity.
This figure is subject to change based on current facility monitoring information. An agreement between SRP and the storage permit holders entitles the
City of Tempe to 2.35% of the capacity of the facility.

• • •
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Appendix D

City of Tempe Designation Application
Individual Incide,ntal Recharge Calculation

ARIZONA DEPARTMENT OF WATER RESOURCES
Phoenix Active Management Area

Policy Memorandum

SUBJECT: Incidental Recharge Factor for the City of Tempe - Town Lake

The purpose of this memo is to describe the policy of the Department of Water Resources (Department) for
calculating an individual incidental recharge factor ~or the Tempe Town LaKe.

BACKGROUND
The City of Tempe applied for a Designation of Assured Water Supply (AWS) on March 27, 1997. Tempe also
requested an individual incidental recharge volume for the proposed Town Lake. The individual incidental
recharge volume will allow Tempe to replace all or portions of water seepage losses from the lake without
debiting their groundwater allowance account established for the AWS Designation.

The Department established a standard incidental recharge factor of 4% for all Phoenix AMA providers.
Providers who felt that they had additional factors not considered by the Department in establishing the

•
standard factor are allowed to submit an application requesting an individual (or unique) adjustment.
Additionally, the Department established a policy for applying, and a methodology for calculating, the individual
incidental recharge factors for turf-related facilities.

The Tempe Town Lake will be regulated by the Department as a turf-related facility consistent with the
requirements in the Second Management Plan Industrial Program for the Phoenix Active Management Area.
A preliminary turf-related facility maximum annual turf allotment of 1,903 acre-feet per year has been
established. The preliminary allotment was calculated as follows based on the acreage of lake surface area,
water-intensive landscaped areas, and low water use landscaped areas supplied by the City of Tempe:

Lake Surface Area
Water Intensive Landscaped Areas
Low Water Use Landscaped Areas

224 Acres * 6.2 AF/AcreIYr =
63 Acres * 4.9 AF/AcreIYr =

137 Acres * 1.5 AF/AcreIYr =

1388 AFIYR
309 AFIYR
206 AFIYR

1903 AF/YR

Subsequent to being notified of the preliminary conservation requirements, Tempe requested an administrative
review of the turf-related facility conservation requirements pursuant to AR.S. § 45-575. Tempe requested
that the Department allow the use of interceptor wells located at the facility as a conservation technology in
place of a lake lining. Tempe has submitted a hydrologic study that illustrates during normal operation of the
facility, the interceptor well technology will capture approximately 99% of the water that seeps through the
bottom of the lake. Based on this study the conservation technology has been approved by the Department.

•



PROCEDURE

The Department will establish two incidental recharge accounts for the City of Tempe. The first account will be
applied to the entire Tempe service area, excluding the Town Lake. Consistent with the Department's policy
for applying the incidental recharge factor, Tempe will have the 4% standard factor plus an additional factoro.
0.67% for existing turf-related facilities served by the City of Tempe. The total incidental recharge factor for
the Tempe service area will be 4.67%.

The second account will be an individual incidental recharge account exclusively for the Town Lake system.
Incidental Recharge credits accumulated in,this lake specific account may only be used to replace seepage
losses from the lake system. The incidental recharge factor for the Town Lake will be calculated using a water
budget approach. Based on the acreage of water-intensive landscaping and its consumptive use, the lake
surface acreage and its evaporation, a consumptive use value for the Town Lake system will be calculated.
Any water that is supplied to the lake from outside the system or from the interceptor wells will be compared to
this value when determining the incidental recharge factor. The steps to calculate the individual incidental
recharge factor for the Town Lake are outlined below:

1)
2)

3)
4)

5)

6)
7)

Separately measure water delivered to the lake (ie: SRP water, groundwater pumped)
Measure the volume of water pumped annually from the "interceptor wells" and the total volume
"re-de.jvered" to the lake.
Separately measure deliveries from the lake to any landscaped areas at the facility.
Calculate the incidental recharge factor for the landscaped areas by subtracting the
consumptive use requirements for the water intensive landscaping (63 acres * 3.63 = 228.69
af/yr) from the annual deliveries to the landscaping1. Multiply the total by 50%, assuming that
only 50% is available for recharge, consistent with the Department's policy for calculating an
individual incidental recharge factor for turf-related facilities.
Calculate the incidental recharge for the lake as the volume of water delivered to the lake,
minus the volume of water delivered to any landscapable areas from the lake, minus the
evaporation for the lake and any other losses or output of water from the Town Lake, other than
seepage. •
Add the totals from #4 and #5.
Subtract the total amount of water pumped from the interceptor wells from the total in #6. If the
remainder is > 0, incidental recharge credits will be added to the Town Lake account for that
amount. If the remainder is < 0, then the incidental recharge factor for the calendar year is zero
and the difference will be considered mined groundwater. The City can debit any existing
incidental recharge credits in their account or report the mined groundwater as recovered water
pursuant to water stored or held by Tempe as credits in its long-term storage account.

(Signature on File)
Jim Holway, Assistant Director Date

•
1 For determining available incidental recharge, annual deliveries cannot exceed the maximum

annual turf allotment for the facility.
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City of Tempe
AWS - Supply and Demand

'::::;:;:::

1998 60,499 4,200 4,771

1999 60,499 4,200 4771

2000 60,499 4,200 4,771

2001 60,499 4,200 4,871

2002 60,499 4,200 4,871

2003 60,499 4,200 4,871

2004 60,499 4,200 4,871

2005 60,499 4,200 4,871

2006 60,499 4,200 4,871

2007 60,499 4,200 4,871

2008 60,499 4,200 4,871

2009 60,499 4,200 4,871

2010 60,499 4,200 4,871

924 3,620

924 3,620

92'4 3,620

924 3,620

924 3,620

924 3,620

924 3,620

924 3,620

924 3,620

924 3,620

924 3,620

924 3,620

924 3,620

';':'.:.':
:;:;:;:;:;:;:;:::::;

2,685

2,720

2,755

2,791

2,826

2,861

2,897

2,932

2,967

3,003

3,038

3,073

3,108

76,698 69,191

76,734 69,297

76,769 69,403

. 76,904 69,509

76';940 69,614

76,975 69,720

77,010 69,826

77,046 69,932

77,081 70,038

77,116 70,144

77,151 70,250

77,187 70,356

77,222 70,462

1. CAP Includes SUbcontract, Transfers, SRPMIC Lease, RWcD Assignment Water, Cliff Dam Replacement Water, Wellton-Mohawk Colorado River Water,
and accrued CAP long-term storage credits.
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• • •City Of Tempe Water Service Area - Assured Water Supply Designation
Estimated Annual Water Demand and Water Supply Availability at Build-Out or Full Development (after 2010)

70

80

1
(3,070 af/yr,) (700 <If/yr,)

Inc, Recharge lJ/G Stornge Cr.

