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UPPER CAVE CREEK / APACHE WASH WATERCOURSE MASTER PLAN

ATTACHMENT 8
ALTERNATIVES ANALYSIS REPORT

8-1. 0 INTRODUCTION

8-1.1

8-1.2

To assist in understanding the technical content of this report, a glossary of terms is
provided in Section 8-7.0. Words or phrases that appear in italics throughout the text are

defined in the glossary.

Study Description

The Upper Cave Creek/Apache Wash Watercourse Master Plan (WCMP) Study was
undertaken to examine the benefits, opportunities, and weaknesses of various flood
control solutions, including full-structural, soft-structural, and nonstructural measures,
and recommend a management plan. The study examines the watercourses as
components of the overall watershed system. The primary goals of the WCMP are:

* Protect existing and future residents from the 100-year flood event and possible
damages associated with potential lateral migration of the watercourses.

* Consider structural and nonstructural alternatives.
* Reduce public funds spent on flood control and emergency management.
* (Consider sensitive habitats and cultural resources in the evaluation of alternatives.

* Consider multiple-use activities for floodplain areas.
* Consider landscape aesthetics and desired landscape character of floodplain areas.

The study limits include the main stems of Upper Cave Creek and Apache Wash, along
with the Apache Wash tributaries Paradise Wash and Desert Hills Wash, between the
Cave Buttes Dam impoundment area on the south and the Carefree Highway/City of
Phoenix corporate limit on the north, in north-central Maricopa County. A map of the
study area is presented on Figure 8-1.1.

The study was a joint effort of the City of Phoenix and the Flood Control District of
Maricopa County. The Flood Control District of Maricopa County awarded the contract
to Tetra Tech, Inc., Infrastructure Southwest Group, in April 1998.

Purpose

The purpose of the alternatives analysis is to formulate and evaluate a range of plans for
providing flood and erosion control, determine the costs and benefits of each, identify

UPPER CAVE CREEK & APACHE WASH WATERCOURSE MASTER PLAN 8-1.1
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opportunities for nonstructural solutions, and recommend a preferred watercourse
management alternative for regulating the study watercourses. It was anticipated that

. some structural control measures may be required in a nonstructural solution, however,
the objective was to minimize their use.

8-1.3 Authority

This WCMP is conducted in accordance with the Floodplain Regulations for Maricopa
County and Section 48-3609.01 of the Arizona Revised Statutes. The combination of the
Severe and Lateral-Migration Erosion Hazard Areas, as defined by this study, represents
the “Erosion Control Zone” as defined by the Floodplain Regulations of Maricopa
County. Land within this erosion hazard zone or the FEMA 100-year floodplain is ‘
subject to flood and/or erosion hazards that threaten public safety. Accordingly, any
development on such lands must be compatible with the potential hazards or be protected
from those hazards through the construction of structural flood and/or erosion control
features. A line has been established on each side of each watercourse to delineate these
hazardous areas and allow them to be regulated. The line follows the floodplain
boundary or the Lateral Migration Erosion Hazard Zone boundary, whichever is farther
from the main channel, and is designated the “Regulatory Line.” In addition to
delineating the hazardous area, the Regulatory Line is used as the basis for computing the
area of land that must be purchased or regulated to implement a given alternative and/or
the area of land that can be reclaimed from the floodplain, or the Lateral Migration
Erosion Hazard Zone, as a result of implementing a given alternative. The Regulatory
. Line is shown on Figure 8-1.2.

8-1.4 Approach

Alternatives for providing flood control and erosion protection were identified. A
traditional flood control alternative was developed to provide a baseline from which to |
judge the benefits, opportunities, and weaknesses of other alternatives. Non-traditional

flood control alternatives were developed based upon the investigation and determination ‘
of potential lateral migration and scour along the study watercourses and compared to the

traditional alternative. Accordingly, the non-traditional flood control alternatives go
beyond traditional floodplain management strategies by protecting adjacent properties
from the 100-year flood event and the possible damages associated with the potential
lateral migration and scour.

Limits of allowable encroachment within the regulatory area of each watercourse in the
study area were defined for each alternative. The type and extent of structural features
needed to allow the proposed encroachment were then identified by each alternative.
Scour analyses were conducted on the necessary structural features to determine design
parameters. Conceptual designs were developed with the structural quantities, costs,
benefits, and habitat impacts defined. Criteria and procedures were developed to evaluate
the alternatives and recommendations for implementation were made accordingly.

