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VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios
PROJECT LOCATION: Phoenix, AZ

EXECUTIVE SUMMARY

This report presents the results of a VE study conducted to review the design of the Tres Rios

project for the U.S. Army Corps of Engineers, Los Angeles District (District).
The project is being designed for the City of Phoenix (the City).
The project is being designed by the District’s in-house staff.

The project was reviewed at the completion of the Feasibility Report. The VE process used to
review this project is an organized, multidisciplinary process designed to find alternative ways to
achieve the project’s necessary and desired functions at the lowest life cycle cost. The VE team
(team) identified the important project functions and possible alternative ways to achieve them,
then selected the best alternatives and developed them into workable recommendations for
project improvement and cost savings.

The VE workshop (workshop) was conducted in Phoenix, AZ by Moffatt & Nichol Engineers
(MNE) in association with Robinson, Stafford, & Rude, Inc. (RSR).

PROJECT DESCRIPTION

The Tres Rios project was conceived to provide flood control in combination with environmental
restoration. The project consists of:

e A 300-million gallon per day (mgd) pump station that will allow the 91% Avenue
Wastewater Treatment Plant to operate during the 100-year flood event. This pump
station will also feed the plant's effluent water to the regulating wetlands.

e A 184-acre regulating wetland to even out the diurnal flows from the WWTP pump
station before discharging the water through a series of constructed wetlands.

e 128 acres of constructed wetlands on the river side of a new north bank levee system.
The flows through these wetlands are then conveyed by a 36-inch diameter pipe to the
west end of the project to irrigate a new riparian corridor.

e Cottonwood/willow riparian corridors along both sides of the river.
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e A water conveyance system to transport water by a pipeline from the WWTP's dewatei'ing
wells to a gravel pit lake within the riverbed. From the gravel pit the water flows through
an open channel to feed a new open water/marsh are on the south side of the river.

e Open water/marshes along the south side of the river on the east end of the project and
along the north side of the river on the west end. These open water/marsh areas have -
been located where there are currently dense populations of slat cedar, which this project
is trying to eradicate. ?

This project is largely predicated on increasing the flood capacity through the permanent removal
of salt cedar, which local residents believe has contributed to the reduced flood conveyance
capacity of the Gila River in this reach. This project is using the open water/marsh areas to
prevent the growth of salt cedar in these areas. In other areas, riparian corridors are being
established with a cottonwood and willow complex that under the design conditions are expected
to out compete the salt cedar. The wetland areas and the open/water marsh areas maintaina -
virtually clear river cross-section for the flows. The structure of the cottonwood/willow corridors
will increase the conveyance capacity over the salt cedar and will prevent the re-growth of this
undesirable tree. In addition, the open water/marsh, the wetlands, and the riparian corridors all
contribute to the establishment of a habitat that is more conducive to desirable plants, birds, and
animals.

VALUE ENGINEERING PROCEDURE

The 40-hour workshop took place from August 14-18, 2000. This study followed the format of
the six step Value Engineering Job Plan. The process is consistent with the SAVE International
and U.S. Army Corps of Engineers standard value methodology. Each step is designed to
achieve results and assure savings to the District and the City.

WORKSHOP RESULTS

The workshop focused on the optimization of capital and O&M costs. A structured approach
was used to identify high cost areas of the project and to determine the functional requirements.
Portions of the project that were not functionally required or that contained major portions of -
project costs became focus areas. From this, the team generated 261 ideas for alternatives to the
current design. Based on the team members’ judgment and input from the District and the City
representatives, 12 of these ideas were developed as VE recommendations. |

An oral presentation of the workshop results was made to the District and the City on August 18,
2000. | '

VE Recommendations

Section 3 — Summary of Recommendations, includes a complete list of all the recommendations
developed. This table shows the number and title of the idea as well as a summary of the cost.
savings associated with each recommendation. The cost savings shown are the capital or first
cost savings and the life cycle cost savings. Life cycle cost savings includes the capital cost
savings plus any operations and maintenance cost savings over the economic life of the project.

Executive Summary 1-2
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Some recommendations presented in this report are variations of a common concept and others
are alternatives to a specific aspect of the désign. Thus, not necessarily all recommendations in
this report can be implemented, because, selection of some will preclude or limit the use of
others.

Optimum Potential Cost Savings

After developing all of the recommendations, the VE team reviewed the composite list to identify
the optimum combination of these recommendations. The VE team’s opinion of this optimum
combination is shown in Table 1-2.

This combination results in the following potential cost savings:
Capital Cost Savings $16,937,600

Present Worth of Operations and $1,875,100
Maintenance (O&M) Cost Savings

Life Cycle Cost Savings $18,812,700

These potential savings do not reflect any costs for redesign, which must be considered.
Moreover, the full benefit and impact of many of the recommendations goes beyond the cost
savings to include improved project performance of required functions.

It should also be noted that these are recommendations only. Final responsibility for acceptance
and design rests with the District and the City.

Design Suggestions

In addition to the VE recommendations, the team made 17 design suggestions. These are
suggestions for changes or clarifications to the project documents which do not have an
identifiable or quantifiable cost impact, within the scope of the workshop.

1-3 Executive Summary




VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios
PROJECT LOCATION: Phoenix, AZ
TABLE 1-1
Summary of Implementation Decisions
Idea Idea Description First Cost Life Cycle | Decision
No. Savings Cost Savings
F-15 Reduce excavation of the open water $3,863,200 | $3,863,200
marshes
F-16 Flatten levees and eliminate riprap $3,589,200 | $3,589,200
F-42 Locate interior drains to support habitat $(175,500) | $(175,500)
development
F-70 Use an irrigation ditch along the north side | $3.225.500 | $3.225.500
and eliminate pipe
F-75 Construct levees in a natural landform $3,887,800 | $3,887.800
H-02 Eliminate riprap and armor levee with live | $3.839.200 | $3,839.200
‘ materials
H-25 Simplify the dewatering pipe route $1,001,000 | $1,001,000
H-27 Increase the height of the levee and reduce | $(115,400) $318,600
scheduled maintenance
H-28 Locate all openwater marshes to avoid $3,330,900 | $3,330.,900
lining
H-30 Plant northwest area in $6,995.700 | $7.231,700
cottonwood/willows and eliminate
stringers
H-58 Develop plant nurseries within the project $720,600 $720,600
area
OM-33 | Use hydraulically designed system that $(423,100) $782.,000
| eliminates mechanical controls
A-Accepled A M-Accepted with Moa.fications F-Further Study Required O-Open or Undecided R-Rejected

1-5
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PROJECT TITLE: Tres Rios
PROJECT LOCATION: Phoenix, AZ
TABLE 1-2
VE Team’s Optimum Combination
Idea Idea Description First Cost O&M Cost Life Cycle
No. Savings Savings Cost Savings
F-15 Reduce excavation of the open water $3,863,200 - | $3,863,200
marshes
F-42 Locate interior drains to support $(175,500) -1 $(175,500)
habitat development
F-70° | Use an irrigation ditch along the north | $3,225,500 - | $3.225,500
side and eliminate pipe
H-02 Eliminate riprap and armor levee with | $3,839,200 - | $3.839,200
live materials
H-27 Increase the height of the levee and $(115,400) $434,000 | $318,600
reduce scheduled maintenance
H-28 Locate all openwater marshes to $3,330,900 - | $3,330,900
avoid lining
H-30' Plant northwest area in $2.672,201 $236,000 | $2,908,201
cottonwood/willows and eliminate
stringers
H-58 Develop plant nurseries within the $720,600 - | $720,600
project area
OM-33 | Use hydraulically designed system $(423,100) | $1,205,100 | $782,000
that eliminates mechanical controls
TOTAL SAVINGS $16,937,601 $1,875,100 $18,812,701

Notes: 1. Savings reduced by $3.258.100 x 1.327 to account for the overlap with VE Recommendation F-70.

2. Channel is not necessary with VE Recommendation H-30: however. channel cost was included for use in

VE Recommendation F-42.
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VALUE ENGINEERING STUDY ..

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROJECT DESCRIPTION

GENERAL OVERVIEW
~1d

The Tres Rios area consists of that portion of the Salt River and Gila River extending from 83
Avenue to 2 downstream point at the Agua Fria River. The study area is located in Maricopa
County, Arizona. The study area is approximately 9.2 miles long and one mile wide, and
encompasses approximately 5,600 acres. The Salt River flows into the Gila River just upstream
of the 115™ Avenue crossing. The Agua Fria River flows into the Gila River near the
downstream end of the study area.

The natural riparian ecosystem has been degraded within the study area. Several factors have |
contributed to the degradation of the system including: drastic reductions of natural flood events;

population encroachment and subsequent unauthorized and unregulated use; severe reduction in

base flows; diurnal variations in the effluent-dominated surface waters; and dominance of exotic

species such as salt cedar (Tamarix chinensis). The opportunity exists to restore riparian habitat

within the study area, as well as to address flooding problems and the recreation needs of the

study area.

A number of habitat restoration alternatives with some flood contro! components were developed
in cooperation with the non-Federal sponsor and evaluated relative to their effectiveness,
acceptability, completeness, and incremental economic efficiency. From the array of alternatives,
a plan has been selected that is technically feasible, economically efficient, and environmentally
sound according to Federal water resources planning criteria. The selected plan is characterized
by:

e aregulating wetland to even out diurnal variations in treatment plant discharge
e constructed wetlands arranged linearly along the north bank of the river

¢ apipeline from the overbank wetland leading to riparian corridors west of E1 Mirage
Road

e open water/marsh areas within the channel west of E] Mirage Road

e distribution of dewatering well water from the treatment plant to large open water/marsh
creation areas along the south side of the river

o flood control levees
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The non-Federal sponsor has also expressed a desire to increase the passive recreation
opportunities incidental to the restoration effort within the study area. The riparian habitat
created by the selected restoration plan would be unlike any other resource in the metropolitan
area.

FLOOD PROTECTION

Holly Acres Subdivision occupies a low-lying area within the 100-year floodplain. In 1992,
residents of the subdivision filed suit against the water department charging that the department's
practice of discharging treated effluent to the Salt River had fostered extensive salt cedar
establishment. The residents alleged that the presence of salt cedar had reduced the channel
conveyance during high flow events and consequently exposed the residents to a flood threat. 'As
part of the settlement agreement, the department agreed to develop a plan to protect the residents

by 2002.

The proposed project design includes flood protection at a 100-year level for the residents of
Holly Acres and surrounding agricultural interests. The necessity of preventing flooding on Gila
River Irrigation Company-owned (GRIC) land was also recognized in project planning.

Levee

A flood control levee (100-year) would be constructed just north of the proposed features along
the entire length of the reach between the regulating wetland and approximately Dysart Road.
The levee would extend as close to the north bank of the river as possible, and would take ,
advantage of any existing protection levees along the bank. The levee height will range from 4
feet to 10 feet high. The river side will have a 15-inch thick riprap armor with two-foot
horizontal on one foot vertical (2:1) slopes. The levee design would include a toe-down of 15:
feet in areas adjacent to the active channel, and 7 feet in areas set back from the river.

The real estate plan includes an analysis that concludes mitigation is not required as a result of
the flood control improvements. The proposed project includes a North Bank levee for the
purposes of flood protection. A hydrologic analysis of the potential for induced flooding to the
south side of the river was completed to determine the depth, duration, and extent of water
surface elevation changes to south side properties. The 100-year flood would be only minimally
raised at certain locations on the south side due to the proposed project. The largest change
during a 100-year flood event would result in an approximate water surface elevation increase of
one foot, with an 8-hour duration. Much of the land potentially affected is presently hardstand
and river bottom parking areas associated with Phoenix International Raceway.