Total Available Water Supply (Full Developmen-:.t) i,~~~tH{~,~Wt}r
\ .... ",/-...//., y,;~//,/~,. -:.
);:~"~~ ..j~~~~~~;;:>:) ::;::::_______________________ '-JJ,;...---------------_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_~~~+,;.;"'"'+__-_-_-_-_-+l_
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Project & Associated Development)
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all values in
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Attachment A

E&JSRP StoriXl and Developed Water. Normal Flow Rights

IIlICAP/Colorado Rivcr Walcr
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CExi~ting Long-Tcnn Underground Storage Credits'
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1
NARRATIVE DESCRIPTION OF

RECREATION FEATURES
The Rio Sa/ado Habitat Restoration Project, in the heart of the City of Phoenix,
provides a unique opportunity Jor resource-based recreation and environmental
education. The restoration of the dry Salt River bed will bring a riparian open space
feature to the downtown area spanning 5 miles and over 500 acres. A desert
riparian habitat in the center of an urban area is unlike any other resource within
the City, and like the Mountain Preserve will provide for unique recreational
opportunities to residents and out of town visitors alike.

Drawing on a valley population base of two million, it is estimated that visitation to
the Rio Salado project could top one half million annually. Primary use times for this
unique resource would coincide with the "visitor season" typically between October
and May when temperatures are moderate. Recognizing our diverse society, the Rio
Salado will have design components which reflect this ranging from areas for
adaptive or special needs to multi-lingual signage.

The goal of the recreation component is to provide opportunities for visitors of all
ages and from varied backgrounds to enjoy this unique resource while developing an
awareness, knowledge and understanding of desert riparian habitats and its
interrelatedness to the environment as a whole. Additionally, it is an opportunity to
share the role of the Rio Salado through the history of the Valley including pre
history. Visitors to this day use area will have the opportunity to participate in a
wide variety of recreation pursuits ranging from enjoying scenic views, picnicking
with the family, learning about the habitat or exploring the resource on foot, by
bicycle or horseback.

For planning purposes the recreation component has been divided into three primary
areas:
The Bank; The Terrace; and The Riverbed. Each of these areas provides a different
venue for recreational opportunities ranging from Active, Moderate and Passive
which coincide with learning opportunities allowing participants to learn; see; and
experience the resource first hand.

RIO SALADO HABITAT RESTORATION PROJECT - Recreation Component



The Bank provides experiences including hiking, biking, and horseback riding to
scenic overlooks and leisure walking, in a restored desert riparian habitat.

The Terrace is the area where the habitat has the most direct access to a permanent
water source to create a self sustaining eco system. This area will create a balance
between trails and interpretive experiences for man and preservation of native
desert fauna and flora in their own habitat.

The Riverbed represents an area unaltered by man, and will change in response to
seasonal flows and flooding. People will enter this zone on its terms, and it will
contain few manmade features allowing one to observe the natural forces of land
and water which define and shape desert rivers.

The Bank Experience

•

The Rio Salado experience will vary for users, ranging from individuals who may just
enjoy the scenic vistas as they travel through the area, to families who may plan for
a day visit to the resource. Typically visitors to the Rio Salado will be able to arrive
by private vehicle, or alternate mode of transportation including public transit or
bicycle. Users would enter at one of three primary access points along The Bank at
7th Avenue, Central Avenue or 16th Street. Each access point will provide
appropriate signage and an orientation kiosk or visitor centers which will give
visitors an overview of the myriad of activities and experiences available at the Rio
Salado. Additionally, it will orient users to the sensitivity of the area and appropriate
uses and expectations. Amenities at each access point will vary, but may include; •
parking, restroom facilities, water fountains, shade structures, site furniture and
appropriate lighting. All improved facilities will be designed to provide accessibility
to all members of the community.

Opportunities available at The Bank will include:

Trails:
Multi-use trails will allow visitors to explore the Rio Salado Bank on foot, horseback,
bicycle, or roller blades. Exercise or Par courses can be included. The hard pack
service/access road, will accommodate a variety of cycling activities allowing for
travel along the entire project. Natural surface trails will traverse the bank leading
foot traffic, horseback and mountain bicycles to scenic overlooks, or loops
throughout the area. Additionally, an accessible trail will be provided for users with
limited mobility. Interpretive trails will allow for self-guided tours of the area.

Scenic Overlooks:
Accessible locations along the roadways or by trail will allow for family picnicking,
informal play and scenic vistas of the entire project. More secluded areas will
provide for informal seating.

Interpretive Opportunities:
Kiosks, signed trails, and multimedia displays will give visitors information regarding
the resource including the restoration of the habitat, the hydro cycle, a historical
perspective of the Salt River and flora and fauna within the project area. •
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Outdoor Classrooms:
Areas will be designed for groups and classes of 50 to 75 to gather and prepare for
a learning experiences at the Rio Salado.

The Terrace Experience
The Terrace will provide for more moderate recreation including interpretive trails,
outdoor classrooms and study areas. The Terrace will be accessible by trail from
select locations along The Bank. At each transition point to The Terrace,
appropriate signage will inform visitors of the new habitat they are entering, and any
user restrictions and expectations. Due to the sensitive nature of The Terrace, no
pets or bicycles will be allowed. The Terrace will provide opportunities for
environmental education and developing an understanding of how the habitat has
been restored. Some areas of The Terrace will be designated as "sensitive" habitat,

and may be protected from public impacts.