The Upper Cave Creek and Apache Wash watercourse systems were divided into reaches
. for detailed evaluation and analysis. The reaches were selected based on a combination

UPPER CAVE CREEK & APACHE WASH WATERCOURSE MASTER PLAN 8-1.3
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of similar hydraulic, geomorphic, biological, and landscape characteristics. Upper Cave
Creek was divided into three reaches. Starting at the downstream study limit and
proceeding upstream, there are: the Braided Reach, the Mined Reach, and the CIiff
Reach. Apache Wash and its two tributaries, Paradise Wash and Desert Hills Wash, are
referred to herein as the Apache Wash System. The Apache Wash System was divided
into five reaches. Again, starting at the downstream limit on Apache Wash and
proceeding upstream along the main channel, they are: the Hackberry Reach, the Union
Hills Reach, the Upper Reach, the Desert Hills Reach and the Paradise Reach. The
names selected for Upper Cave Creek and the main stem of Apache Wash reflect the
dominating feature or characteristic within the reach. For example, the Mined Reach of
Upper Cave Creek reflects the past and present mining activities, while the Union Hills
Reach of Apache Wash reflects the prominent hill on the west side of the watercourse.
The reaches are presented on Figure 8-1.2.

8-1.5 Assumptions, Limitations, Constraints

The following assumptions are used in the alternatives analysis:

* All structural improvements associated with a given alternative are assumed to be
constructed at one time for cost estimating and evaluation purposes (i.e., no
piecemeal construction).

* Encroachments will be accomplished through the use of earthen levees with three feet
of freeboard above the 100-year water surface and suitable bank protection armor.

* The bed and bank materials of the watercourses are assumed to be erodible to the full
depth of estimated scour and erosion, unless there is obvious evidence to the
contrary.

* Any future bridge foundations will be designed to accommodate the recommended
alternative, in accordance with the recommendations made herein.
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8-2.0 FORMULATION OF ALTERNATIVES

8-2.1

8-2.2

General

The alternatives were formulated through a combination of consultation and meetings
with stakeholders, a planning retreat, input from the public through a public meeting
process, and presentations to the City of Phoenix and the Desert View Village Planning
Committee. The alternatives considered ranged from a totally natural, undisturbed
watercourse, to a full traditional approach with encroachment to the FEMA 100-year
floodway limit. All alternatives were to consider reclamation and re-vegetation of the
areas disturbed by human activities. The selection criteria developed for the alternatives
is as follows:

* A traditional armored levee with encroachment into the FEMA 100-year floodplain
and full development of the floodway fringe area.

* No structural features located in the floodplain except those required to preserve the
natural integrity of the watercourse.

* A combination of the preceding alternatives that would incorporate structural
features, where necessary, to accommodate selected areas reclaimed from the
floodway fringe area. This alternative is to minimize cumulative impacts resulting
from encroachment.

Selected Alternatives
After receiving input from the stakeholders and the affected public, a Full-Structural

Alternative, a Soft-Structural Alternative, and a Nonstructural alternative were selected
for more detailed development. A overview of each selected alternative follows.

8-2.2.1 Full-Structural

The Full-Structural Alternative reflects the traditional approach to floodplain
management that allows encroachment to the regulatory floodway, as defined by the
Federal Emergency Management Agency (FEMA). Unless the current floodway limit is
modified through the appropriate regulatory process, it represents the maximum
allowable encroachment into the floodplain and provides the maximum amount of land
for development. The proposed encroachment limits are shown in Figure 8-2.1 for this
alternative.

Encroachments into floodplains are typically accomplished using earthen fill material or,
if the volume of fill is excessive, through the construction of earthen levees. In either
case, the channel side of the fill or levee embankment should be protected from erosion
by placing suitable armor material on the bank. The armor material should extend above
the 100-year water-surface elevation a minimum of one foot for fill and three feet for
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FULL-STRUCTURAL ALTERNATIVE: NON-ENCROACHMENT AREA
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levees. Examples of suitable bank protection armor considered in this study include rock
riprap; rock-filled wire baskets, commonly referred to as gabions or gabion mattresses; or
cement stabilized alluvium (CSA), which is a coarser version of the more common soil
cement. To compare the effectiveness of the alternatives considered in this study, it was
assumed that levees would be constructed to provide the desired encroachments.

For the Full-Structural Alternative, the proposed levees effectively follow the existing
regulatory floodway boundaries along each watercourse, resulting in a relatively smooth
alignment. The levees are to be constructed of earthen embankment material, compacted
to 95 percent of maximum density, with three feet of freeboard above the 100-year water
surface, as required by FEMA. A minimum ten-foot top width and 2:1 side slopes are
recommended. The channel side of the levee is provided with bank protection to prevent
erosion and channel migration. Refer to Figure 8-2.2 for a typical section of the
proposed levee.

A grade control structure is also proposed at the north end of the Mined Reach on Upper
Cave Creek to prevent head-cutting from occurring in an upstream direction from the
sand and gravel mining area. If head-curting is allowed to propagate upstream, the
proposed bank protection would need to be much deeper, increasing costs and the
disruption to the environment during construction. A number of different construction
materials and design configurations can be used for such structures. However, for this
alternative, it has been assumed that cement stabilized alluvium (CSA), constructed on
2:1 slopes with a 10-foot top width, will be used. Immediately after construction, only
the top portion of the structure within the main channel area will be visible. Refer to
Figure 8-2.3 for a conceptual drawing of the proposed grade-control structure for the
Full-Structural Alternative.