HABITAT RESTORATION

The habitat value of the project reach is seriously compromised by the dominance of invasive salt
cedar. Other factors limiting the habitat quality and diversity are the minimal base flow and
absence of extensive, stable riparian forest structure. Salt cedar has established in areas that
would normally support a cottonwood/willow complex. Historically, extensive mesquite thickets
also populated the riparian corridor. By the turn of the 20" century, much of the native riparian

Project Description 2-2
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vegetation was lost. Salt cedar is especially problematic because of its much longer germination
period and far higher tolerance for saline conditions.

Existing riparian vegetation which includes all representative height classes is at a premium in
Arizona. Riparian habitat that has one or more components (i.e. understory or overstory)
impacted, can still be restored. These types of riparian areas should be protected from further
degradation.

Low elevation riparian habitat has been lost and modified as a result of urban, suburban and
agricultural conversion. Habitat modification from water diversion and impoundment,
channelization, excessive livestock grazing, and other changes has resulted in the disruption of
natural water flow regimes and reduced or no seedling regeneration. Human disturbance from
recreational uses has also impacted habitat. Habitat fragmentation can affect the colonization
potential of certain species such as the yellow-billed cuckoo which requires stretches of habitat
approximately 0.5 miles in length. Similarly, low population numbers can affect the
reproduction potential of species as demonstrated by the recent efforts with the California
condor. Poor water quality may also affect species dependent on aquatic resources such as the .
black hawk.

Several species of concern are present in the Tres Rios study area, including the southwestern |
willow flycatcher and the Yuma clapper rail. Loss of habitat is one of the main reasons for a ' |
decline in the southwestern willow flycatcher population. Nests are usually located in the fork of

a shrub or a tree 4-25 feet above the ground. With the loss of preferred habitat throughout the

southwest, southwestern willow flycatchers have been observed utilizing salt cedar thickets for

nesting. However, salt cedar may not provide the thermal cover necessary for successful nesting

in many areas. Restoration of preferred habitat for this species was a major feature of the design.

Pump Station and Diurnal Wetland

A pump station facility having an approximate capacity of 2,900 gpm would be constructed to
convey effluent from the 91% Avenue Wastewater Treatment Plant to the regulating, or diurnal
wetland. The diurnal wetland, approximately 184 acres and averaging 5 feet deep, would be
constructed between 91 and 99 Avenue, and would buffer diurnal flow rate fluctuations from
the wastewater plant. This will allow the fluctuations to take place within the regulating wetland
so that a more constant flow can be discharged from the regulating wetland into the river and the
overbank wetlands. The basins would be graded so that approximately 0.5 feet of depth
fluctuation would occur during any 24-hour period.

Cross-slope grading would minimize ponding outside of the low-flow conveyance area.
Vegetation would be planted appropriate to the hydrologic regimes within the wetland, which
would range from no inundation along the upper banks to approximately four to six hours of
inundation each day along the lower portion of the banks. Further, there would be a combination
of shallow emergent areas along the bottom, and deep, open water segments within the low-flow
area. Finally, approximately five species of aquatic macrophytes are currently being considered.

2-3 Project Description
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Regulated Wetlands
Overbank Wetlands

The linear, overbank wetland, approximately 128 acres and averaging 4-5 feet deep, would
receive flow discharged from the diurnal wetland and would be constructed between 99™ and
113" Avenues. The basins would be planted with various species of bulrush, cattails, water lilies
and other aquatic and terrestrial plants to create a riparian habitat attractive to wildlife of the drea.

Open Water/Marshes

Discharge from the wetlands would be conveyed in a 36-inch diameter steel pipe that leads to
eight riparian corridors west of El Mirage Road, totaling approximately 38 acres. The
cottonwood/willow stringers are riparian corridors that consist of a 20-foot wide, 4-foot deep low
flow channel with a 75-foot wide, 3-foot deep bench. They will be planted with predominantly
Fremont cottonwood and Gooding willow trees to provide riparian habitat. Water that flows
through the riparian area would continue down slope into four open water/marsh areas, totaling
approximately 134 acres, between El Mirage Road and the Agua Fria. The open water/marsh:
areas along the river’s north side would thereby receive water from (1) water continuing through
the riparian corridors, (2) the natural flow in the river, and (3) groundwater in the area. Each
open water/marsh consists of a 300 feet to 500 feet wide, 5-foot deep pond. Ponds will be clay
lined to prevent loss of water caused by infiltration. Ponds will be connected in series by riprap
lined connecting riffles. Control gates at the pond outlet will be used to control the flow to each
pond. A 100-foot wide, 2-foot deep bench will be constructed at the bank of each pond. The.
bench will be planted with marsh habitat type plants while the deeper section of the pond will be
left as open water habitat. Nesting islands for waterfowl will be constructed in the center of the
ponds. In addition, the channel would be graded to convey surface water to supply two
cottonwood-willow corridors between 111™ Avenue and El Mirage Road that total approximately
69 acres.

Cottonwood/Willow Corridors

Groundwater from existing dewatering wells within the treatment plant would be pumped in a
5,200 foot-long pipe into an existing impoundment of water just east of 83" Avenue. This water
would then outlet into the main channel into a secondary distribution system of pipes and canals
in order to create cottonwood-willow riparian corridors (approximately 16 acres) and open
water/marsh areas (approximately 206 acres). The salt cedar that primarily occupies this area,
between 91% and 115™ Avenues, would be cleared and replanted as appropriate.

The cottonwood/willow riparian corridors would be dominated by Fremont cottonwood (Populus
fremontii) and Goodding willow (Salix gooddingii) and planted primarily at densities of 50
plants/acre. The understory would consist of desert broom (Baccharis sarothroides), elderberry
and other native understory plants.

Cottonwood/willow riparian vegetation will be planted along the riparian corridors and along the
edge of open water marshes. After the initial five years, these habitats are expected to become
self-vegetating, provided the water distribution system described above is maintained. Following
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major flood events, some of the restored cottonwood/willow vegetation may be removed by flood
waters.

Restored habitats are expected to support native wildlife. The high quality wetland marsh and
cottonwood/willow habitats are expected to support the diverse assemblage of wildlife that is
associated with these habitat-types. The project design includes monitoring of wildlife
abundance and diversity to determine whether habitats actually attract and support significant
populations of a wide variety of native wildlife.

2-5 Project Description
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PROJECT TITLE: Tres Rios PAGE 1 OF 1
PROJECT LOCATION: Pioenix, AZ
SUMMARY OF RECOMMENDATIONS

Idea Idea Description First Cost O&M Cost Life Cycle

No. Savings Savings Cost Savings

F-15 Reduce excavation of the open water $3,863,200 -1 $3,863,200
marshes

F-16 Flatten levees and eliminate riprap $3,589,200 - | $3,589,200

F-42 Locate interior drains to support $(175,500) - $(175,500)
habitat development

F-70 Use an irrigation ditch along the north | $3,225,500 -1 $3,225,500
side and eliminate pipe

F-75 Construct levees in a natural landform | $3,887,800 -| $3,887,800

H-02 Eliminate riprap and armor levee with | $3,839,200 -1 $3,839,200
live materials

H-25 Simplify the dewatering pipe route $1,001,000 -1 $1,001,000

H-27 Increase the height of the levee and $(115,400) $434,000 | $318,600
reduce scheduled maintenance

H-28 Locate all openwater marshes to $3,330,900 - | $3,330,900
avoid lining

H-30 Plant northwest area in $6,995,700 $236,000 | $7,231,700
cottonwood.willows and eliminate
stringers

H-58 | Develop plant nurseries within the $720,600 -1 $720,600
project area

OM-33 | Use hydraulically designed system $(423,100) | $1,205,100 | $782,000
that eliminates mechanical controls
rsr
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VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios
PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.:

PAGE NO.:
DESCRIPTION: Reduce excavation of the open water marshes
CRITERIA CHALLENGE: No  CRITERIA NO.:

F-15
1 of 8

ORIGINAL CONCEPT:

In the original concept, the open water marsh is excavated three feet deep in the vegetation area

and an additional two feet deep in the open water area.

PROPOSED CONCEPT:

The proposed concept is that the open water marsh is excavated two feet deep in the vegetation

area and an additional two feet deep in the open water area.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH
OF O&tM COSTS

LIFE CYCLE
COSTS

ORIGINAL CONCEPT $19,315,800 - $19,315,800 '
PROPOSED CONCEPT $15,452,600 - $15,452,600 |
SAVINGS $3,863,200 i $3,863,200 |

|
rsr 4-1




V ALUE ENGINEERING STUDY

PROPOSAL NO.:
PAGE NO.: 2 of

ADVANTAGES & DISADVANTAGES

E-15
8

ADVANTAGES:

e Flow channel does not change
o Habitat value may not change

o Decreases amount of excavation

DISADVANTAGES:

e May not reach groundwater level for some open water marshes

e May allow more rapid growth of less desirable vegetation such as cattails

JUSTIFICATION:

Slight changes in depth over large areas can significantly decrease the amount of excavation.

The depths should be selected based on the threshold for aquatic habitat.

l” S I‘ 4-2 VE Recommendatfon




~ throughout the open water marsh with deeper holes and habitat in the pools and on the shelves.

VALUE ENGINEERING STUDY

PROPOSAL NO.: F-15
PAGE NO.: 3 of 8

DISCUSSION

The main objective of this recommendation is to explore the impact of minor changes in
elevation over large areas. :

The depths are currently set at three feet for the shelves with an additional two feet at the pools.
The depths should be set based on the desired aquatic habitat. The depths should be varied

The effect of shading by the cottonwood/willow should be incorporated into the design. The
required habitat conditions can be developed with a sloping, pitted bottom.

While the one foot reduction is arbitrary, so is the proposed depth in the original concept. The
point of this recommendation is to illustrate that a relatively minor adjustment in the depth of
these pools results in significant cost savings. Rather than set an arbitrary depth, the value team
recommends that serious consideration be given to the depth necessary to support the habitat that
is desirable to this project.

From an O&M perspective, the value team does not believe a one-foot change in pool depth will
have a noticeable change to the required O&M effort. To account for sediment load, the pools
would have to be significantly deeper. This is not practical or cost effective.

I‘S l" 4-3 VE Recommendation
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V ALUE ENGINEERING STUDY I
PROPOSAL NO.: F-15 l
PAGE NO.: 6 of ' 8
ORIGINAL CONCEPT — CALCULATIONS l
Excavation l
Independent open water marsh 1,120,000 cy l
Dependent open water marsh 1,800,000 cy
2,920,000 cy l
Grading area l
Independent open water marsh 139 acre l
Dependent open water marsh 223 acre '
362 acre
rsr 4-6 VE Recommenddtion l




V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-15
PAGE NO.: 7 of 8

PROPOSED CONCEPT — CALCULATIONS

Original: = 2,920,000 cy
Assume a decrease of 1 ft on the average: 362 acre-ft = 584.000 cy
Proposed total: = 2,336,000 cy

Assume 700 ft wide by 1 ft deep 700 sf decrease in cross section

Area of cross-section for 100-yr. flow = approximately 35,000 sf

700 sf out of 35,000 sf does not increase flood rise.

I‘ S l‘ 4-7 VE Recommendation




V ALUE ENGINEERING STUDY

PROPOSAL NO.: ?F-15
PAGE NO.: 8 of 8

COST SAVINGS ESTIMATE

Original Concept |[Proposed Concht
R " P TIT é K.» r 5 PN R N
Excavation cy 5.00 | 2,920,000 |14,600,000 11.680.00
Contingency. PED, E. S&A % 323 4,715,800 3,772/640
TOTALS 19,315,300 28]15.452,640
NET SAVINGS 3,863,160

All costs from project MCACES Report and MCACES Database except if noted below:

1.