Opportunities available at The Terrace will include:

Trails:
Trails will transition visitors from The Bank to the more sensitive Terrace Habitat
and will be available for hikers and horseback rides. An accessible interpretive trail
will be provided for visitors with limited mobility along with signage regarding the
Habitat Restoration Project.

Scenic Overlooks:
Locations along The Terrace will allow for family picnicking, interpretive
opportunities and provide scenic vistas of the river bed below. More secluded areas
will provide for informal seating.

Habitat Views:
Special areas will provide wildlife blinds allowing visitors an opportunity to observe
wildlife in their natural habitat. Signage about the particular Habitat will be provided.

The Terrace will provide visitors insight into the inner workings of a habitat
restoration project and its role in balancing the fragile ecosystem. Special
"wetlands" walks, or trails to ponding areas featuring aquatic vegetation will be
provided.

Study Areas:
These unique areas will allow opportunities for educational institutions to conduct
long range or one day study of the unique workings of the Rio Salado including
water conservation, riparian areas and habitat restoration as well as vegetation and
wildlife.

Birding:
These unique areas will allow opportunities for novice and experienced birders to
view and learn about the variety of water foul, birds of prey, migratory and song
birds that will find sanctuary within the Rio Salado habitat.
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Urban Fishing: •
Ponds providing habitat for fish will allow anglers opportunities to fish in an urban
setting.

Outdoor Classrooms:
Areas will be designed for groups and classes of 50 to 75 to gather and prepare for
a learning experiences at the Rio Salado.

The Riverbed Experience

The Riverbed is the true sensitive habitat of the Rio Salado, and will provide visitors
unique opportunities to view, enjoy and experience a restored desert riparian habitat.
This area allows one to explore an unaltered riparian zone supported only by limited
stream flows and surface runoff. Some areas within The Riverbed will be
designated as sanctuary or conservation areas, restricted to public use, allowing for
the protection of biologically sensitive animals and plant life. No pets and limited
mechanized means of travel will be allowed in The Riverbed. Natural surface trails
will lead visitors to The Riverbed from The Terrace, and allow for a crossing of the
stream bed expanding opportunities to loop and explore the river habitat. Visitors to
the area will leave with a heightened awareness of the fragile relationship between
water availability and habitat in the desert.

•

•
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2
EXPECTED FUTURE VISITATION

Annual Visitation

The Rio Salado Recreation Component is designed to provide for high quality
experiences in a unique riparian area. Overall capacity of the parking facilities will
be designed for not more than 250 vehicles. Based on historical data maintained by
the City of Phoenix for resource based recreational sites, it is estimated that 2.75
visitors arrive in each vehicle. Additionally, it is estimated that .25 visitors arrive to
the site by an alternate mode of transportation including bicycle, foot traffic and
public transportation.

In the Valley of the Sun, visitation to recreational sites coincides with temperature.
Phoenix is sunny, experiencing 7.5 inches of annual rainfall. Visitation is looked at
in two seasons: WINTER - October through May; and SUMMER - June through
September. The WINTER months in the Valley have maximum average temperatures
of 87 degrees. Visitors from around the world come to Phoenix during this time, as
well as numerous "winter residents". Summer months bring hot sunny days, and
occasional afternoon thunderstorms. Temperatures average 102 degrees, making
the early mornings and evenings the best time for recreational pursuits.

Anticipated visitation at the Rio Salado is based on use projections during PRIME
TIME and NON-PRIME TIME throughout the year. PRIME TIME consists of high
visitation days, and includes weekends and holidays. NON-PRIME TIME are
weekdays. The unique design of the resource, balances recreational experiences
and preservation. A visit to Rio Salado is expended to span 3 hours at the resource,
although many visits will be longer, and some much shorter. Turnover refers to the
number of times it is anticipated a parking space will be filled daily.

Below is a breakdown of anticipated visitation during WINTER and SUMMER for
both PRIME TIME and NON-PRIME TIME.
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WINTER 79% of annual use

PRIME TIME 70 days 3 turnovers
NON-PRIME TIME 170 days 2 turnovers

SUMMER 21 % of annual use

PRIME TIME 28 days 2 turnovers
NON-PRIME TIME 92 days 1 turnover

412,500 visitors

157,500 visitors
255,000 visitors

111,000 visitors

42,000 visitors
69,000 visitors

•

TOTAL ANNUAL VISITATION 523,500

Future Visitation Growth
As the valley population grows, and the Rio Salado matures, visitation to the
resource is anticipated to increase. It is anticipated that WINTER PRIME TIME
visitation will be at facility capacity. The growth during this time will be with those
visiting the resource through alternative means such as improved trail linkages.
Growth in this time period will increase by 5 % over 20 years, for a total increase of
20,625 visitors.

The greatest increase in growth over time will be during the four summer months.
The City of Phoenix has documented changes in user patterns during the summer •
months with other resource based facilities. As trees mature providing more shade
and facilities are at capacity during WINTER PRIME TIME, visitors will seek
alternative times to enjoy the Rio Salado. It is anticipated that visitation during the
summer will increase by 72% over 20 years for a total increase of 80,500 visitors.

Overall visitation increase for the resource over 20 years is projected to be
approximately 100,000.

'.
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POINT VALUE ASSESSIVIENT

Point Value EstillJates

(A) RECREATION EXPERIENCE
Total possible points: 30 scored points: 29

•
Numerous high quality value activities to include: habitat restoration; riparian
resource areas; water conservation areas; flora and fauna sanctuary and
conservation areas; study areas; urban fishing opportunities; outdoor classroom;
birding; interpretive opportunities and scenic overlooks.

Some general activities to include: hiking; horseback riding; cycling; fishing and
picnicking.