8-2.2.2.1.1 Advantages/Disadvantages

The primary advantage of the Full-Structural Alternative is that it maximizes the amount
of land available for development in the current FEMA 100-year floodway fringe area.
The primary disadvantages are that it does so at a high construction cost and with some
risk to the public. The finished product typically has an unnatural appearance and
function, and results in significant disturbance of reparian habitat and cultural features.

8-2.2.1  Soft-Structural

The Soft-Structural Alternative contains both encroachments into the FEMA 100-year
floodway fringe and areas that are left in their natural state. Where encroachments into
the floodway fringe are proposed, levees, similar to those described in the Full-Structural
Alternative, are used. For this alternative, the extent of encroachment is also controlled
through the implementation of a regulatory setback distance. The setback distance is
generally based on engineering and geomorphic estimates of the lateral migration
potential, as defined by the limits of the Lateral Migration Erosion Hazard Zone.
(Reference Attachment 5 of the WCMP Report for a full discussion on the development
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of the Lateral Migration Erosion Hazard Zone.) The proposed setback distance is defined
by the non-encroachment limits shown in Figure 8-2.4 for this alternative.

When the Lateral Migration Erosion Hazard Zone boundary is within the shallower,
lower velocity areas of the floodway fringe, a levee embankment, with three feet of bank
protection armor below grade (toe-down), is assumed. If the Lateral-Migration Erosion
Hazard Zone boundary is close to the Floodway boundary, the same full-depth bank
protection is proposed as for the Full-Structural Alternative. The three-foot toe-down is
referred to as Minimum-Depth Bank Protection, while the full-depth toe-down is referred
to as Maximum-Depth Bank Protection. Refer to Figure 8-2.5 for a typical section of the
proposed Minimum and Maximum-Depth Bank Protection. The magnitude of the full-
depth toe-down is defined by the total design scour described later in this report. This
alternative also includes a grade control structure, described in the Nonstructural
Alternative section that follows.

8-2.2.2.1  Advantages/Disadvantages

The advantages and disadvantages of this alternative lie in the fact that it is a compromise
solution that neither maximizes the amount of developable land, nor the amount of
undisturbed, natural area along the watercourses. The alternative defines the minimum
area the watercourses need to function naturally over a 60-year period and does not
produce significant cumulative impacts within a reach or upstream or downstream of the
study limits.

8-2.2.3 Nonstructural

As the name implies, the Nonstructural Alternative contains virtually no structural
features in the floodplain. However, there is one exception. The grade-control structure
described in the Full-Structural Alternative is also needed at the same location for this
alternative to protect the integrity and, hence, the natural characteristics of the Upper
Cave Creek watercourse upstream of the mining area. For this alternative, however, the
design of the grade-control structure will be more environmentally sensitive. As with the
Full-Structural Alternative, the structure will not be visible for most of its length
immediately after construction. However, as the structure is impacted by flow events
more area may become exposed at various locations along its length. Under this
alternative, the structure will be constructed of pneumatically-place concrete with very
mild side slopes. The surface will appear to be a natural cobble-lined feature, similar to
the steeper heavily cobbled reaches of the natural watercourse. The alignment of the
structure will not be linear, and the exposed face will vary in slope and contain pockets
that will trap soil so native plants can take root. The concrete will be colored to match
the native soil coloration, and boulders and cobbles will be hand-placed along the
alignment. Refer to Figure 8-2.6 for a typical section of the proposed grade-control
structure for the Nonstructural and Soft-Structural Alternatives.

Other than the grade-control structure described above, this alternative effectively leaves
the study watercourses in their natural (albeit existing) state and controls the allowable
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encroachment for development through the implementation of a regulatory setback

‘ distance. The setback distance is generally based on engineering and geomorphic
estimates of the long-term lateral migration potential, as defined by the limits of the
Long-Term Erosion Hazard Zone. (Reference Attachment 5 of the WCMP Report for a
full discussion on the development of the Long-Term FErosion Hazard Zone.) The
proposed setback distance is defined by the non-encroachment limits shown in Figure
8-2.7 for this alternative.

8-2.2.3.1 Advantages/Disadvantages
The primary advantage of the Nonstructural Alternative is that the maintenance costs are

minimum, and it effectively leaves the watercourse corridors in their natural state. The
primary disadvantage is that it minimizes the amount of land available for development.
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®

8-3.0 NON-ENCROACHMENT AREAS

8-3.1

8-3.1.1

The proposed non-encroachment areas, which are illustrated in Figures 8-2.1, 8-2.4, and
8-2.7 for the Full-Structural, Soft-Structural, and Nonstructural Alternatives, respectively,
have been discussed previously in general terms. This section of the report will discuss
the exceptions to the general encroachment limits that define the non-encroachment area
of each alternative. Each alternative will be addressed separately. The exceptions will be
identified by watercourse and reach, and will be described in detail, beginning at the
downstream study limit.