-

l‘ S I’ 4-8 VE Recommend&tion




VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: F-16
PAGE NO.: 1 of 11
DESCRIPTION: Flatten levees and eliminate riprap
CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

In the original concept, the levee is lined on the riverside with 15 inches of riprap. The riprap is
also toed-down from 7 ft to 15 ft as scour protection. The upstream slope is 2H:1V.

PROPOSED CONCEPT:

The proposed concept replaces the riprap and toe down with a 4H:1V with a cobble fill, which is
excavated from the channel bottom. The material would be selected but not processed.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE
OF O&tM COSTS COSTS
ORIGINAL CONCEPT - $4,481,700 . $4,481,700
PROPOSED CONCEPT $892.500 - $892,500 5
SAVINGS $3,589,200 i §3,589,200
Ir'sr 4-9




V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGE NO.: 2 of 11

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e Eliminates need for riprap
¢ Eliminates excavation for toe down
¢ Eliminates soil riprap interface that is difficult to fill and would be an area of scour

o The flatter slope decreases the tractive shear along the face of the levee
DISADVANTAGES:

e Unless planted with drought tolerant plant, slightly decreases habitat

o Very localized scour might require some maintenance

JUSTIFICATION:

Flattening the slope and replacing the riprap with cobbles is a more natural slope at this
environmental restoration project. The proposed levee nd stability

l’ S l‘ 4-10 VE Recommendbtion




VALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGE NO.: 3 of 11

DISCUSSION

EM 1110-2-1913 DESIGN AND CONSTRUCTION OF LEVEES Section 7-6 Protection of
River Slopes lists a number of factors for determining the type of slope armor. These factors
include:

e Duration of floodwaters
e Relative susceptibility of embankment to erosion
e Riverside protection by timber stands

e Structures riverside of the levee that could constrict flow

e Curvature and transitions of levee

e Flatness of slope

e Performance data

e Remoteness of project for inspection and maintenance

Based on the criteria stated in the EM, there is an opportunity to change the slope protection. For
this project. the flood duration is short, maybe three weeks against the levees. The material is not
susceptible to erosion. Estimated erosive velocities are estimated to be greater than three fps.
The riverside is protected by timber stands. The levee is relatively straight except near the
western end at the turn out. The slope is relatively flat. The recommended slope is 4H:1V. The
Holly Acres levee is armored with cobbles and is steeper and has performed well. The project

will be monitored. ' 574,7‘ A verse

Based on the HEC-RAS. the average channel velocity-is-5-fps-except.at the ex ),‘ mes of the
project and near the 115" Avenue Bridge. B.L maximum predicted velocity1s [ps at the
ends of the project. The habitat, especially, the willow/cottonwood complex. Will slow the near

bank velocities.

~D

The detail as shown for the original concept requires the excavation of natural material to
construct the turndown for the riprap. The excavated material is then backfilled in the trench. It
is difficult to backfill against the riprap on a 2 to 1 slope. The contact of the riprap and backfill is
the weakest point. If scouring is initiated, it will probably be at this location and scour down the
face of the riprap removing the backfill.

The core of the levee remains the same to protect from seepage and piping.

I ‘S l‘ 4-11 VE Recommendation




V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGE NO.: 4 of . 11

ORIGINAL CONCEPT — SKETCH
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGE NO.: 5 of 11

ORIGINAL CONCEPT — SKETCH

Riprep —
/ f/é,%..,.cu\.,_\
—_ = — £ F;H Levee 2
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGENO.: 6 of 11

ORIGINAL CONCEPT — SKETCH
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VALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGE NO.: 7 of 11

PROPOSED CONCEPT — SKETCH

. <
1= i Com .G}QJ
M Fill fLe»/ce \
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGE NO.: 8 of 11

PROPOSED CONCEPT — SKETCH

Com svloJ ‘
Fill fl.cv.c \
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V ALUE ENGINEERING STUDY

l : PROPOSAL NO.: F-16
PAGE NO.: 9 of 11
l ORIGINAL CONCEPT — CALCULATIONS
l Calculate average levee dimensions:
| l 141,000 cy of fill in levee or 3,807,000 ft’
measured length of levee is 25,000 ft with calcuiéted area of 152 sf area is
i T
2

L] -_r !
] - -

2h § 24
l Area =  (8+8+2h+2h)x h =  (82h)x h =152f

2
l by trial and error, “h” = approximately 7 ft
l Calculate habitat area:
l Say average trench is
' & 45’ > (

B Jo £

] d :
' 45 ft x 25,000 ft = 1,125,000 sf = 25.8 acres
I rsr 4-17 VE Recommendation




V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGENO.. 10 of 1l

PROPOSED CONCEPT — CALCULATIONS

Calculate volume of cobble fill

B

Area = YLxhxb = x7x 14 = 49 sf

Volume = Area x length

= 49sf x 25,000 ft 1,225,000 f

= 1225000 f’ = 45400cy
27 /ey

{ ,h7 ///
u\fb# -
O P .
\e i
&~ o |
& X i
L
g hes ‘\400 r\\) -;'
Q0% o .
00 &
#
b
\o9/,
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-16
PAGENO.: 11 of 1l
COST SAVINGS ESTIMATE

L B oo ¥ L oo

eles £ 27

Ongmal Concept

Proposed Concept

(358.000 )1 ,790,000

e - — <
~1"Riprap slope protecuob @\ 12.00.. 9 Uafﬁoo 1,051,200 0 -
e —— \Z< PO
Compacted levee fill | ey 3.00 | 141,000 | 423,000 | 141.000 | 423,000
Cobble fill 9 /500 - A 45400 227,000
e——
(19308
Subtotal 3,264,200 650,000
Contingency. PED. E. S&A % 37.3 1,217,500 242,500

Nl G = & B &Gn B A B B D e e

TOTALS

L T n| ass00
NET SAVINGS 3,589,200

892,500

All costs from project MCACES Report and MCACES Database except if noted below:

) @wmwl{f%fes a(o"h {7‘/ /w K /‘% ~

—

rsr — 4-19 VE Recommendation
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VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: F-42
PAGE NO.: 1 of 7
DESCRIPTION: Locate interior drains to support habitat development

CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

In the original concept, the north levee will be 8 to 10 ft above existing interior land elevations.
The internal runoff will require detention space to accommodate a 100-year local event.
Impoundment areas and pipe connections to the rivers are proposed at five locations.

PROPOSED CONCEPT:

The proposed concept uses interior drains that will drain runoff to the river during all local
rainfall events less than the 100-year event. It is proposed that the outfall drains be connected
and the outlets located to drain to the riparian habitat avoiding the overbank wetlands and the
impoundment basins which are being utilized as managed habitat areas.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE
OF O&M COSTS COSTS
ORIGINAL CONCEPT i $153,800 - $153,800
PROPOSED CONCEPT $329.500 ] §329,500 |
SAVINGS $(175.700) ; $(175,700) |
rsr 4-2]




V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-42
PAGENO.:. 2 of 7

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e  Delivers stormwater runoff to riparian areas
e - Creates habitat in impoundment basins
e Uses the proposed 36-in pipeline for dual purpose

e Combines five impoundment basins into one

DISADVANTAGES:
e Adds 3.200 ft of 24-in connector pipe

JUSTIFICATION:

The 36-in pipeline is only needed to establish initial growth. The rainfall runoff to riparian areas
provides the natural water cycle for habitat. The impoundment basin can provide additional |
habitat. ‘

rsr 4-22 VE Recommendfation




VALUE ENGINEERING STUDY

PROPOSAL NO.: F-42
PAGE NO.: 3 of 7

DISCUSSION

The existing concept uses five separate impoundment basins and five pipe outlets with two of the
outlets draining to the overbank wetlands basins. The storm water drainage may have picked up
contaminants that could be harmful to the overbank wetlands.

It is proposed that the two easterly outlets be connected by pipe and conveyed west to connect to
the other three proposed outlets. These three outlet locations will be located to drain to the
constructed riparian habitat areas. Additional outlets will be added to match the number of
riparian corridors to be constructed. It is proposed that the 36-in pipeline from the west end of
the overbank wetland basins be used to connect the storm drain outlets. Under this concept, the
five separate detention basins (impoundment areas) could be combined at one location. The
selected impoundment area or areas can be developed into a habitat area during dry weather
using the pipeline connection to the wetland basin. The plant selection and operation must be
designed to meet the flood control requirements for storage capacity. The interconnected pipe
system must be designed to provide control gates that will prevent backflow into the interior land
area during high flow events. The combining of impoundment basins into one location should
simplify land acquisition. The basin size can be more cost effective because some of the separate
basins had more capacity than required because of minimum size criteria.

I‘S I’ | 4-23 VE Recommendation
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-42
PAGE NO.: 6 of 7

ORIGINAL & PROPOSED CONCEPT — CALCULATIONS

Interior Drainage: Hydrologic Estimates for Tres Rios Levees. NNA/14July1999

Location

99" Ave. 107" Ave. 115" Ave.  ElMirage Rd.  Dysart Road

Drainage Area-sq. mi. . 1.5 1 0.25 0.35 0.25
100-yr Peak Discharge 1000 700 200 280 200
cfs .

100-yr Volume 100 60 15 20 15.
acre-feet

Notes: data (peak and volume estimates) based on Figures 3-1 and 3-3 from Appendix A, Rio
Salado Feasibilitv Report, April 1998.

Suggestion: to size detention basin/impoundment area, consider reducing the 100-yr volume by
the capacity of the selected drain in cfs, e.g. the impoundment area for the interior drainage to
99" Avenue could be 50 acre-feet if a 50 cfs pipe were selected. As the pipe capacity approaches
the peak flow rate, less impounded area would be necessary, of course. However, this total will
be a non-zero number in order to provide sufficient head to drive the water. For the above data,
the tailwater is considered to be non-existent or negligible.

L

rsr 4-26 VE Recommendation




VALUE ENGINEERING STUDY

PROPOSAL NO.: F-42
PAGE NO.: 7 of 7

COST SAVINGS ESTIMATE

Original Concept Concept
Y PR P TR
sl ofa
: ; seEee gt e

Interior drainage 24-in RCP If 40.00 1,550 62,000 1,550 62,000

Inlet structures ea 5,000 5 25,000 5 25,000

Outlet weir structures ea 5,000 5 25,000 5 25,000
Connector pipe 24-in RCP If 40.00 - - 3.200 | 128,000 ‘
|
|

Subtotal 112,000 240,000

Contingency, PED, E, S&A % 37.3 41,775 89,520

TOTALS T e 153,800 | 329,500
NET SAVINGS (175,700}
All costs from project MCACES Report and MCACES Database except if noted below:
1.
2.
rsr 4-27 VE Recommendation




VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: F-70
PAGE NO.: 1  of 11
DESCRIPTION: Use an irrigation ditch along the north side and eliminate pipe

CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

The original concept includes 36-in gravity pipeline conveying water along the north levee from
the overbank wetlands to the riparian corridor, a distance of 14,000 ft.

PROPOSED CONCEPT:
The proposed concept would replace 12,300 ft. of the above pipe with an open irrigation ditch.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE

OF O&M COSTS COSTS
ORIGINAL CONCEPT - $4,309,100 y $4,309,100
PROPOSED CONCEPT $1,083,600 | .| $1,083,600
SAVINGS | §3,225,500 . §3,225,500
rsr 4-29




V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-70
PAGE NO.: 2 of 11

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e Potential water feature
e Potential habitat development
o Reduces construction time

e Lower capital cost
DISADVANTAGES:

e Post-flood maintenance required

¢ Reduced access to levee

JUSTIFICATION:

There is a dramatic capital cost savings potential for this proposal. Habitat and recreational
features may be added to the stream banks.
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VALUE ENGINEERING STUDY

PROPOSAL NO.: F-70
PAGE NO.: 3 of 11

DISCUSSION

The original design includes 14,000 ft. of 36' réteel pipe to tonvey water from linear overbank
(general) wetlands to the riparian corridors. (This gravitypipeline is primarily located north of
the proposed levee alignment and passes beneath the Holly Acres development.