-(B) AVAILABILITY OF OPPORTUNITY
Total possible points: 18 scored points: 16

None within one hour travel time: the nearest water based recreation sites with
a natural riparian habitat are located well over an hour and a half away, which
are the Salt River Recreation Area and Verde River Recreation Area in the Tonto
National Forest, northeast of the valley.

(C) CARRYING CAPACITY
Total possible points: 14 scored points: 14

•
7

Ultimate facilities to achieve intent of selected alternative. Areas within the Rio
Salado are designed and managed to provide for recreational experiences while
preserving the resource .
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(D) ACCESSIBILITY
Total possible points: 18 scored points: 18 •Good access, high standard road to site; good access within site. The Rio Salado

is located within a metropolitan area with access to the interstate highway
system, major public transportation routes, major traffic thoroughfares, and
neighborhood and trail linkages.

(EI ENVIRONMENTAL
Total possible points: 20 scored points: 17

High esthetic quality to include: geology; hydrology of project; topography;
water resources; vegetation; and wildlife. Efforts are currently being made by
local and federal governments to mitigate any existing negative factors of urban
blight. Most notable of this is the federal governments distinction of the
surrounding area being designated an Empowerment Zone / Economic
Community.

A panel of Phoenix Parks, Recreation and Library Department employees from a
variety of recreation, design, and resource management backgrounds reviewed and
scored the factor justification utilizing Table 6-29 to determine point values for the
Rio Salado Recreation Component:

TOTAL POSSIBLE POINTS: 100

AssessnJenl Panel MenJbers

TOTAL SCORED POINTS: 94

•

8

Rene Vera Recreation Supervisor

Sarah Hall Park Manager

Walt Kinsler Landscape Architect II

Veronica Zendejas Recreation Coordinator II

Randy Singh Park Manager
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4
TRANSFERS OF RECREATION

FROM OTHER SITES

Narrative
It is estimated that the Rio Salado will have little to no impact on visitation at other
resource based facilities in the area, resulting in minimal "transfer".

The Rio Salado will provide a unique riparian area unlike any other resource in the
metropolitan area. This fact, coupled with the ever growing demand for resource
based recreation sites makes "transfer of use" minimal. Existing resource based
sites have a primary use of hikers and mountain bikers seeking varied trails with
significant elevation gains of 500 to 1,000 feet. This is not available at Rio Salado.

Within a 25 mile radius of Rio Salado, it is envisioned that the use groups which
may transfer from other sites include:

educational field trips
bird watchers
passive nature watchers
canal joggers
recreational cyclists

These groups account for approximately 5 % or 250,000 of the total annual
visitation at an existing resource based facility with visitation of approximately one
million. Five percent will account for an approximate transfer of 12,500 visitors.
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PRELIMINARY COST ESTIMATES

AttachnJent

•

•
10 RIO SALADO HABITAT RESTORATION PROJECT - Recreation Component



• Preliminary Cost Estimates

Cost-Shared Recreation Plan - Phoenix Reach

•

•

I Description I Quantity I Unit Cost I Total I
Parking Lots:

A 130 spaces $IOOO/space $130,000
B 60 spaces $IOOO/space $60,000
C 60 spaces $1 DOD/space $60,000

Information Kiosk:
Large 3 $15,000/each $45,000

Visitor Center / Interpretive Center SquareFeet
Restrooms/Mech. Room 1,500 $220,000' $220,000
Computer Room 1,000 192,5002

Interpretive Displays 1,000 55,0003

Entrance Area 500 27,500)'
Admin Office 1,000 55,0003

Overlooks with railing:
Large (1225 sf.) 2 $20,000/each $40,000
Medium (625 sf.) 5 $IO,OOO/each $50,000
Small (225 sf.) 9 $5,000/each $45,000

Shade Structures:
Large 3 $60,000/each $180,000
Medium 5 $30,000/each $150,000
Small 9 $IO,OOO/each $90,000

Bridges:
Large (50' span) 2 $50,000/each $100,000
Medium (30' span) 2 $30,000/each $60,000
Small (15' span) 5 $15,000/each $75,000

Restroom Facility 2 $150,000/each $300,000

Trails:
Paved Interpretive 84,480 sf $3.00/sf $253,440
Stabilized D.G. 126,730 sf $0.90/sf $114,050
Graded Earth 464,640 sf $0. 1O/sf $46,500
Ramps 35,000 sf $2.50/sf $87,500

ICost Shared Recreation Feature

2Primary Restoration Project Purpose & Cost Feature

3100% Non-Federal Cost
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I Description I Quantity I Unit Cost I Total I
Retaining Walls:

c.I.P 2,000 If $1501If $300,000
Gabions 2,000 If $801If $160,000
Boulders 4,000 If $50/lf $200,000

Staging Areas:
Large Formal (30-70 people) I $75,000/each $75,000

Interpretive Signage / Displays 250 $300/each $75,000

Landscape Material: .
Willow

36" box 50 $800/each $40,000
24" box 110 $200/each $22,000
15 gallon 250 $70/each $17,500
5 gallon 400 $30/each $12,000

Landscape Material:
Mesquite

36" box 50 $800/each $40,000
24" box 110 $200/each $22,000
15 gallon 250 $70/each $17,500
5 gallon 400 $30/each $12,000

Landscape Material:
Riparian Seed Mix 100,000 sf $O.lO/sf $10,000

Irrigation System LS $110,000

Drinking Fountains 10 $5,000/each $50,000

Benches
Custom 60 $1,500/each $90,000
Recycled 100 $800/each $80,000

Electrical:
Service LS $75,000
Area Lights 10 $4,000/each $40,000

Subtotal $3,554,490

Contingency (20%) $710,898

Planning, Engineering, and Design (7%) $298,577

Supervision and Administration (6.5%) $296,658

Total $4,860,623

•

•

•
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• OPERATION AND MAINTENANCE

The development of the Rio Salado Habitat Restoration Project is anticipated to take

approximately 4 years. Once construction is complete, and the resource is open for public

day use, Operation and Maintenance will begin. The projected Operation and Maintenance

costs for the Rio Salado Recreation Component are estimated to be 1.5 million annually.