Full-Structural Alternative

As previously discussed, the encroachment limit for the Full-Structural Alternative
generally follows the FEMA floodway boundary. The exceptions to this limit are
described below and shown on Figure 8-2.1.

Table 8-3.1 contains a summary of the land acreage, by reach, associated with the non-
encroachment area for this alternative, as well as the area of floodplain and floodway, the
land area reclaimed from the floodplain or the Lateral Migration Erosion Hazard Zone
(i.e., the regulatory area) under this alternative, and the area of the Severe Erosion Hazard
Zone.

Upper Cave Creek

There are no exceptions in the Braided Reach.

8-3.1.1.1 Mined Reach

A minor tributary enters Upper Cave Creek from the east at the upper end of the Mined
Reach for which no floodplain or floodway has been defined. A very narrow peninsula
of land exists between this tributary and Upper Cave Creek in this area. Given the
narrowness of the peninsula, the flow from the tributary could potentially impact the back
side of any bank protection provided along Upper Cave Creek. To avoid this concern and
ensure development would not occur on this peninsula, the limit of the non-encroachment
area was extended to the Long-Term Erosion Hazard Zone boundary in this area.

8-3.1.1.2 Cliff Reach

The east bank of the Cliff Reach is nearly vertical, very high (over 20 feet in some areas)
and is environmentally sensitive. The cliff provides habitat for a number of animal
species. Construction of bank protection along this cliff would result in destruction of the
cliff face, and destruction of the sensitive habitat. The topography above the cliff is
sufficiently flat to support insurable structures, however, without bank protection, the
watercourse has the potential to undermine the cliff and cause it to collapse in block-type
failures. To ensure public safety, the limit of the non-encroachment area along the
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. Table 8-3.1 FULL-STRUCTURAL ALTERNATIVE: SUMMARY OF AREAS

Area (acres) Non- FEMA 100 FEMA 100 Severe
Encroachment| year Reclaimed year Erosion

Watercourse Area Floodplain Land Floodway | Hazard Zone
UPPER CAVE CREEK
Braided 129.7 137.8 7.6 1251 | 763 |
Mined 279.2 343.2 101.6 239.3 214.2
Cliff 230.0 297.9 114.9 183.0 | 971
Sub-System Total 638.9 778.9 224.0 547.4 387.5

APACHE WASH

Hackberry 87.5 150.5 63.4 85 | 49

Union Hills 474 50.6 32 44.0 26.1

Upper Apache 120.9 200.6 79.3 118.7 33.8

Wash Total 255.8 401.7 145.9 246.3 103.8

PARADISE WASH

Wash Total 62.1 1327 66.5 62.1 24.4
. DESERT HILLS WASH

Wash Total 323 57.4 23.9 26.0 5.3

Sub-System Total 3502 591.8 236.3 334.4 1335

ALTERNATIVE TOTALS | 989.1 13707 | 4603 8818 211
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majority of this reach was moved from the FEMA floodway to the Long-Term Erosion
Hazard Zone boundary.

8-3.1.2  Apache Wash
There are no exceptions in the Hackberry or Upper Apache Reaches.
8-3.1.2.1 Union Hills Reach

The west bank of the Union Hills Reach is rock-faced, very steep, and considered non-
erodible. Because of the steep terrain, it is very unlikely that development would occur
in this area and, as a result, there is no need to encroach to the floodway limit. To be
conservative, the limit of the non-encroachment area for the Full-Structural Alternative
on the west side of this reach was moved from the FEMA 100-year floodway to the
FEMA 100-year floodplain.

8-3.1.3  Paradise Wash

There are no exceptions for Paradise Wash.
8-3.1.4  Desert Hills Wash

There are no exceptions for Desert Hills Wash.
8-3.2 Soft-Structural Alternative

As previously discussed, the encroachment limit for the Soft-Structural Alternative
generally follows the Lateral-Migration Erosion Hazard Zone boundary. However, there
are two general exceptions to this criterion. First, there are numerous areas where the
Lateral Migration Erosion Hazard Zone boundary is located at or very near the FEMA
100-year floodplain boundary. In these instances, bank protection is not considered
economically feasible, but the potential for flood damage remains. To prevent flood
damage in these areas, the non-encroachment limit was set at the Lateral Migration
Erosion Hazard Zone boundary or the FEMA 100-year floodplain boundary, whichever is
farther from the main channel.

The second general exception concerns the occasions when the Lateral Migration Erosion
Hazard Zone boundary is inside the FEMA 100-year floodway boundary. When this
occurs, the encroachment limit is moved to the floodway boundary, since FEMA
regulations do not allow encroachment into the floodway. Exceptions to these modified
criteria are described below and shown on Figure 8-2.4.