The proposed change replaces most of the pipeline with a soft-bottom trapezoidal channel
(irrigation ditch) with a depth of approximately 2-3 ft below finished grade. The channel follows
the inside (south) bank of the north levee. The construction requires excavation, shaping and
selective backfill. The channel could be formed to resemble a natural stream bed. A pipe is still
required beneath the Holly Acres development due to a lack of space between the development
and the levee that exists in this reach.

The necessity of piping beneath Holly Acres should be evaluated during design.

Increased maintenance of the channel was not considered a relevant issue. The channel to the
west end of the project is only needed under the original concept to establish the riparian
corridors. If the channel should fail within five years, the irrigation company’s water would short
circuit to the river. This would simply provide the opportunity for new riparian corridors. The
value team does not consider this a failure of the system. The irrigation company would still get
their water and the cottonwood/willow corridors would be into groundwater. Thus, the channel
should require little to no maintenance to accomplish the required function.
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-70
PAGE NO.: 4 of | 11

ORIGINAL CONCEPT — SKETCH
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VALUE ENGINEERING STUDY

PROPOSAL NO.: F-70
PAGE NO.: 5 of 11

ORIGINAL CONCEPT — SKETCH
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VALUE ENGINEERING STUDY

PROPOSAL NO.: F-70
PAGENO.: 6 of 11

PROPOSED CONCEPT — SKETCH
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VALUE ENGINEERING STUDY

PROPOSAL NO.: F-70
PAGE NO.: 7 of 11

PROPOSED CONCEPT — SKETCH
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V ALUE ENGINEERING STUDY | I
PROPOSAL NO.: 1I-‘-7O '
PAGE NO.: 8 of 11

PROPOSED CONCEPT — SKETCH | .
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i V ALUE ENGINEERING STUDY
B PROPOSAL NO.: F-70
PAGE NO.: 9 of 11
| ORIGINAL CONCEPT — CALCULATIONS
' Assumptions:
l Per item 4a, Appendix D, Tres Rios Feasibility Study
' 49.200 cv backfill = 3.5 cv backfill
| 14,000 If pipe If pipe
|
1
; 52.900 cv excavation = 3.8 cy excavation
l 14,000 If pipe If pipe
l Ir'sr 4-37 VE Recommendation




V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-70
PAGE NO.: 10 of = 11

PROPOSED CONCEPT — CALCULATIONS

Assumptions:
1. Ditch is soft-bottomed trapezoidal channel
2. Use costs identified in Appendix D, Tres Rios Feasibility Study

3. From alternative 3.5 plan, length of pipe beneath Holly Acres equals approximately

1,700 ft.

Quantities:

Original length Holly Acres
Channel length: 14,000 If - (1,700)

= 12,300 ft

Channel excavation: 12300 ft x 3.8cy/lf = 46,740 cy
Channel backfill: Assume 0 cy; but increase cost of excavation to $8 to allow for
shaping ‘
Pipe excavation: 1,700 If x 3.8 cy/If = 6,460 cy
Pipe backfill: 1,700 If x 3.5 cy/If = 5,950 cy
Total excavation: 46,740 cy + 6,460cy = 53,200 cy
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VALUE ENGINEERING STUDY

PROPOSAL NO.: F-70
PAGENO.: 11 of 11

COST SAVINGS ESTIMATE

All costs from project MCACES Report and MCACES Database except if noted below:

1.

2.

"S l’ | 4-39 VE Recommendation

' Original Concept
ErrEaeey ==
; 36-in steel pipe If 200 14,000 | 2,800,000 1,700 | 340,000
‘ ' Pipe excavation cy 5.00 52,900 264,500 6,460 32,300
; l Pipe backfill cy 3.00 49200 | 147,600 5950 | 17,850
|
Channel excavation & form If 8.00 - - 46,740 | 373,920
, l Inlet structure with weir Is 5.000 1 5,00 2 10.000
Outlet structure Is 5,000 8 40,000 9 45,000
. \
l Subtotal 3.257,100 819,070
Contingency, PED. E. S&A % 323 1,052,040 264,560
' TOTALS i gl ool 4,309,100 -1 1,083,600
NET SAVINGS 3,225,500




VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: F-75
PAGE NO.: 1 of 8
DESCRIPTION: Construct levees in a natural landform
CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

In the original concept, the north and perhaps the south levees will be constructed with 8 fi top
widths and 1 ft on 2 ft side slopes. The riverside of the levees will have 15-in riprap armor and a
toe down of 7 ft to 15 ft.

PROPOSED CONCEPT:

The proposed concept would construct the levees with a varying total width of 1 ft on 4 ft and
1 ft on 5 ft slopes and a top width of 12 ft with no riprap or riprap toe down.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE

OF O&M COSTS COSTS
ORIGINAL CONCEPT $34,780,000 ' - $34,780,000
PROPOSED CONCEPT , $30,892,200 . $30,892,200
SAVINGS £3,887,800 - $3,887,800
I'sr 4-41




V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-75
PAGE NO.: 2 of | 8

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e The levees will still provide 100-yr flood control protection.

¢ This proposal will use some of the excess material which would be stock piled from ﬁhe
excavation.

¢ With the low flow velocities at the levees and the repositioning of cottonwood/wﬂlows
the riprap and toe down riprap is not required. ‘

DISADVANTAGES:

e None apparent. However, more hydraulic analysis is needed to make sure the proposal
works.

JUSTIFICATION:

The intent of this recommendation is to provide a beneficial use of some of the excess excavétion
by putting additional material on the north side levee. This would be done in such a manner to
make the levee look more like a natural landform.
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-75
PAGE NO.: 3 of 8

DISCUSSION

The value team feels that the levee flood protection would be more appealing to the local
residents if they were constructed to a more natural appearance. This recommendation would use
more of the excavated material from the project, thus requiring less stock piling. With a broader
levee, the riprap and riprap toe down would not be required. The cottonwood/willow riparian
corridor planted at the toe of the levee would provide protection during the high flows when the
levees would be in use.

This proposal assumes that real estate is not a concern, and that an expanded levee toe toward the
river would be covered with existing real estate.
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: 'F-75
PAGENO.: 4 of 8

ORIGINAL CONCEPT — SKETCH
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: F-75
PAGE NO.: 5 of 8

PROPOSED CONCEPT — SKETCH
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VALUE ENGINEERING STUDY

PROPOSAL NO.: F-75
PAGENO.: 6 of 8

ORIGINAL CONCEPT — CALCULATIONS

From MCACES Quantities and Estimate

Clearing and grubbing $50,000
Compacted fill levee 141,000 cy
Toe excavation and backfill 358,000 cy
Riprap slope protection 87,600 tons
Interior drainage (24-in RCP) 1,550 If
Inlet structures Sea

Outlet weir structures Sea
Excavation and stock pile 4,572,500 cy

(added quantities from MCACES estimate for Alternate 3.5)
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VALUE ENGINEERING STUDY

PROPOSAL NO.: F-75
PAGE NO.: 7 of 8

PROPOSFED CONCEPT — CALCULATIONS

Based on MCACES Quantities and Estimates

Clearing and grubbing — assume 50% increase
Compacted fill levee — assume 50% increase

Toe excavation and backfill

Riprap slope protection

Interior drainage (24-in RCP) assume 30% increase
Inlet structures

Outlet weir structures

Reduced excavation and stock pile (E & S)

Reduced excavation & stock pile

$75,000
211,500 cy
Ocy

0 tons
2,0151f
5ea

Sea

211,500 cy — 141,000 cy
= 70,500 cy

4,572,500 cy - 70,500 cy
=4,502,000 cy

rsr
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V ALUE ENGINEERING STUDY

PROPOSAL NO.:
PAGE NO.: 8

COST SAVINGS ESTIMATE

F-75
of i 8

Proposed Concept

Original Concept

Clearing and grubbing Is 1 50,000 1 { 75,000
Compacted fill levee cy 3.00 141,000 423,000 211,500 | 634,500
Toe excavation and backfill cy 5.00 358,000 | 1,790,000 0 -
Riprap slope protection tons 12.00 87,600 | 1,051,200 0 -
Interior drainage If 40.00 1,550 62,000 2,015 804600
Inlet structures Is 5,000 5 25,000 5 25,000
Outlet structures Is 5,000 5 25000 51 25,000
Excavation ¢y 5.00 | 4,572,500 122,862,500 | 4,502,000 |22.510.000
Subtotal 26,288,700 23,350,1004
Contingency, PED, E, S&A % 323 8,491,300 7,542,100
TOTALS ’ 34,780,000 2,200
NET SAVINGS 3,887,800
All costs from project MCACES Report and MCACES Database except if noted below:
1. Levee contingency at 15% in lieu of 20%
2. Excludes real estate costs
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VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios
PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: H-02
PAGE NO.: 1 of 9
DESCRIPTION: Eliminate riprap and armor levee with live materials

CRITERIA CHALLENGE: = Yes CRITERIA NO.:

ORIGINAL CONCEPT:
The original concept would armor the levee with riprap to protect from scouring flows.

PROPOSED CONCEPT:

The proposed concept would eliminate riprap including toe excavation and backfill and protect
from scour using soil bioengineering methods and avoiding root exclusion zones.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE
OF O&M COSTS COSTS
ORIGINAL CONCEPT $3,901,000 - ' $3,901,000
PROPOSED CONCEPT | $61,8000 . $61,8000
SAVINGS $3,839,200 - $3,839,200 r
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-02

PAGENO.. 2 of 9

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e Adds new habitat element (upper riparian)
e Self maintaining once established

e Aesthetically appealing
DISADVANTAGES:
e Requires temporary irrigation to establish vigorous vegetation

JUSTIFICATION:

The proposed concept achieves the project objectives by adding valuable new habitat while
protecting property and infrastructure. ' :

i
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-02
PAGE NO.: 3 of 9

DISCUSSION

The conditions at this site are amenable to using soil bioengineering methods to protect the levee.
Channel velocities are generally low (<8 fps) in the project reach. The velocities at the bank are
substantially lower. There are dozens of bioengineering methods that are used in similar
applications. All share the following characteristics:

o Soil strengthening through root reinforcement. Well developed root systems can increase
soil shear resistance by a factor of two.!

¢ Soil strengthening through mechanical buttressing.

o Hydraulic roughness to lower flow velocity at bank and direct scouring flows to the
center of the channel.

Bioengineering methods range from purely vegetative: live fascines, brush layering, live staking
and simply dense planting to hybrid structures including engineering materials such as geogrid,
riprap or geoweb.

In this project, a purely vegetative approach would provide adequate slope protection while
adding considerable upper riparian habitat. Mesquite, quailbush, and rabbitbush vegetation
would work well. The practice is to plant young rooted stock on the slope and supply drip
irrigation until established. Vegetated slopes are generally self maintaining and are replanted
only on areas where plant loss causes a large gap in cover.

This recommendation is consistent with CoE guidance for vegetative approaches to riverside
slope protection as described in EM 1110-2-1913.

As an alternate, the levee slope could be covered with landscape fabric to prevent penetration,
more soil added to flatten the slope and then planted.

: Gray & Sotir, Biotechnical and Soil Bioengineering for Slope Stabilization, Wiley &
Sons, New York, 1996, pp. 64-94.