This breaks down to an cost off approximately $2,727 per acre for the 650 acre site. This

cost should remain constant except for annual inflation.

The Rio Salado will be B day use area open 365 days a year. Daily operation and

maintenance will be consistent with the generally approved standards for the City of

Phoenix Parks, Recreation and Library Department which includes a preventative

maintenance program.

A further breakdown of the projected cost is shown below.

Personnel $1,069,000.

• Daily operation including litter control, tree and shrub maintenance, irrigation system

operation and maintenance, trail maintenance and repair, trash receptacle emptying and

maintenance, erosion control, sign maintenance, safety inspections, site and visitor

securitY, restroom cleaning, interpretive programming.

. I

. i

I

.Commodities

Equipment and supplies for daily operations

$ 171,000.

Contractual $ 260,000.

Refuse collection, water, sewer, fleet maintenance, electrical and mechanical.

Annulli MaIntenance Cost

FIrst Time Cost

Furniture, fixtures, vehicles, radios

• First Year and Annu~1 Maintenance Cost

$1,600,000

$ 500,000

$2,000,000

;

! r
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Rio Salado Restoration Project - Tempe Arizona
Preliminary Recreation Plan

• Intrnduc1ioo
The vision for the Tempe Rio Salado originated at Arizona State University nearly 30 years ago.
Once the dream of the many citizens, the project is ready to move forward and turn the dream into
reality. The Rio Salado Project will provide a recreational and corrnnercial experience while re
capturing the historical character of the Salt River. The restoration of the river will bring water
based open space back to the City of Tempe. Ultimately there will be a transformation into a
desert oasis featuring a multitude of public recreational opportunities integrated with commercial
and residential projects.

A primary component will include the Rio Salado Habitat Restoration Project. In the heart of
metropolitan Phoenix, this project will provide a unique opportunity for recreation and
environmental education. The project proposes to re-establish a desert riparian habitat, providing a
unique resource and a regional attraction for the entire metropolitan Phoenix area. Situated in the
heart of downtown Tempe, the project will benefit from the current popularity of the area as well
as the proposed future growth associated with the Rio Salado project. Surrounding east valley
conmumities and out-of-town visitors have easy access to this recreational attraction.

•

•

Currently, the US Army COIPS of Engineers is conducting a feasibility study for the Salt River
Restoration Project and will be responsible for planning and designing the Project features. As
part of the City of Tempe's in-kind services to be provided to the Corps, various design ideas and
clarifications are being prepared through reports such as this one. This report will describe the
restoration and recreation elements proposed for the Project areas upstream and downstream of the
Tempe Town Lake. The restoration portion is included to justify some of the recreational
elements. The methods used to assess recreational effects complies with the National Economic
Development (NED) benefit calculation procedures outlined in Engineer Regulation (ER) 1105-2
100 (U.S. Army Corps of Engineers, 1990), specifically those described in Chapter 6, Section VIII
- NED Benefit Evaluation Procedure: Recreation. The assessment will include and estimation for
visitor use days for a fifty year period, 1998 - 2048.

IIp.s.tream Recreation Plan

This portion of the Project is separated into two units called the Indian Bend Wash Unit and the
Upstream Salt River Unit. These areas are defined by separate inflow channels into the Project
which merge at the confluence of the wash and river to form the upstream limits of the Town
Lake. Generally, Indian Bend Wash carries storm flows for a local watershed, encompassing the
City of Scottsdale and Maricopa County areas farther north. The Salt River is part of a State-wide
system that conveys run-off from central Arizona to the Gulf of California and the Pacific Ocean.
Because of the different watersheds with which these units are associated, they have different flow
characteristics.
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Rio Salado Restoration Project - Tempe Arizona
Preliminary Recreation Plan

Indian Bend Wash (IBW) Unit

The IBW Unit is subdivided by physiographic differences within its length. North of Cuny Road,
a low flow channel (approximately 150' wide) bisects the private Rio Salado Golf Course. The
course layout is oriented in a north/south arrangement on either side of the low-flow channel
between Cuny Road and McKellips Road The channel was established in this location in the
1970's, and stonn flows onto the course are rare. No fonnal attempts have been made to re
vegetate the channel; vegetation has established naturally. The existing vegetation is sparse and of
poor quality. Invasive exotics and opportwristic species are found in this reach of the channel.

The proposed restoration activities in this reach include the planting of mesquite trees along the
transition area between the golf course and the channel. The trees will be placed to take
advantage of the runoff from daily watering at the course which naturally flows toward the
channel. In order to improve the poor quality of habitat in the area, the plan introduces tree species
which previously existed along the IBW. Within the channel bottom, wetland/marsh habitat will
be constructed to provide a high quality habitat. It is anticipated that water fowl such as ducks,
herons and terrestrial animals will benefit from the wetland habitat establishment.

•

The City does not wish to encourage recreational use in the low-flow channel, due to the existing
golf course, therefore, no activities are proposed in this portion of the project area. Restoration of
the existing channel for habitat enhancements the only intended use of the wash. However,
citizens will benefit from the occasional animal sightings and bird watching opportunities which •
are not currently available.

South of Cuny Road, the existing landscape is composed of bare earth with negligible habitat
value. Remnants of a fonner City of Tempe park (including sections of concrete sidewalk, turf
and security lighting) exist within 300 feet south of Cuny Road. Between the park renmants and
the Indian Bend Drop Structure to the south, the landscape is mostly barren, with little vegetative
cover. The low flow channel in this reach becomes indistinguishable as it approaches the Indian
Bend Drop Structure.