Table 8-3.3 contains a summary of the land acreage, by reach, associated with the non-
encroachment area for this alternative, as well as the area of floodplain and floodway, the
land area reclaimed from the regulatory area under this alternative, and the area of the
Lateral-Migration Erosion Hazard Zone.
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8-3.2.1 Upper Cave Creek
There are no exceptions in the Braided Reach.
8-3.2.1. 1 Mined Reach

Because the future geometry of the Mined Reach is unknown due to the ongoing mining
activities, the non-encroachment limit in this reach was placed at the Lateral Migration
Erosion Hazard Zone boundary or the FEMA 100-year floodplain boundary, whichever is
farther from the main channel. This was done on both the east and west sides. There is
an exception to this criteria in the area adjacent to the minor tributary entering at the top
of the reach from the east. As described for the Full-Structural Alternative, there is a
lack of floodplain/floodway information for this tributary and potential erosion hazards
exist on both sides of the narrow peninsula of land between the creek and this tributary.
Therefore, to ensure public safety, the non-encroachment limit was moved to the Long-
Term Erosion Hazard Zone boundary from the confluence of this tributary to the
upstream reach limit.

8-3.2.1. 2 CIliff Reach

As discussed for the Full-Structural Alternative, the east bank of the Cliff Reach is nearly
vertical, very high (over 20 feet in some areas) and is environmentally sensitive. The cliff
provides habitat for a number of animal species. The Lateral Migration Erosion Hazard
Zone boundary is relatively close to the face of the cliff. The topography above the cliff
is sufficiently flat to support insurable structures, however, the watercourse has the
potential to undermine the cliff and cause it to collapse in block-type failures. Therefore,
to ensure public safety, the non-encroachment limit of the Soft-Structural Alternative,
along the majority of this reach, was moved from the Lateral-Migration Erosion Hazard
Zone boundary to the Long-Term Erosion Hazard Zone boundary.

To avoid encroaching into a culturally sensitive area along the west bank at the upper end
of the reach, the non-encroachment limit was set coincident with the Long-Term Erosion
Hazard Zone boundary.

8-3.2.2  Apache Wash
There are no exceptions in the Hackberry or Upper Apache Reaches.

8-3.2.2.1 Union Hills Reach

The west bank of the Union Hills Reach is rock-faced, very steep, and considered non-
erodible. Because of the steep terrain, it is very unlikely that development would occur
in this area and, as a result, there is no need to encroach to the Lateral Migration Erosion
Hazard Zone boundary which is effectively coincident with the FEMA 100-year floodway
limit. To be conservative, the limit of the non-encroachment area for the Soft-Structural
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Alternative on the west side of this reach was moved from the Lateral-Migration Erosion
Hazard Zone boundary/FEMA 100-year floodway to the Long-Term Erosion Hazard
Zone boundary.

8-3.2.3 Paradise Wash

There are no exceptions for Paradise Wash.
8-3.2.4  Desert Hills Wash
There are no exceptions for Desert Hills Wash.

Table 8-3.2 SOFT-STRUCTURAL ALTERNATIVE: SUMMARY OF AREAS

\ Area (acres) Non- FEMA 100 FEMA 100% Lateral-Migration
Encroachment| year Reclaimed year Erosion Hazard

Watercourse \ Area Floodplain| Land Floodway Zone

UPPER CAVE CREEK

Braided 137.1 137.8 1.0 125.1 288

Mined 3977 343.2 0.0 239.3 149.4

CIiff 307.8 297.9 44.7 183.0 879

Sub-System Total 842.6 778.9 45.7 547.4 266.0

APACHE WASH

Hackberry 124.8 150.5 34.1 83.5 B2

Union Hills 60.7 50.6 0.1 44.0 29.9

Upper Apache 152.5 200.6 52.0 118.7 62.9

Wash Total 338.0 401.7 86.2 246.3 166.6

PARADISE WASH

Wash Total 127.2 132.7 11.8 62.1 96.2

DESERT HILLS WASH

Wash Total 324 57.4 23.8 26.0 15.6

Sub-System Total 497.6 591.8 121.8 334.4 278.3

ALTERNATIVE TOTALS 1340.2 1370.7 167.5 881.8 544.4

8-3.3 Nonstructural Alternative

As previously discussed, the encroachment limit for the Nonstructural Alternative
generally follows the Long-Term Erosion Hazard Zone boundary. The exceptions are
described below and shown on Figure 8-2.7.
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At several locations, the FEMA 100-year floodplain extends beyond the Long-Term

. Erosion Hazard Zone boundary. Therefore, to ensure the study watercourses are
sustained in their natural state, with no structural features constructed in the future, the
non-encroachment boundary for this alternative is located along the Long-Term Erosion
Hazard Zone or the FEMA 100-year floodplain whichever is farther from the main
channel. This criteria is applied consistently through all reaches on all watercourses in
the study. The resulting non-encroachment boundary represents the lateral limits of the
study area for each watercourse. This is significant since this boundary is used as the
reference for determining the acreage of wildlife habitat and archeological resources
impacted by the Full- and Soft-Structural Alternatives. These impacts will be described
later in this report.