"S l" 4-51 VE Recommendation




V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-02
PAGENO.: 4 of 9

ORIGINAL CONCEPT — SKETCH
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-02
PAGE NO.: 5 of 9

ORIGINAL CONCEPT — SKETCH

LASTS OF UPLAND/WESTLAND CRASSES FORSS SretugS
A

Typical Levee Section
Scale: 1in—-4 ft

I‘S l" ) 4-53 VE Recdmmendation




VALUE ENGINEERING STUDY

PROPOSAL NO.: ﬁ-oz
PAGE NO.: 6 of 9

PROPOSED CONCEPT — SKETCH
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-02
PAGE NO.: 7 of 9

PROPOSED CONCEPT — SKETCH

Alternate

e

Landscape
Fabric

Quail and rabbitbush near the top of the slope and mixed mesquite/shrub lower.
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V ALUE ENGINEERING STUDY i
PROPOSAL NO.: H-02 !
PAGENO.: 8 of 9
PROPOSED CONCEPT — CALCULATIONS l
e Length = 25000 '
e Average height = 7f | % oy
e Designed slope 2:1 7K — .
e Slope length l
s =  J7Ps142 = 156t
. Leves surfuceare i
A = 25000 ft x 15.6ft = 391,312 fi* (approximately 9 acres) l
]
]
i
l |
1
| i
1
1
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-02
PAGE NO.: 9 of 9

COST SAVINGS ESTIMATE

Original Concept |Proposed Concept
3]
Item . : ‘ |
Mid high levee
Toe excavation and backfilling cy 5.00 358,000 | 1,790,000 -
Riprap slope protection cy 12.00 87,600 | 1,051,200 -
Upland plantings acre 5,000* 0 0 45,000
Subrotal 2.841,200 45,000
Contingency, PED, E. S&A % 373 1,059,800 16,800
TOTALS 3,901,000 61,800
NET SAVINGS 3,839,20
All costs from project MCACES Report and MCACES Database except if noted below:
1. *Unit costs based on recent local experience
2.
L A -
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VALUE ENGINEERING STUDY :

PROJECT TITLE: Tres Rios
PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: H-25
PAGE NO.: 1 of 8

DESCRIPTION: Simplify the dewatering pipe route
CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

The original concept would convey the dewatering well water one mile up the gradient in a 36-in
steel pipe to the gravel pit lake, then divert the flow from the lake in a 36-in concrete pipe 1,200
ft long to a 3,000-ft long cottonwood/willow corridor. The flow from the cottonwood/willow

corridor is in 6,000 ft of trapezoidal channel to an open water marsh system.

PROPOSED CONCEPT:

The proposed concept is to convey the dewatering well water to the river bank in 1,000 ft of 36-
in steel pipe, then convey the water in 3,000 ft of 36-in concrete pipe from the bank to a
trapezoidal channel. The water would then be transported in 1,000 ft of trapezoidal channel
which is to be relocated to the cottonwood/willow corridor then on to the open water marsh

system.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE
| OF O&M COSTS COSTS
ORIGINAL CONCEPT | $1,909,100 - $1,909,100
PROPOSED CONCEPT $908,100 - $908,100
SAVINGS ; $1,001,000 .| $1,001,000
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-25
PAGENO.: 2 of 8

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e Reduces construction effort

e Achieves goal of delivering flow to south open water marsh

e Maintains habitat units

o Still allows for blending of Salt River Project (SRP) tailwater from the southwest

o Simplifies the south side water delivery system
DISADVANTAGES:
o Decreases water exchange in the gravel pit lake

JUSTIFICATION:

The proposed change reduces the length of the dewatering well water conveyance system by
50 percent and thus reduces total construction. The changes do not delete any habitat areas and
maintains the habitat unit goal. The changes accomplish the goals proposed for the Tres Rlo)s

south side features.
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-25
PAGE NO.: 3 of 8

DISCUSSION

The purpose of the dewatering well delivery system is to collect the water from the dewatering
wells at the 91 Avenue wastewater treatment plant and to provide a delivery system to the Tres
Rios habitat features located on the south side of the Gila River. The dewatering well delivery
system allows the dewatering well water to be put to beneficial use in Tres Rios.

The original concept involved pumping the water up the gradient to an existing gravel pit and
then using a gravity flow system to the south side habitat features. The original concept included
5,280 ft of 36-in steel pipe, 1,200 ft of 36-in concrete pipe, and 6,000 ft of trapezoidal channel.
This is a total of 12,480 ft of conveyance system. The original concept also provided for
blending of the dewatering well flow with the irrigation spillway discharge that enters the Tres
Rios area from the southeast. The flows would be co-mingled in the trapezoidal channel prior to
entering the first open water marsh feature on the south side.

The proposed changes accomplish most of the goals of the original concept. However, the
proposed changes result in a shorter delivery system. The proposed changes alter the delivery
system to include 1,000 ft of 36-in steel pipe, 4,000 ft of 36-in concrete pipe and 4,000 ft of
trapezoidal channel. This is a total of 6,000 ft of conveyance system and reduces the overall
length by 50 percent. This results in less construction and construction time. The proposed
changes relocates the cottonwood willow corridor to the west from the original location and
places it closer to the first open water marsh in the south side system. This maintains the habitat
features and associated habitat units.

The proposed changes do not provide for the exchange of water in the gravel pit lake. Water
from the proposed upstream projects could be directed into the gravel pit lake in the future and
would provide water exchange in the lake.
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-25
PAGENO.:. 4 of 8

ORIGINAL CONCEPT — SKETCH l
one mile of 36-in I
steel pipe
Dewatering .
wells
1,200 ft ¢ l
f6-in concrete
Open Water 3,000 ft '
Marsh Cottonwood/ :
Willow Con?idor )
™ 6,000 ft trapezoidal : ‘ l
channel ‘
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-25
PAGE NO.: 5 of 8

PROPOSED CONCEPT — SKETCH

sketch
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-25
PAGENO.: 6 of 8

ORIGINAL CONCEPT — CALCULATIONS

Dewatering well system 36-in steel pipe

36-in pipe = 5,280 ft

Trench = 3.71 cy/ft => 19,600 cy

Backfill = 3.47 cy/ft => 18,300 cy
Dewatering well system 36 inch concrete pipe

36-in pipe = 1,200 ft

Trench = 3.75 cy/ft =>  4500cy

Backfill = 3.5 cy/ft => _ 4200cy
Trapezoidal channel soft side '

Clearing and grubbing = one lump sum

Grading and shaping = 3.0 acres

Excavation and stockpile = 11,600 cy

Vegetation planting = 1.0 acres
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l PROPOSAL NO.: H-25
PAGE NO.: 7 of 8
. PROPOSED CONCEPT — CALCULATIONS
l Dewatering well system 36-in s.eel pipe
' 36-in pipe = 1,000 ft
: Trench = 3.71 cy/ft => 3,800 cy
l Backfill =  347cyA =  3,500cy
Dewatering well system 36 inch concrete pipe
l 36-in pipe = 4,000
Trench = 3.75 cy/ft => 15,000 cy
' Backfill = 35cyt =  14,000cy
Trapezoidal channel soft side 1/6 original concept
l Clearing and grubbing = onelumpsum = 50,000/6 = 8,300
Grading and shaping = 0.5 acres 3/6 = 0.5
' Excavation and stockpile = 270 cy = 11,600/6 = 1,930
Vegetation planting = 0.2 acres 1/6 = 0.2
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-zs
PAGENO.: 8 of 8

COST SAVINGS ESTIMATE

Original Concept

36-in steel pipe ft 200.00 5,200 | 1,040,000 1,000 | 200,000

Trench cy 5.00 19,600 98,000 3,800 19,000
Backfill cy 3.00 18.300 54,900 3.500 10,500
36-in concrete pipe fi 80.00 1,200 96.000 4,000 | 320J000
Trench cy 5.00 4.500 22,500 15,000 75,000
Backfill cy 3.00 4,200 12,600 14,000 42,000

Trapezoidal channel soft

Clearing and grubbing Is 50,000 1 50,000 1/6 8.300
Grading and shaping acre 2,500 3 7.500 0.5 1.250
Excavation and stock pile cy 5.00 11,600 | ~ 58.000 1,930 9.650
Vegetation planting acre 3,500 1 3.500 0.2 700
Subtotal 1,443,000 686,400
Contingency. PED, E, S&A % 323 466,100 221,700

TOTALS 1,909,100 90#,100
i |
NET SAVINGS | 1,001,000
All costs from project MCACES Report and MCACES Database except if noted below:
1.
2.
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V ALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: H-27
PAGE NO.: 1 of 11
DESCRIPTION: Increase the height of the levee and reduce scheduled maintenance

CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

One of the project functions is flood protection of riverside land and development including the
Holly Acres development. The original project concept to effect this is a levee from the existing
Flood Control District (FCD) levee at El Mirage Road to a terminus near Dysart Road. The
planned levee height is to provide 100-yr protection with freeboard as required by FEMA
standard. '

PROPOSED CONCEPT:

The proposed concept is a higher levee that provides more freeboard. The extra freeboard results
in significant benefits. For cost estimating purposes, one foot is assumed as added height.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE

OF O&M COSTS COSTS
ORIGINAL CONCEPT $589,000 $869,000 $1,458,000
PROPOSED CONCEPT $704,400 $435,000 $1,139,400
SAVINGS $(115,400) ©$434,000 - $318,600
Irsr 4-67




V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-27

PAGE NO.: 2 of
ADVANTAGES & DISADVANTAGES

11

ADVANTAGES:

¢ Provides more protection to river side of the property
o Increases sediment depth allowed prior to maintenance being needed
e Provides useful place for surplus excavation material

e Provides factor of safety for highly unknown/variable/difficult to predict sediment
parameter

DISADVANTAGES:

e Increased construction cost for levees (increased earthwork volume)

e Possible trouble with CoE approval — approval is for 100-yr elevation

JUSTIFICATION:

The increased benefits of the proposed concept outweigh the added construction cost. The ad
construction cost will be relatively small. On a life cycle basis, savings in operation and
maintenance costs will be significantly more than the construction cost increase. The levee
maintenance costs in the feasibility report are too low.

ded
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-27
PAGE NO.: 3 of 9

DISCUSSION

It appeared unclear to the value team how the proposed change would result in a lower
maintenance cost. One team member suggested that increasing the time period between
maintenance activity would be a burden to the maintenance agency — FCD. He suggested FCD
would try to plan annual maintenance efforts at a frequency close to annually would be most cost
effective. FCD disagrees. By raising levee height, freeboard is added to the levee. All added
freeboard can be used to contain sediment that washes into the river during flood events. FCD
has made the point that sediment transport is an important parameter in the project. First, it has
not been analyzed. Further, it will be very difficult to analyze and predict accurately as there are
three rivers involved in the analysis.

Considering the difficulty in predicting depth of sediment, more freeboard is warranted. What if
sediment depth is far greater than anticipated? The project could lose 100-yr frequency
protection on the levee shortly zfter construction, requiring a big maintenance effort to restore it.
It is prudent to build the project with a safety factor to prevent this scenario. In this case, this
safety factor is not costly. Currently, the project shows a great surplus of excavated soil. Rather
than wasting it, the soil can be put to beneficial use in the levee. There is essentially no hauling
to bring it to the levee because it is on site.

As for annual. periodic trips to the river for maintenance, it is to be avoided. The point of the
project is river management — not maintenance. By staying out of the river, maintenance costs
are reduced. The feasibility report greatly under-estimates maintenance. Mobilization and labor
are the biggest components. More trips to the river increase these costs. The proposed change
lowers life cycle costs.
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-27
PAGENO.: 4 of 9

ORIGINAL CONCEPT — SKETCH
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Reference: Feasibility Report, Figure 5.6, and “Flood Control Levee, p. VI-6. l
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-27
PAGE NO.: 5 of 11

PROPOSED CONCEPT — SKETCH
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VALUE ENGINEERING STUDY

PROPOSAL NO.:
PAGE NO.: 6 of

ORIGINAL CONCEPT — CALCULATIONS -
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Reference: Feasibility Report, Figure 5.6, and “Flood Control Levee, p. VI-6.
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-27
PAGE NO.: 7 of 11

ORIGINAL CONCEPT — CALCULATIONS

The following table shows the annual costs incurred by the Flood Control District for the Holly
Acres levee over the past four years.