The proposed restoration treatment calls for the establishment of mesquite groves along the low
flow channel to replicate historic conditions along the IBW. Stonn flows in this section fan out
over the terraces and cover almost all portions of the channel: turf, irrigated with an automatic
system, is proposed to provide erosion control and open space park. Wetland/marsh habitat is
recorrnnended within the limits of the low flow channel and will provide supplemental wildlife
values in the IBW. The wetlands will be constructed using organic compounds mixed with in-situ
soil to create the reservoir lining. A unique feature of this restoration activity is the installation of
a diverter pipe system from the IBW wetland/marsh habitat to the Salt River restoration area. This
pipe will allow water levels in the IBW wetland to be controlled and maintained without damage
to the installed improvements.
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Rio Salado Restoration Project - Tempe Arizona
Preliminary Recreation Plan

South of Curry Road, recreation elements such as multi-use trails with wayfinding signage,
ramadas, interpretive/environmental education features, a comfort station, picnic tables, grassed
open space and a parking lot. The multi-use trails are the primary access for security patrols, the
Flood Control District and maintenance of the restoration project. The trails will serve as a
circumnavigational pedestrian routes around the Town Lake and will connect to regional and inter
City recreation trail networks. The trail's placement has been located to provide the greatest
opportunities for exploration of the Project features. All trails will be accessible to limited
mobility individuals, as pennitted by grades and access. While the trails will service the many
visitors to the corrnnercial businesses planned on the south bank of the Town Lake, they will also
serve as ¢roughways for recreationalists wanting to traverse the developed Salt River from Mesa
to Phoenix. At appropriate locations along the trails, wayfinding signage is proposed to inform the
users of directional information and additional recreational opportunities on each trail. A sign
package is being developed for the entire reach of the City of Tempe Rio Salado project.

Environmental education features and displays are proposed along each of the two major north
south trails along the IBW. These features will provide interpretive infonnation and displays about
the benefits of recreation development in the reach, the relationship of the Tempe IBW to
recreation development within the City of Scottsdale, restoration activities associated with the
Tempe IBW reach, and the purpose and techniques for control of storm flows in the Tempe IBW.

Near the intersection of Curry and Miller Roads, a small parking lot of 55 cars is proposed. This
is the only City of Tempe lot dedicated for recreation users of the IBWffown Lake because of the
predominance of commercial use of land around the Lake. It is anticipated that recreationalists
will use the IBW lot in association with the nearby amenities for picnicking, wildlife viewing,
hiking, and general recreation.

Upstream Salt River Unit

The native habitat of the Salt River has been lost due to flood control management and irrigation
demand for runoff water impounded at upstream dams. In addition, channelization of the Salt
River in 1992 eliminated remaining vegetation within the area. What exists within the river
bottom at this time is a combination of self-established exotic and native species. The primary
vegetation is thin grasses. Minor vegetation is associated with municipal drainage outfalls entering
the river. The habitat values of the area are negligible.

The proposed restoration will entail seeding native grasses and desert scrub species over the
majority of the river bottom This desert scrub will provide erosion protection and will offer
wildlife enhanced foraging and cover opportunities. The introduced species are anticipated to
thrive near the municipal outfalls. Wetland/marsh habitat types are proposed for a section of the
river bottom adjacent to the upstream darn of the Town Lake. This habitat will be supplied by
stream flows in the Salt River and diversions from the IBW and from municipal outfalls. The
habitat can be dewatered (to control the amount of water) through a by pass system around the
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Preliminary Recreation Plan

Lake (south bank). The wetlands will be constructed using organic compounds mixed with in-situ
soil to create the reservoir lining. Aquatic organisms will flourish in the warm temperatW'"e of the •
wetlands. Fish will not be introduced into the wetlands, it is expected that opportunists will
occasionally deposit native and exotic species into the system.

Adjacent to the wetlands/marsh habitat, Cottonwood/willow and other aquatic-dependent species
will be installed. A 15-25 foot wide strip of habitat will replicate the native riparian habitat lost
over the last 50 years due to degradation of the river system. TheCottonwood/willow
environment is a valued habitat in the Sonoran Desert, providing cover, nesting and foraging
locations for mnnerous species. Moving away from the Cottonwood/willow habitat, an Aquatic
Strand of vegetation is proposed to transition from the water dependent species to the desert scrub
vegetation covering the river bottom Within this vegetative type, the density of plants will be
reduced from the Cottonwood/willow densities, but they will be higher in numbers than the desert
scrub. The width of the strand will vary from 10-35 feet.

Within this unit, recreation elements will consist primarily of multi-use maintenance path with
wayfinding signage, environmental education features, and an grassed, outdoor seating area. The
irrigated tlnf seating area will overlook the confluence of the IBW and the Salt River. From this
site, recreationalists will have scenic viewing opportunities of a lake unequaled in the City of
Tempe and the Phoenix Metropolitan area. Views over the Town Lake and the Upstream
DarnlRestoration Area will also be afforded to visitors of this location. Much of the dry river
bottom will be restored under the proposed project; visitors will be able to view the restoration
process first-hand. Additionally, opportunities for wildlife viewing will greatly increase because of •
the restoration project. Environmental education displays are proposed at the confluence and
seating area, on both sides of the channel upstream of the Dam and on both sides of the channel
near the existing grade control structure.

Downstream Recreation Plan

The downstream area currently contains native grasses like the upstream area plus numerous Salt
Cedar (Tamarisk sp.) less than 10 feet high scattered over the river bottom The emerging trees
are rapidly establishing in this environment (covering approximately 30% of the river bottom) and
will dominate the habitat within a few years.

Restoration of the downstream Salt River area is very similar to the restoration of the upstream
area of the Salt River. In fact, the concepts and proposed habitat types are exactly the same.
However, Salt Cedar will be removed from the river bottom as necessary to promote higher
quality habitat. All proposed wetland/marsh habitat is located outside the 10,000 foot FAA
restricted zone.
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Rio Salado Restoration Project - Tempe Arizona
Preliminary Recreation Plan

• The primary purpose of the proposed recreation facilities at this location is to complete the trail
system, to provide opportlmities for scenic viewing of the downstream restoration area and to
provide a location for passive activities such as picnicking and bird watching. As with the
upstream trail system, the downstream trail system will be the primary access for security patrols,
the Flood Control District and for maintenance of the restoration project. No recreation activities
are anticipated within the Salt River channel.