Table 8-3.3 contains a summary of the land area, by reach, associated with the non-
encroachment area for this alternative, as well as, the area of floodplain and floodway,
the land area reclaimed from the regulatory area under this alternative, and the area of the
Long-Term Erosion Hazard Zone.

Table 8-3.3 NONSTRUCTURAL ALTERNATIVE:
SUMMARY OF CHARACTERISTIC AREAS

Area (acres)
Non- FEMA 100t FEMA 100t Long-Term
Encroachment year Reclaimed year Erosion Hazard

Watercourse Area Floodplain| Land Floodway Zone
. UPPER CAVE CREEK

Braided 147.0 137.8 0 125.1 28.9

Mined 438.1 343.2 0 239.3 74.6

CIiff 364.8 297.9 0 183.0 167.9

Sub-System Total 949.9 778.9 0 547.4 271.4

APACHE WASH

Hackberry 178.4 150.5 0 83.5 36.1

Union Hills 78.6 50.6 0 44.0 22.6

Upper Apache 213.4 200.6 0 118.7 47.0

Wash Total 470.4 401.7 0 246.3 105.7

PARADISE WASH

Wash Total 189.2 132.7 0 62.1 66.3

DESERT HILLS WASH

Wash Total 58.1 57.4 0 26.0 16.9

Sub-System Total 717.7 591.8 0 334.4 188.9
. ALTERNATIVE TOTALS 1667.6 1370.7 0 881.8 460.3
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8-4.0

8-4.1

8-4.2

8-4.3

CONCEPTUAL DESIGN ANALYSES

General

Conceptual design analyses are required to determine the costs and benefits of the selected
alternatives. To determine costs for structural components, basic design parameters must
be defined, through various types of analyses, so conceptual designs can be developed.
The necessary design parameters include the height of the levees, the depth and thickness
of the bank protection armor, and the depth of grade control features. The benefits
include the amount of land protected from flood and erosion hazards, as well as the
amount of habitat and cultural resources preserved. Once the costs and benefits are
determined, judgements on the effectiveness of the individual alternatives can be made.

Base Data

To conduct the various design analyses described below, extensive use was made of
existing hydrologic, hydraulic, and sediment transport analyses completed for this study.
These analyses, along with the associated base data and support information, such as
mapping and sediment gradation data, are documented in the following reports:

* Hydrology Report (Attachment 3)
* Hydraulics and Sediment Report (Attachment 4)
¢ Lateral Stability Assessment Report (Attachment 5)

Scour Analyses

As the erosive action of flowing water removes and transports sediment during a storm
event, alluvial channels migrate horizontally, as well as vertically. To contain the
potential lateral movement or migration, armor protection is placed on the levee
embankment. To ensure this armor does not fail during the storm event, it must be
designed and built sufficiently strong to prevent it from being swept away by the flood
waters, and sufficiently deep to prevent erosion or scour from undermining it. This
section describes the various scour analyses conducted to define the necessary design
depth for the proposed bank protection. The scour analyses were conducted using worst-
case, main-channel hydraulics. The worst-case Aydraulics were generated by applying the
greater of the existing and future conditions, 100-year discharges to the channel geometry
with encroachments, as described in Section 8-3.

The depth to which bank protection must be built to prevent the proposed levees from
being undermined by scour is dependent upon the scour that may occur in the channel
over the life of the structure. The total potential scour needed for design is the summation
of the estimated single-event scour components and long-term degradation. The single-
event scour components are those that could occur during the passage of the 100-year
design flood event. The components that make up the maximum single-event scour depth
in this study are: general scour, bed-form scour, bend scour, and local drop scour
downstream of the proposed grade control structure.
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The long-term degradation is the potential channel lowering that could occur as a result of
a series of storms over the life of the proposed improvements. The estimate of long-term
degradation is based on the dominant discharge that is primarily responsible for the
geometric shape of alluvial channels. In the Southwestern United States, the 10-year
flood event has generally been identified as the dominant discharge. Because of the
dynamic nature of alluvial channels, all scour depths are referenced to the low point in the
channel cross-section (thalweg).

8-4.3.1 Single-Event Scour

Hydraulic parameters taken from the encroached, 100-year HEC-RAS model for the Full-
Structural and Soft-Structural Alternatives were used to compute the magnitude of the
single-event scour components. Since all scour depths were referenced to the existing
thalweg, no low-flow scour component was necessary. Other than the proposed grade
control structure on Upper Cave Creek, there are no structures crossing the watercourses
below the Carefree Highway and above Cave Creek Dam. Three possible corridors have
been identified for a future east-west arterial roadway through the study area. The
potential impact of local bridge pier scour on the depth of the proposed bank protection
was not considered in the scour analyses.

General scour is the general lowering of the channel bed due to the hydraulic shear force
that acts on and transports sediment particles during a flood event. The magnitude of the
shear force at any particular location varies with the flow magnitude and the hydraulic
parameters, which, in turn, vary with channel geometry. The maximum general scour
depths in this study were estimated using the U.S. Army Corps of Engineers’ HEC-6
sediment transport model (re: Attachment 4).