Maimenance Coste for Sait/ Gita Conwrol Works
Holtv Acres

[Esacai Year|_¥CO Hours TFED Labor Costal CSC Hours| CSC Costs[Total Labor Hours
{iwee1er| 25700 ’ 372963 | 3800 | sa213 29300
Caeeraems| 28125 | 3447649 s | N6 sT8075
Cssaaee9 52800 | 3850302 53000 | $387.50 $1.058.00 ;

19592000 28806 | 847133 . 13650 ! $101.63 42350 i

4 Year Avonz:

1Average FCD Hours : 338 56 {Average CSC Hours 295.2%
|Average FCD Costs | 8535556  |Average CSC Coms 22n
iAvoruqe Equipment Costs ; $1.631.01 ‘Anugo Material Costs ! $4.826.00

{2 vear Average LaDor. Equipmant and Material Casts $12.035.38

Tres Rios will require substanitally more as currently planned. Assume that annual costs will
increase by a factor of five.

Annual costs = $12,000 x 5 = $60,000

Ll
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V ALUE ENGINEERING STUDY 1
PROPOSAL NO.: H-27 .
PAGE NO.: 8 of 11
PROPOSED CONCEPT — CALCULATIONS l
By raising the levee one foot, it is assumed that this will extend the required maintenance cycle l
by one year.
If the annual costs equal $60,000 in the original concept, then the bi-annual costs would equal '
$60,000 in the proposed concept.
Annualized = $60.000 = $30,000 l
2
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-27
PAGE NO.: 9 of 11

PROPOSED CONCEPT — CALCULATIONS
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V ALUE ENGINEERING STUDY

PROPOSAL NO.:
PAGENO.: 10

COST SAVINGS ESTIMATE

of 11

Original Concept |Proposed Concept
Measuré T 50
Levee embankment fill cy 3.00 143,000 429,000 171,000 | 513,000
Subtotal 429,000 51310004
Contingency, PED. E, S&A % 37.3 160,000 191/400)
TOTALS |+ 589,000 704400
NET SAVINGS (115,400)
All costs from project MCACES Report and MCACES Database except if noted below:
1. Estimate has 141,000 cy fill
2.
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VALUE ENGINEERING STUDY

LIFE CYCLE COST ANALYSIS

PROPOSAL NO.: H-27
PAGENO.: 11 of 11

LIFE CYCLE PERIOD 50 YEARS ANNUAL PERCENTAGE RATE = 6.625%
INITIAL COSTS PRESENT DESIGN PROPOSED DESIGN
{PRESENT WORTH) (PRESENT WORTH)
Base Cost A ‘
SUB-TOTAL
SINGLE YEAR PRESENT PRESENT DESIGN PROPOSED DESIGN
EXPENDITURE WORTH
" FACTOR
ESTI- PRESENT ESTI- PRESENT
MATE WORTH MATE WORTH
Salvage
SUB-TOTAL
ANNUAL YEARS PRESENT PRESENT DESIGN PROPOSED DESIGN
EXPENDITURE WORTH
FACTOR
ESTI- PRESENT ESTI- PRESENT
MATE WORTH MATE WORTH
O&M 50 14.484 60,000 869.000 30,000 435,000
Energy
SUB-TOTAL 869,000 435,000
TOTAL PRESENT WORTH
LIFE CYCLE SAVINGS 434,000
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VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: H-28
PAGE NO.: 1 of 6
DESCRIPTION: Locate all open water marshes to avoid lining

CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

As described in the Feasibility Report, the original concept has all open water marshes lined with
clay or soil. The location of open water marshes is determined primarily to eradicate salt cedar.

PROPOSED CONCEPT:

The proposed concept locates open water marsh areas along the highest ground water to allow
co-mingling; thereby, avoiding the need for soil/clay lining.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE

OF O&tM COSTS COSTS
ORIGINAL CONCEPT $3,330,900 - $3,330,900 |
PROPOSED CONCEPT $0 - $0
SAVINGS $3,330,900 - $3,330,900
rsr 4-79




V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-28
PAGE NO.: 2 of 6

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e Locates open water areas along probable thalweg, improving conveyance and sediment
transport

e More nearly mimics natural system
¢ Eliminates conveyance pipeline

e Provides for mixing of dewatering well and Salt River Project (SRP) irrigation water

o Meets Gila River Irrigation Company desire for both open water and cottonwood/willow
on their bank

i

e Groundwater-fed pools are cooler, improving fish and other aquatic life survivability

DISADVANTAGES:
e Will have seasonal (not diurnal) variations in depth

JUSTIFICATION:

The proposed change provides improved conveyance and sediment transport while achieving a
more natural flow and habitat configuration.

rsr 4-80 VE Recommenda}‘ion
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-28
PAGE NO.: 3 of 6

DISCUSSION

In this recommendation, the two eastern most open water marshes on the south bank are
relocated to the north west. A cottonwood/willow corridor is established in their place. The
location of the other open water marsh features is essentially unchanged. The recommended
configuration places open water marshes at near-surface groundwater and in an alignment in
general accordance with William Graf’ s' probable location of the thalweg. The likelihood of
maintaining open channels to convey flows is improved. Aligning open water marshes with the
thalweg also improves sediment transport capacity.

Placement over near-surface groundwater eliminates the need to line the open water marsh. The
cottonwood/willow complex along the south bank protects it from erosion and directs scouring
flows to the center of the channel. This recommended configuration also includes shortening of
the dewatering pipeline. The SRP flow and water from the dewatering well mix in a small
additional wetland area.

' = William L. Graf, Patricia J. Bever, and Thad A Waskiewicz, Geomorphic Assessment of

the Lower Salt River. Central Arizona, Department of Geography, Arizona State
University, Tempe, Arizona, October 1994.
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-28
PAGE NO.: 4 of 6
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ORIGINAL CONCEPT — SKETCH . '
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-28
PAGE NO.: 5 of 6

PROPOSED CONCEPT — SKETCH
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V ALUE ENGINEERING STUDY

PROPOSAL NO.:

| PAGENO.: 6 of
COST SAVINGS ESTIMATE

Original Concept

Proposed Conce

Dewatering well |
36-in steel pipe If 200 5,200 | 1,040,000 |
Pipe and trench excavation cy 5.00 19,600 98,000
Pipe trench backfill cy 3.00 18.300 54,900
36-in pipe from gravel pit lake
36-in concrete pipe If 80.00 1.200 96.000
Pipe trench excavation cy 5.00 4,500 22,500
Pipe trench backfill cy 3.00 4.200 12.600
Open water marsh topsoil lining cy 10.00 60.100 601,000
Open water march north cy 10.00 57.000 570.000
Subtotal 2,495,000
Contingency. PED, E. S&A % 32.3 805,900

TOTALS | 3,300,900
NET SAVINGS 3,300,900
All costs from project MCACES Report and MCACES Database except if noted below:
I.
2.
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VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios
PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: H-30
PAGE NO.: 1  of 8
DESCRIPTION: Plant northwest area in cottonwood/willows and eliminate stringers

CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:
The original concept includes a 36-in steel pipe that conveys water from the overbank wetlands
to cottonwood/willow corridors on the west end of the project.

PROPOSED CONCEPT:

The proposed concept would eliminate the pipe and discharge water directly to the river from the
overbank wetlands. The downstream north bank has areas of seepage. Planting moist areas with
cottonwood/willows as planned would achieve habitat. If drier areas are encountered farther
uphill, mesquite bosques would be planted.

SUMMARY OF COST SAVINGS
FIRST COST PRESENT WORTH LIFE CYCLE
OF O&M COSTS COSTS
ORIGINAL CONCEPT $8.434,200 $236,000 $8,670,200
PROPOSED CONCEPT | $1,438,500 $0 | $1,438,500
SAVINGS l $6,995,700 $236,000 | $7,231,700
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-30
PAGENO.:. 2 of @ 8

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e Addresses potential vector problem by concentrating plantings (particularly willows) <pn
damp areas, thereby allowing surface drying

e Takes advantage of existing bank/channel morphology
DISADVANTAGES:
¢ None apparent

JUSTIFICATION:

The proposed change achieves project objectives while simplifying configuration.
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-30
PAGE NO.: 3 of 8

DISCUSSION

In this recommendation, the cottonwood/willow habitat is established without permanent
supplemental water from the overbank wetlands. In the original concept, the water was delivered
to the cottonwood/willow stringers to eliminate perched surface water and encourage drainage;
thereby eliminating an existing vector problem. In the proposed concept, surface drainage is
accomplished by dense willow plantings or fascines. The rapid growth of willows and their fine
shallow roots provide surface drying without interfering with the deep buttressing root
architecture of the cottonwood. If very seepy areas are encountered, the willow fascines can be
arranged in pole drain configuration. This approach maintains the desired riparian habitat while
simplifying the design. This results in a more robust self adjusting system.
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" VALUE ENGINEERING STUDY

PROPOSAL NO.: H-30
PAGE NO.: 5 of 8

PROPOSED CONCEPT — SKETCH

Habitat same as original concept sketch
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-30
PAGENO.. 6 of 8

PROPOSED CONCEPT — CALCULATIONS

Willow fascine pole drains
Assume drain area of approximately 8,000 sf
Place central drains 200 ft apart
Approximately 40 drain systems
Central drain 100 ft long, lateral drains 8 ft apart and 20 ft long

Each drain system will have 24 laterals/central drain, 580 ft of fascine/system x 40 = 23,200
If

Approximately $9/1f

$5,220/fascine, assuming locally harvested willow.

Excavation quantity for installation of willow pole drains
For each pole drain. main stem - trenching
100 ft long x 2 ft diameter x 1 ft deep = 20 ft*/side stem
24 side stems/pole drain = 480 ft’

To trench in one pole drain system

00 ft* + 480 f° = 880 ft°
40 pole drain systems = 35,200 f° = 1304 cy
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VALUE ENGINEERING STUDY

PROPOSAL NO.:
PAGE NO.: 7

COST SAVINGS ESTIMATE

H-30
of 8

Original Concept |Proposed Concept
== ‘._.f', s "_'-"‘W“ “““ 2wt G&%‘W
=51
Pipeline from wetlands to corridor Is 3.258.100 0
Dependent riparian corridors
C & G, grading, vegetation and 872,000 872,000
revegetation
Excavation and stock pile cy 5.00 | 342.600 | 1,713,000 1305 6525
Topsoil lining cy 10.00 53,200 | 532,000 - 0
Willow fascine pole drains If 9.00 - 0 23.200 | 208,800
Subtotal 6,375,100 1,087,325
Contingency, PED, E. S&A % 373 2,059,100 351,200
TOTALS 8,434,200 1,438,500
NET SAVINGS 6,995,700
All costs from project MCACES Report and MCACES Database except if noted below:
1.
2.
A fad
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PROPOSAL NO.: H-30
PAGENO.: 8 of 8
LIFE CYCLE COST ANALYSIS
LIFE CYCLE PERIOD 50 YEARS ANNUAL PERCENTAGE RATE = 6.625%
INITIAL COSTS PRESENT DESIGN PROPOSED DESIGN
(PRESENT WORTH) (PRESENT WORTH)
Base Cost
SUB-TOTAL _
SINGLE YEAR PRESENT PRESENT DESIGN PROPOSED DESIGN
EXPENDITURE WORTH
FACTOR
ESTI- PRESENT ESTI- PRESENT
MATE WORTH MATE WORTH
Salvage
SUB-TOTAL
ANNUAL YEARS PRESENT PRESENT DESIGN PROPOSED DESIGN
EXPENDITURE WORTH
FACTOR
ESTI- PRESENT ESTI- PRESENT
MATE WORTH MATE WORTH
O&M 50 14.484 16,291 236,000 0 0
(generalized at
Y¥2%/vear of
capital cost of
pipeline)
SUB-TOTAL 236,000 0
TOTAL PRESENT WORTH 236,000 0
LIFE CYCLE SAVINGS 236,000
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V ALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: H-58
PAGE NO.: 1 of 7
DESCRIPTION: Develop plant nurseries within the project area

CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

The original concept was not specified. It is assumed that purchasing local plant stock for initial
construction of vegetated areas would be required to avoid salt cedar invasion into cleared areas.