The most dramatic feature of this area will be the pedestrian bridge over the downstream dam of
the Town Lake; the capacity to construct this feature has already been built into the Dam design.
From the unique vantagew point over the Dam, pedestrians will have an opportlmity to view
downstreamover the wetland marsh habitats to be constructed with this Project. By keeping a
majority of the visitors up and out of the restoration area the bridge and paths will help preserve
the integrity of the habitat while allowing people to view the project and wildlife.

A vegetated strand of mesquites along the south bank will provide shade for recreationalists;
encouraging picnicking and bird watching. To support scenic viewing and bird watching, a trail
will be constructed on the top of the south bank levee. The trail will offer unrestricted views of
the restoration area and the mesquite habitat while providing a variety of experiences not found on
other proposed recreation features. The mesquite strand will separate the walkers on this trail

. from interference from bickers and joggers using the multi-use trail. Two ramadas and a comfort
station will be provided for all recreationalists' use.

• Wayfinding signage will be installed at appropriate locations along the trails. Environmen~l
education displays are proposed at each of the ramadas.

The above narrative describing the recreation component of the restoration plan represents a
locally preferred plan. In an attemp to conform to Corps Policy guidance Letter No. 36, the
following is an estimate of the Visitation, Visitation Transfers, Unit Day Values, and cost of the
10% recreation plan. The features of the 10% plan are a scaled down version of the above
described plan and include a 55 space parking lot, five rarnadas, one comfort station, one foot
bridge, picnic tables drinking fountains, interpretive signs and educational displays. The
maintenance paths, that will be installed as part of the restoration project, will also be used as the
multi modal paths. They are described in the narrative above and used in the following
evaluations, but not included in the cost estimates.

•

Recreation Activity Estimat~
A Design Day-Load is used to estimate the capacity and annual visitation for a site. As the
habitat areas are sub-elements of a larger recreation development project, those who will actually
use the recreational amenities of the habitat are a sub-element of the larger recreation project
visitation. The larger Rio Salado Project as a whole is classified as a regional destination park
using the classification system developed by NRPA (Recreation, Park and Open Space Standards
and Guidelines, 1987)
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The majority of recreational activity will be realized by those living within the prescribed one hour •
driving time as identified by NRPA for criteria for detennining impact and use for a regional park
For the purposes of this study, the population for the Phoenix MSA will be used as the base
population within the one hour driving time radius. The base population for the Phoenix-Mesa
MSA for 1995 was reported at 2,563,582.

The habitat areas are capable of being accessed via several modes of transportation. As downtown
Tempe has become a major destination for many in the metropolitan Phoenix area, it is expected
that the Rio Salado area and the habitats in particular will become attractive destinations as well.
Available parking, convenient access, and many other factors will effect carrying capacities of the
habitat areas.

For the local population from the Phoenix MSA, it is estimated that the primary mode of
conveyance to access the habitats will be personal vehicle. Access to the habitats can be made
from pay and free public parking areas in and around downtown Tempe. However, these parking
spaces must be shared with other customers who use the parking amenities to attend classes at
ASU, employees in the downtown, etc. Currently, there are over 17,000 parking spaces either
currently available in proposed within walking distance of access points of the habitat trails. For
this report, it will be assumed that 2.5%, or 425 spaces will be available for recreational users
during peak season. Peak recreational season is from October through May (non-peak June
through September). During peak season, use is expected to be higher on weekends than
weekdays, although weekday usage should remain high with the proximity to the university and
schools. During non-peak season, usage is expected to be minimal due to the physical constraints
of the weather.

Of the 425 spaces it will be assumed that they have a turn over of three times daily, with three
passengers per vehicle. Using these assumptions, it is estimated that the peak design day-load is
3,825 visits. It is estimated that there will be 64 days of 100% capacity, primarily on weekends,
.160 days of 25% capacity, weekdays during peak season, and 60 days of non-peak season at 15%
usage, summer months June and September and 61 days at 5% usage, July and August. It is also
estimated that 20 days out of the year there will be little to no capasity due to rain, extreem heat,
flows in the river... During non-peak, day and weekend use is not anticipated to vary do to
temperature extremes.

From vehicular traffic it is estimated that day load capabilities of the site will be 443,892. In
addition to the vehicular traffic it is anticipated a high level of pedestrian and bicycle access to the
site due to the proximity of residents, businesses and the university. Using demographic data from
the area, population within walking distance of the habitats is 12,578. It is assumed that each
resident will make at least one trip a month to or through the habitat area for an additional
150,864 visits. Total visits from vehicular and non-vehicular are estimated to be 594,756.

In the Rio Salado development area, there will be an addition of hotels and conference centers.
These developments are destination oriented in themselves, however, it is anticipated that a
percentage of the destination population will use the habitats for the recreational experience.
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These users are predominately travelers and are addressed separately from the local MSA
population.

Estimates indicate that these areas will generate in excess of 15,000 visits daily regardless of time
of year. Although Phoenix in general has a higher room occupancy rate from January-April, it is
estimated that Tempe's occupancy rate should remain relatively even throughout the year. For the
purposes of Design Day-Load from the tourist component it is estimated 5% or 273,750 visits can
be anticipated annually.

Total visitation to the habitat area is expected to be approximately 868,506 annually.

The City of Tempe has experienced a, 1.4% population growth over the past 5 years. At the same
time, the MSA has experienced a 2.7% annual growth rate. It is anticipated that the grO\vth rate
for Tempe will slow as Tempe reaches build out. As a majority of the visitation will come from
Tempe residents and tourists staying in Tempe, a conservative growth rate of 0.4% per annum will
be used to predict increased visitation over the next 50 years.