The bed-form scour component reflects the potential development of dunes or anti-dunes
on the channel bed during the design flood. The trough of these bed forms extends below
the plane of the channel bed and, therefore, must be included in the total scour estimate.
Since the flow velocities are near critical at numerous locations during the 100-year event,
Kennedy’s method (1963) for estimating the bed-form scour, due to the formation of anti-
dunes, was used in this study. The depth of the trough is half the amplitude of the anti-
dune, which is proportional to the velocity of flow in the channel.

Bend scour is due to secondary flow currents produced by the super-elevation of the water
surface that occurs along the outside of a channel bend. This scour component can be
very significant depending on the channel hydraulics, the radius of the bend, and the
width of the channel. The method developed by Zeller (1981) was used to estimate the
bend scour in this study.

Because of the dynamic and non-uniform nature of flow distribution in alluvial channels,
it is possible that the maximum Aydraulics derived from the HEC-RAS models for the
existing channel conditions may not represent the worst case during a particular flood
event. Therefore, a 30 percent safety factor is added to the summation of the above single-
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8-4.3.2

8-4.3.3

UPPER

event scour estimates. Example hand computations that demonstrate the methods
described above are contained in Appendix A.

Long-Term Degradation

The depth of long-term degradation used in this study is the lesser estimate resulting from
an equilibrium slope analysis and an armoring analysis. The equilibrium slope is defined
as the slope at which the sediment transport capacity is equal to the incoming sediment
supply. When this relationship is satisfied the channel neither degrades nor aggrades.
The armoring analysis determines whether there is sufficieni coarse material in the
channel to form an armor layer that will resist movement and inhibit further degradation
of the channel. These analyses were conducted using the encroached, 10-year channel
hydraulics (i.e., dominant discharge).

The equilibrium slope and armoring analyses were conducted using the methods described
in the U.S. Bureau of Reclamation publication, “Computing Degradation and Local
Scour,” (1984). The Schoklitsch, Meyer-Peter Muller, and Shields methods were averaged
to compute the equilibrium slopes for each watercourse, while the Meyer-Peter Muller,
Shields, Yang, and Competent Bottom Velocity methods were averaged to determine the
armoring depths for each watercourse. Example hand computations that demonstrate the
methods described above are contained in Appendix A.

The results of these analyses indicate that sufficient coarse material is present within the
watercourses of the study area to form an armor layer after relatively minor amounts of
degradation. In general, this precludes the need to construct grade control structures along
the channels to control long-term degradation. However, due to the varying width of the
natural channels and the unknown depth to rock along the channels, a detailed economic
analysis should be conducted during final design of any structural alternative that may be
implemented to determine the least cost combination of bank protection and grade control
features.

For this study, the total scour estimate used to specify the design depth of bank protection
is a combination of the single-event scour estimates, described above, and the long-term
degradation due to channel armoring. The total scour defines the design depth (toe-
down) of the proposed bank protection. Since it is possible that the main channel may be
located at, or in time migrate to a point immediately adjacent to a proposed levee, the
design depth for the bank protection is referenced to the low point in the main channel
(thalweg).

Summary of Results

Full-Structural Alternative

Table 8-4.1 summarizes the total scour estimates by reach for the Full-Structural
Alternative. The minimum scour depths estimated for the study area range from 3.0-7.0
feet. The maximum scour depths range from 7.5 to 26.4 feet. Maximum values over 14
feet are anomalies typically isolated to a single cross-section located in bends or old
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mining pits within the reach. Detailed summary tables containing the analysis results for
each scour component, cross-section-by-cross-section, are provided in Appendix A.

Table 8-4.1 FULL-STRUCTURAL ALTERNATIVE:
SUMMARY OF TOTAL SCOUR DEPTHS

Weighted
Minimum Scour | Maximum Scour| Average Scour

Depth (ft) Depth (ft) Depth (ft)
UPPER CAVE CREEK
Braided 33 8.9 6.1
Mined 3.0 16.0 6.6
ChLiff 4.1 17.8 94
APACHE WASH
Hackberry 6.6 17.7 10.6
Union Hills 7.0 26.4 12.4
Upper Apache 3.0 21.5 9.2
PARADISE WASH 3.0 7.5 55
DESERT HILLS WASH 3.0 7.9 6.1

Soft-Structural Alternative

Table 8-4.2 summarizes the total scour estimates by reach for the Soft-Structural
Alternative. The minimum scour depths estimated for the study area range from 3.0-6.7
feet. The maximum scour depths range from 8.1 to 24.7 feet. Maximum values over 14
feet are anomalies typically isolated to a single cross-section located in bends or old
mining pits within the reach. Detailed summary tables containing the analysis results for
each scour component, cross-section-by-cross-section, are provided in Appendix A.
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Table 8-4.2 SOFT-STRUCTURAL ALTERNATIVE:
SUMMARY OF TOTAL SCOUR DEPTHS