PROPOSED CONCEPT:

The proposed concept would be to develop a plant nursery to propagate both wetland and
riparian desired species for project construction and operation and maintenance needs in the
future. Surplus would be available to other local projects and would create a revenue source to
offset continued operation and maintenance costs.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE
OF O&tM COSTS COSTS
ORIGINAL CONCEPT §793,800 - §793,800
PROPOSED CONCEPT $73,200 ] $73,200
SAVINGS $720,600 - $720,600
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V ALUE ENGINEERING STUDY

PROPOSAL NO.: H-58
PAGE NO.: 2 of 7

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e Supply project needs for wetland and riparian plants
e Supply other projects (internal and external) as needed
o Experiment with different native species in a controlled manner

e Create revenue source to offset capital and O&M costs

o Gives project staff ability to manage genetic sources of stock
e Response time would be improved after O&M events

e Recovery time would be increased to flood event plant disturbance

e Ability to experiment with different species in a controlled manner to determine phyto
accumulation benefits for water treatment and eco-indicators for water quality

DISADVANTAGES:

e Additional O&M cost (revenue to offset)

e More management needed to oversee nursery operation

JUSTIFICATION:

The advantages appear to outweigh disadvantages. Irrespective of cost of the project, quality
benefits make this a suitable option for implementation or inclusion in the project plan. ‘
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-58
PAGE NO.: 3 of 7

DISCUSSION

The value team believes that the creation of a wetland and riparian plant nursery for the Tres
Rios project and other associated projects would be very cost effective. The species of
vegetation to be used can be controlled and the quality assured. Replacement vegetation that has
died or is experiencing stress can be quickly replaced. Other City of Phoenix riparian habitat
projects as well as city parks and other governmental agencies can benefit. Not only will the
initial vegetation costs be saved, but also the annual O&M costs can be saved.

Additionally, the value team believes that this nursery may provide a revenue source in the range
of $28,000 to $60,000 per year depending on demand.
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'VALUE ENGINEERING STUDY

PROPOSAL NO.: H-58
PAGE NO.: 4 of 7

PROPOSED CONCEPT — SKETCH
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-58
PAGE NO.: 5 of 7

ORIGINAL CONCEPT — CALCULATIONS

$1.8 million budgeted for planting
1:2 ratio anticipated between plant cost and labor cost

therefore, $600,000 value on plant cost
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VALUE ENGINEERING STUDY

PROPOSAL NO.: H-58
PAGE NO.: 6 of 7

PROPOSED CONCEPT — CALCULATIONS

275 sf greenhouse construction (with some automated features): $25,000

(1) staff person Water Services $50,000 (with support from both Park Recreatlon and lerary
Department (PRLD) staff as well as other Water Services staff
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VALUE ENGINEERING STUDY

PROPOSAL NO.:

H-58

PAGE NO.: 7 of 7
COST SAVINGS ESTIMATE

Original

T Sy
o S 3

Concept

Proposed Concept

Earthwork cy 5.00 1,100 5,500
2-in irrigation vaives ea 115.00 8 920
2-in irrigation inlets ea 100.00 24 2,400
PVC pipe If 15.00 1,260 | 18,900
Shade cloth - sf 1.10 2,600 2,860
Greenhouse sf 90.00 275 | 24,750
Subtotal estimated 600,000 55,330
Contingency. PED, E. S&A % 323 193,800 17,871
TOTALS : 793,800 73,200
NET SAVINGS 720,600

All costs from project MCACES Report and MCACES Database except if noted below:

1.

2.

Isr
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VALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

PROPOSAL NO.: OM-33
PAGE NO.: 1  of 6
DESCRIPTION: Use hydraulically designed system that eliminates mechanical controls.

CRITERIA CHALLENGE: No  CRITERIA NO.:

ORIGINAL CONCEPT:

The original concept includes regulating basins, overbank wetlands and open water marsh, and
utilizes gates/valves at the inlet and outlet of each basin. The overbank wetlands also include
drain valves to facilitate basin maintenance.

PROPOSED CONCEPT:

The proposed concept use hydraulic features (overflow weirs, headwalls) to eliminate valves and
gates wherever practical. In all remaining cases, activation is reduced and replaced by
automation where practical. Additionally, consideration needs to be given to a bypass for
overbank basins.

SUMMARY OF COST SAVINGS

FIRST COST PRESENT WORTH LIFE CYCLE

OF O&M COSTS COSTS
ORIGINAL CONCEPT ' $119,100 $1,205,100 $1,324,200
PROPOSED CONCEPT $542,200 - $0 | $542,200
SAVINGS §(423,100) $1,205,100 | $782,000
I'sr 4-101




V ALUE ENGINEERING STUDY

PROPOSAL NO.: OM-33
PAGE NO.: 2 of 6

ADVANTAGES & DISADVANTAGES

ADVANTAGES:

e Reduced capital cost potential

e Reduced system complexity

e Fewer maintenance points

e (For overbank bypass) Allows service of single basin

e Fewer valves means reduced calibration effort
DISADVANTAGES:

¢ (For overbank bypass) Adds some capital cost for channel

o (For overbank bypass) Adds to land requirement in river
e Reduced field adjustment capability

e Beaver may be attracted to weirs

JUSTIFICATION:

Reducing the number of values will lower capital and O&M costs. Without the overbank bypass,
all of the basins must be offline to service just one.

l" S r 4-102 VE Recommenda%ion




VALUE ENGINEERING STUDY

PROPOSAL NO.: OM-33
PAGE NO.: 3 of 6

DISCUSSION

For the overbank basins, a single control gate at the regulating basin would be installed to

modulate flow to these basins. Drain valves on basins are still required but pinch or eccentric |
plug valves may prove better than gate valves due to solids handling and reduced sticking |
potential. The flow from basin to basin would be via a static headwall with overflow weir to a
pipe. A bypass channel would permit bypassing of any or all basins. Stop log guides in each
weir would also facilitate single-basin maintenance. Spilling over headwall could add dissolved
oxygen to water and waterfall sounds.
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PROPOSAL NO.: OM33
PAGENO.. 4 of @6

PROPOSED CONCEPT — SKETCH
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l PROPOSAL NO.: - OM-33
PAGE NO.: 5 of 6
} COST SAVINGS ESTIMATE
' Original Concept |Proposed Concept
' Total= | Otianfity
' 18 90,000
Concrete headwall with weir ea 5,000 9 45,000
l Earthen channel cy 8.00 45,600 | 364,800
Subtotal 90,000 409,800
Contingency, PED. E. S&A % 32.3 29,100 132,400
TOTALS : 119,100 SR | 542,200
NET SAVINGS (423,100)

All costs from project MCACES Report and MCACES Database except if noted below:

1.

2.
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PROPOSAL NO.: - OM-33 '
PAGE NO.: 6 of 6
LIFE CYCLE COST ANALYSIS '
LIFE CYCLE PERIOD 50 YEARS ANNUAL PERCENTAGE RATE = 6.625% l
INITIAL COSTS PRESENT DESIGN PROPOSED DESIGN
(PRESENT WORTH) (PRESENT WORTH) '
Base Cost
SUB-TOTAL l
SINGLE YEAR PRESENT PRESENT DESIGN PROPOSED DESIGN
EXPENDITURE WORTH
FACTOR
ESTI- PRESENT ESTI- PRESENT ‘
MATE WORTH MATE WORTH l
Salvage l
SUB-TOTAL '
ANNUAL YEARS PRESENT PRESENT DESIGN PROPOSED DESIGN , '
EXPENDITURE WORTH |
FACTOR l
ESTI- PRESENT ESTI- PRESENT
MATE WORTH MATE WORTH ,
O&M (1 man year) 50 14.484 83,200 1.205,100 l
Energy .
SUB-TOTAL 1,205,000 0 '
TOTAL PRESENT WORTH 1,205,000 0 l
LIFE CYCLE SAVINGS 1,205,100
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V ALUE ENGINEERING STUDY

PROJECT TITLE: Tres Rios

PROJECT LOCATION: Phoenix, AZ

DESIGN SUGGESTIONS

In addition to the recommendations in the previous section, the team identified several issues as
design suggestions. These are presented to bring attention to areas of the design which, in the
opinion of the team, should be changed for reasons other than cost, such as:

e improved operation
e ease of maintenance |
e easier construction

o reduced risk of construction claims

o clarification of construction documents

e or safer working conditions.

It is recommended that these issues be reviewed for their potential benefit to the project and
possible cost savings.

F-36 Consider future flows

The value team feels that the design team needs to consider the effect of future water flows
(small), which will enter the Tres Rios project reach from the east and the Gila River to the
southeast. It appears that some of the analysis of the sources of water for the project (other than
the treatment plant) is based on data for historic flows. In the continuing design effort, the design
team should consider the small flows that will be contributed by the Rio Salado Oeste Project
and future flows related to the Gila River to the southeast. This will make sure that the Tres Rios
Project’s water sources aren’t oversized or undersized.

F-81 Geomorphology considerations

Professor William L. Graf, et. al. prepared a study, Geomorphic Assessment of the Lower Salt
River, Central Arizona, dated October 1994. The information in the report should be used to
inform design. Applied geomorphology, bioengineering and river engineering concepts should
be more fully incorporated in the design.

Information in Sections 1.4.3 and 2.1 summarizes the environmental significance and the riparian
ecology.
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On page 72 of the report, the authors discuss the probable location of the thalweg. This
information should be used to determine the main thread of the river. Probability maps are |
presented in Appendix 8.15. On page 47, they discuss sinuosity and gradient and the effects| on
the thalweg location. They also discuss the effect of gradient on sediment transport and bed |
materials. Sediment transport, degradation and deposition are also discussed on pages 33, 42

- and 79.

In general, the Salt River at the project location is transporting sediment through the system \by
scouring at flows between 15,000 to 40,000 cubic feet per second (page 72) and depositing at

lower flows or during falling flood levels. Careful location of river structures can be used to
influence sediment transport and the location of deposited material. For example, the plantings
near the banks of the river increase the hydraulic roughness. This dissipates energy, slows the
water and sediment drops out. The roughness on the bank forces the high velocity flows towhrd

the thalweg and transports sediment through that part of the system. This phenomenon will have

important implications in maintaining the desired depths of the open water areas.

The effects of the vegetation are similar to wing dams or rock vanes. In fact, live vanes can b}e
planted. Important design considerations for live woody guide vanes include the following: |
e  Woody vegetétion should be planted in groves. The interaction of the roots and woody
structure absorbs and distributes the flow energy. The groves should be of sufficient |
width for this interaction. The upstream trees may be damaged but not destroyed by ﬂood
waters.

o The grove should exhibit a diverse forest structure with both understory and canopy ‘
species. ‘

o The effects of the falling flood waters should be considered. Rising flood water will |
generally be parallel to the channel. Falling flood waters will have a component towatd
the thalweg.

e Gaps in the forest structure result in a hydraulic loss due to expansion. This can resulf
eddying or deposition. Forest structure should be reviewed for hydraulic impacts.

e Moving water flows perpendicular to a submerged or gapped structure. Live vanes cab be
oriented slightly upstream to direct flow away from the banks. Spacing of the vanes |
should be determined from hydraulics. The width of the vane influences the effectwe#ess
of the redirection. For example, thin vanes turn the flow sharply and with greater |
turbulence while wider vanes are useful in circumstances requiring more oblique flow/
lines and greater energy dissipation over the vane surface. Similarly to rock vanes, ;
asymmetrical vegetated vanes can be used to direct flow. |

e Vanes composed of shorter vegetation can be used as sills to manage sediment or mcxdlon
and direct flow. ~
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F-82 Evaluate the need for a pump station

The water supply for the wetlands and the habitat features on the north side of the Salt and Gila
Rivers is effluent from the 91 Avenue Wastewater Treatment Plant (WWTP). The original
concept for Tres Rios includes a pumping station to lift the water to the regulating wetlands,
which provides a constant rate water supply to the Tres Rios habitat features. The regulating
wetlands buffer the diurnal flow effects that occur as a result of influent to the WWTP. The
original concept for Tres Rios includes a 300 million gallon per day (mgd) pump station, 3,900
feet of 84-inch transmission main and the 184 acre regulating wetlands.