Table 1 - Fifty year Visitation Projection
using 0.4% annual visitation increase

•

•

868,506 - Year 1
871,980
875,468
878,970
882,486
886,016
889,560
893,118
896,690
900,277
903,878
907,494
911,124
914,768
918,427
922,101
925,789

929,493- Year 18
933,211
936,943
940,691
944,454
948,232
952,025
955,833·
959,656
963,495
967,34~ .
971,218
975,103
979,003
982,919
986,851
990,799
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994,762 - Year 35
998,741
1,002,736
1,006,747
1,010~774

1,014,817
1,018,876
1,022,952
1,027,043
1,031,151
1,035,276
1,039,417
1,043,575
1,047,749
1,051,940
1,056,148 - Year 50
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VisitatiQn Transfers ID...New Si~

As Tempe has only one regional park within it's current park system, it is anticipated that minimal
transfers of visitation from other parks will be experienced within Tempe. Overall usage of
neighborhood parks should remain stable. Larger parks within the park system should expect a
10% or greater transfer of visitation to the Rio Salado area for a total of approximately 750,000
user visits annually. Using the same 10% figure with Rio Salado for Habitat visitation, it is
expected that 75,000 visits will be transferred to from local parks to the habitat.

As a majority of park usage is by local resident and destination visits, it is anticipated that
minimal transfer visits will occur from other jurisdictions. Agencies that develop similar facilities
as those being proposed by Tempe, should receive the smallest transfer in visitation. Ctnnulative
estimated visitation transfers are as follows:

•

1-5 Mile radius of project area - 10%, approximately 15,000 visits lost annually from
other parks

6-10 Mile radius of project area - 5-7% approximately 28,000 visits lost annually from
other parks

10-20 Mile radius of project area - 3-5% approximately 33,000 visits lost annually from
other parks

20+ Mile radius or project area - 0-3% approximately 65,000 visits lost annually from
other parks •

Estimated Economic Value of Recreational Activity

Total point value estimated as follows:

Recreation Experience 27 points
Habitat restoration provides mesquite bosque and riparian resource areas for outdoor
classrooms; flora and fauna sanctuary and conservation; water conservation; bird
watching; plant identification and education; inteI])retive opportunities; scenic
overlooks; jogging; hiking; horseback riding; cycling; picnicking; photography.

Availability 14 points
The nearest natural riparian habitat is over an hour away; the Salt River Recreation
Area and the Verde River Recreation Area in the Tonto National Forest. As the valley
continues to grow, the availability of such natural resources will become even more
critical.
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•

•

Canying Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 points
In an effort to minimize impact on the natural habitat, this project utilizes a shared
facility concept. The proximity of these habitat to adjacent public uses enables shared
restroom and respite facilities for public health and safety. The implementation of
multi-use trails for both recreational use, maintenance and security reduces trail impact
to habitat. Utilize ramada and natural shade canopies in key viewing areas to provide
interpretive signage and educational elements. This plan would be designed and
managed to provide a high quality recreational experience within a protected natural
environment by enhancing and p~eserving the resources.

Accessibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 points
This project is ideally situated in a metropolitan area accessible to over five cities. It
has excellent access to the freeway and public transit systems. This site has easy
access for bikes, pedestrians, automobiles, and buses; opening the experience to low
income and minority groups who might otherwise not have this opportunity. Large
groups from the local university, highschools and elementary schools have easy access.
This project is closer to more neighborhoods than any other existing or proposed
riparian habitat. People with physical challenges will have access to this unique
natural environment.

Environmental 17 points
This plan provides a unique opportunity to experience the natural riparian and bosque
environments in an ideal location. Historical and cultural references surround the
sites, referencing the interaction of man and nature from as early as the Hohokams in
400 ad. The educational and recreational components of the plan and the location
work with surrounding land features addressing the importance of plants, animals,
minerals and water in the desert. Significant natural aesthetic elements include views
of Papago and Hayden Buttes and slUTounding mountains and access to diverse plant
material. There are no industrial businesses, sand & gravel mining, operating landfills

- or other conflicting land uses near this project. The freeway system has been enhanced
through this area to blend with natural elements. Adjacent public park areas will
provide natural transition from habitat to the built community. Existing geology,
topography, and water resources will be enhanced by the addition of vegetation and
wildlife.

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 points
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Cost Estimates

PROPOSED COST-SHARED RECREATION FEATURES

•

Description Quantity Units Unit Cost Total

Mobilization 1 LS $5,000.00 $5,000.00

Parking Lot 55 Cars $1,500.00 $82,500.00

Ramada's 5 EA $25,000.00 $125,000.00

Comfort Station 1 EA $125,000.00 $125,000.00

Miscellaneous (railings,

Metals, Walls) 1 LS $70,000.00 $70,000.00

Foot Bridge 1 EA $35,000.00 $35,000.00

Misc. (Drinking Fountains,
Picnic Tables, etc.) 1 LS $45,000.00 $45,000.00

Interpretive Signs 12 EA $600.00 $7,200.00
Environmental Education •Displays 9 EA $750.00 $6,750.00

Sub Total $501,450.00
Contingency 15% $75,217.50

Total $576,667.50
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Tempe Restoration Project
Summary of
Preliminary Opinion of Probable Coste aY15,1997

Prepared By: Logan Simpson & Dye

LOCALLY PREFERRED RECREATION FEATURES
Item Item Description Qty. Units Unit Subtotal

# Price
1 Mobilization 3 LS N/A S50,000
2 Excavation/Grading 138,500 SY $2.50 $346,250
3 Concrete Ramp 3 EA $75,000.00 $225,000
4 Parking Lot 55 CARS $1,000.00 $55,000
5 Multi-use Trail (12') (Concrete) 190,560 SF $3.50 $666,960
6 Multi-use Trail (12') (Decomposed Granite) 3,600 SF $1.00 $3,600
7 Pedestrian Bridge over Downstream Dam 1 EA $1,700,000.00 $1,700,000
8 Ramada 11 EA $25,000.00 $275,000
9 Comfort Station (including utilities) 2 EA $125,000.00 $250,000

10 Miscellaneous (Railings, Metals, Walls) 3 LS N/A $70,000
11 Foot Bridge 4 EA $35,000.00 $140,000
12 Miscellaneous (Drinking Fountains, Picnic Tables, etc.) 3 LS N/A $45,000
13 Interpretive Signs 12 EA $350.00 $4,200
14 Environmental Education Displays 9 EA $750.00 S6,750

•

•

Subtototal
Contingency (15%)

Preliminary Opinion of Probable Total Cost

$3,837,760
$575.664

$4,413,424
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