During the creative idea phase of the value engineering workshop, several topics were developed
to address:

e the need for a 300 mgd pump station
e the potential to use a gravity system to transmit the effluent to the regulating wetlands
e the sizing of the pump station

e how the pump station, regulating wetlands and overbank wetlands would function during
flood stages

These topics were raised because the needs and operation of the pump station were not clearly
defined. The purpose of this discussion is to summarize the need for the pump station, the |
operation of the pump station and the justification for the capacity.

The purposes of the 300 mgd pump stations are to provide the water supply for Tres Rios and to
protect the 91% Avenue Wastewater Treatment Plant (WWTP) during floods.

The pump station will be operated to transport the flow to the regulating wetlands in the 84-inch
pipeline. During non-flood periods, when the effluent entering the pump station exceeds the
needs of the regulating wetlands, the surplus effluent will be discharged to the Salt River through
a port in the pump station. During flood periods, the port in the pump station will be closed and
the pump station will be operated to pump all of the effluent over the flood protection levee and
into the Salt River. The pump station will not be used to pump effluent to the regulating
wetlands because the habitat features supplied by the regulating wetlands will be submerged and
the effluent water supply will not be needed.

The 300 mgd capacity was based on several factors. The first factor was the projection of
monthly and daily influent to the WWTP in 2025 accounting for peaking factors. This defined
the 300 mgd flow rate. The second factor was the assumption that the Arizona Nuclear Power
Project will not be diverting any effluent for cooling water. This would mean that the influent
flow would be equal to the effluent flow.

The 300 mgd capacity is required to accommodate the total effluent quantity during flood
periods. If the 300 mgd pump station is not incorporated into Tres Rios, the 91% Avenue WWTP
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operation could be impacted by flooding. This is not to say that floodwater would enter the plant
but rather that the effluent could not be discharged into the river via the effluent channel and the
resulting effluent backwater throughout the plant could impact WWTP operation. The function
of the pump station is really to protect the water supply for Tres Rios. Ifthe WWTP isnot |
protected it would not be feasible to guarantee the water supply would be available for Tres Rlos
and this guarantee is a requirement of the project sponsor. |

F-83 Use the gravel pit operators for construction and maintenance

i
|
|

The original concept for Tres Rios requires the excavation of riverbed materials to construct the -

open water/marsh habitat features, to construct the water distribution channels and to modify }the
morphology of the riverbed by removing the higher elevation portions within the thalweg
channel. The riverbed materials are primarily sand, gravel and cobbles. A portion of the
excavated materials will be used to construct Tres Rios habitat and flood control features and a
portion will require stockpiling. After Tres Rios is constructed, periodic maintenance will be
required. A part of the maintenance program will be to remove sediments transported into Tres
Rios by floods.

A proposed concept evaluated as a part of the value engineering workshop was to allow sand jand
gravel pit operators to mine the materials. In the future, it will become more difficult for san

and gravel pit operators to secure permits to develop new pits in the river channel. However, ras
the Phoenix area continues to grow the demands for aggregate materials will increase. The value
of a material source will also increase. Tres Rios could help meet a part of the demand for
materials.

This concept presents the opportunity to reduce the construction costs and maintenance costs.
During the construction, sand and gravel pit operators could be solicited to provide no cost
excavation services and receive the material in exchange. The pit operators could sell the
materials. The pit operators would have to operate within specific corridors defined as a part bf
the project design and conduct the excavation to achieve project design goals. During
maintenance, the pit operators would be directed to remove materials from specific areas
following defined access corridors.

The advantages associated with this concept are a potential reduction in excavation and
stockpiling costs during construction and a potential reduction in maintenance costs. The
disadvantage could be the time associated with a pit operator to excavate and remove matenals

A maintenance opportunity associated with the pit operator pamcxpatlon is the control of salt |
cedar. The design team needs to evaluate if sand and gravel mining could be incorporated mw a
salt cedar eradication and maintenance program. Mature vegetation could be removed as a part
of the construction phases and the young vegetation would be removed as a part of maintenance.

The Tres Rios design team should contact local sand and gravel pit operators to assess the
feasibility of implementing this proposal. The design team should verify the amount of materials
that the pit operators could anticipate using, the rate at which the materials could be excavated
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and removed and the projected value to the project of allowing the pit operators to provide this
service.

H-34 Modify cottonwood/willow complex to minimize cowbird nest parasitism

Neotropical migration birds including the southwestern willow flycatcher are among the critical
species for this project. These species are also vulnerable to nest parasitism by the brown-headed
cowbird. Neotropicals are adapted to nesting in dense forest and have no mechanism for
identifying and ejecting cowbird eggs. The adjacent open land, particularly the agricultural land,
is very good cowbird habitat. The degree to which the low number of willow flycatchers is
attributable to nest parasitism as opposed to other factors is unclear; however, the design of this
project should minimize the threat to nesting success by constructing willow/cottonwood habitat
in large dense blocks of greater than 25 hectare blocks. Thin strands of riparian forest provide
virtually no protection. Further, a monitoring program such as that developed at Roosevelt Dam
should be instituted and breeding success tracked to the extent practical should become a
permanent element of the management program.

Finally, we strongly encourage cooperative agreements with local/adjacent property owners to
develop cowbird unfriendly habitat. This, as well as a trapping program, could and should be
part of the community participacion.

H-47 Use increased areas of overbank wetlands storage to encourage preferred species
germination and discourage nondesirable species.
Salt cedar and cottonwood/willow have very different germination windows; however, they both
need similar conditions for seedling propagation. If the overbank wetlands were increased in size
to allow enough storage to mimic the flood conditions conducive to cottonwood/willow
germination. this would help to control salt cedar invasion. This would need to be done by
storing flood flows for periods long enough to fully saturate the soil column. Ideally, this would
be done in early February. Prior to this, some maintenance to clear bare soil would improve
germination conditions as well.

Cottonwood will begin to set seed through February and willow should follow through late
February into early March. The recently flooded bare soil should remain undisturbed during the
germination period and any flood flows from overbank wetlands should be restricted during May
through October during the salt cedar germination period. Any discharges exceeding the low
water level should be followed with a maintenance program during this period to remove salt
cedar seedlings.

H-50 Plan for beavers

Beavers are drawn to many types of water features such as narrow channels, pipe outlets, isolated
moving water as well as cottonwood and willow trees. One of the problems with beavers is that
their dams can completely block water bodies causing stagnant flow. This will lead to vector
problems.
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Since beaver will be present, sacrificial areas that they like should be created inéluding thick
groves of cottonwood and willow and slow moving streams. This way their activities can be
controlled.

To keep them out of other areas of the project, the design should include wide channels that lTve
a higher velocity and are relatively deep. The use of step pools or short, steep channels will also
discourage beaver from moving to unportant areas of the project.

H-80 Periodically flush to remove salinity

Salinity buildup in any natural system is a critical issue. Therefore, it is important to provide a
way to get enough water to drier areas of the project to flush salt through the soil column. |

One way to encourage this is through grading the basins in a step terrace to cause water to md,ve
through the system, but pond enough to force water through the soil column. This could be used
to direct interior and exterior storm flows to drier areas of the project to encourage flushing of the
system. ‘ : |

It would also be important to provide provisions for temporary pumping of water from the
wetland or open water areas to drier areas to add more water to the system to encourage ﬂushlbg
‘This could be done with gas-powered pumps and plastic hose. ‘

H-87 Vary the soil type from the top to the bottom of Ievee slope

Because of the gradient of the levee, there will be a problem of water not being absorbed by trpes
and shrubs closest to the top. Some suggestions to minimize this problem are:

e Vary the slope and reduce the gradient where possible.
levee

seeron] /@%\

This will decrease the tendency for irrigation water or other flows to flow over the surface
and not percolate to root zones.

. Soxl texture should be modified to minimize this problem where possible.
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To mimic silty loam or more moisture retentive soils, organics could be mixed in
appropriate proportion with sand.
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H-107 Use topsoil excavated from salt cedar areas for levee core material to contain the salt.

Soil excavated from the open water marsh areas will have a high salt concentration. It is likely
that leaving this material on site would be detrimental to the project because of its effect on plant
survival. The value team recommends considering incorporating the soil within the levee core.
While this recommendation addresses the issue of soil disposal, it raises the question of how the
soil can be safely incorporated into the levee; specifically, whether the high organic content
material would jeopardize levee integrity. Nevertheless, the value team suggests that methods
for properly compacting and incorporating the material be investigated.

Other issues to investigate are as follows:
o Salinity tolerance of target species
e Salinity of the soil

e Whether incorporating the excavated soil would necessitate a change in the geometry of
the levee

If this design suggestion proves feasible, the advantages would be reduced hauling costs and
potentially higher habitat quality.

H-109 Distribute water into cells to leach salt from system

Salinity accumulates in areas that do not receive flooding or flood irrigation. Cottonwood and
willow species (particularly willow) are very sensitive to salinity. Cottonwood’s and willow’s
long term survival in the project area, outside of the frequent inundation zone, will depend on
some design consideration which will allow flooding.

This is particularly essential to plant success in those areas in which cottonwood/willow are
planted where ground-water depth exceeds four feet. This is relevant as salinity levels in the
water feeding the cottonwood/willow growing areas are at their salinity tolerance level currently.

Some suggestions:

1. During detailed design allocate cottonwood/willow communities to those areas with
groundwater depth no greater than eight feet.

2. Inthose areas where cottonwood/willow are shown exceeding four-foot depth to ground
water, berm an area at least 8-12 ft to allow flooding to leach salts out of the bulk of the
root zone further down the soil profile. This is a good idea for all cottonwood/willow
areas, but should be a priority in areas with deeper ground water.

3. Continuous monitoring of dissolved solids through salt or conductivity tests on irrigation
water will be critical to ensuring cottonwood/willow salt tolerances are not exceeded.
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OM-04 Team with other agencies for environmental education and O&M

OM-05 Develop ongoing and comprehensive training program for staff and volunteers
OM-34 Design the monitoring program to meet system requirements based on science not

on a daily schedule

Operation and Maintenance

One of the greatest tools to minimize costs will be a comprehensive operational management
plan that is science based and takes advantage of partnershxps for monitoring, management and
interpretation.

Ongoing monitoring is the best way to ensure that the system is healthy and avoids unexpected
costs. The key to a successful monitoring plan will be to take a science based approach.
Different elements of the systern, such as the cottonwood/willow habitat versus the open water
marsh habitat, will require specific monitoring plans. Monitoring schedules and techniques
should be adapted based on the system type, and should themselves be evaluated regularly to
adapt to seasonal changes, or changes that result from system growth and maturity.

Monitoring plans should include identification of discreet meaningful measures of project
performance. Details of these measurements should be determined by experienced habitat and
river professionals. For illustrative purposes, the following measures should be considered:

e water quality parameters

e soil salinity

¢ populations and breedi