Weighted
Minimum Scour | Maximum Scour| Average Scour

Depth (ft) Depth (ft) Depth (ft)
UPPER CAVE CREEK
Braided 3.3 9.0 5.7
Mined 3.0 15.8 6.3
Chift 3.5 239 9.5
APACHE WASH
Hackberry 5.6 192 10.3
Union Hills o 6.7 B 247 11.9
Upper Apache 3.1 21.6 9.4
PARADISE WASH 3.0 8.1 5.1
DESERT HILLS WASH 3.0 10.4 7.3

8-4.4 Bank Protection Analysis

The height of the proposed levees will be three feet above the 100-year water surface
elevation as computed by the fully-encroached HEC-RAS models (re: Attachment 4), plus
additional height for superelevation, when a levee is located on the outside of a significant
bend. The three feet represents a freeboard or safety factor that will be provided on all
levees. The super-elevation was determined in conjunction with computing the bend
scour component of the total scour depth discussed previously. The method outlined in
Volume 2 of the Maricopa County Drainage Design Manual was used to determine
superelevation around channel bends. Example computations are contained in
Appendix A.

8-4.4.1 Armor Options

Three types of armor were evaluated for the proposed bank protection — Cement Stabilized
Alluvium (CSA), gabion mattresses, and loose riprap. CSA is a coarse soil cement
composed of local sands and gravels mixed with cement and compacted in-place, similar
to roller-compacted concrete. Gabion mattresses are essentially wire baskets filled with
rock that allow smaller rock to provide suitable erosion protection. They are typically
manufactured in 6, 9, 12, and 18-inch thicknesses. The economy of one type of armor
over the other is generally dependent on scale. For short lengths of bank protection, the
installation cost tends to favor riprap. For long lengths, the cost favors CSA, assuming
suitable material is available to manufacture it on site. Gabion mattresses fall in between.
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Maintenance costs are typically the greatest for riprap, followed by gabion mattress, and
. CSA. CSA is effectively maintenance free if designed and constructed correctly.

The Ds size for the rock riprap bank protection was computed using a method developed
by the US Bureau of Reclamation. The maximum Ds, size within a specific reach was \
used to compute quantities for the entire reach. The minimum thickness of the riprap
layer for the reach is 1.5 times the maximum Ds size, as suggested by Volume 2 of the
Maricopa County Drainage Design Manual, rounded up to the next half-foot increment.
The thickness of the gabion mattress was computed using a standard method developed by
the US Army Corps of Engineers. The thickness of the mattress used for a given reach is
2/3 of the D5 rock size used for the riprap, rounded to the next highest manufactured size
combination. The typical thicknesses manufactured are 6-inch, 9-inch, 12-inch, and 18-
inch. The horizontal thickness of the CSA bank protection is a standard 9 feet, as
requested by the Flood Control District. Example hand computations that demonstrate the
methods described above are contained in Appendix A.

8-4.4.2  Summary of Results

Full-Structural Alternative

Tables 8-4.3 and 8-4.4 summarize the results of the armor analyses for the riprap and
gabion mattress options, by reach, for the Full-Structural Alternative. The minimum
thickness of riprap protection ranges from 3.5 to 6.5 feet for the study area, while the

minimum thickness of gabion mattress ranges from 21 to 36 inches. Detailed summary
tables containing the analysis results, cross-section-by-cross-section, are provided in
Appendix A.
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Table 8-4.3 FULL-STRUCTURAL ALTERNATIVE:
RIPRAP THICKNESS REQUIREMENTS

1.5%
Minimum | Maximum | Maximum | Minimum Riprap
D50 (ft) D50 (ft) D50 (ft) Thickness (ft)

UPPER CAVE CREEK
Braided 1.0 3.2 4.8 5.0 N
Mined 0.7 3.4 5.1 5.5
CLiff 0.9 3.8 5.7 6.0
APACHE WASH
Hackberry 1.8 4.1 6.2 6.5
Uniop Hills 1.8 4.2 6.3 6.5
Upper Apache 0.2 3.3 5.0 -1 D
PARADISE WASH 0.3 2.6 3.9 4.0
DESERT HILLS WASH 1.1 2.3 3.5 3.5
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. Table 8-4.4 FULL-STRUCTURAL ALTERNATIVE:
GABION MATTRESS THICKNESS REQUIREMENTS

2/3 * 2/3 *
Maximum Maximum Maximum | Gabion Mattress
D50 (ft) D50 (ft) D50 (in) Thickness (in)

UPPER CAVE CREEK

Braided 3.2 21 25.6 27

Mined 3.4 23 27.2 30 s
CIiff 3.8 2.5 30.4 33 o

APACHE WASH

Hackberry 4.1 2.7 32.8 33
Union Hills 4.2 2.8 33.6 36
Upper Apache 33 2.2 26.4 27
PARADISE WASH 2.6 1.7 20.8 21
DESERT HILLS WASH 2.3 1.5 18.4 21

Soft-Structural Alternative

Tables 8-4.5 and 8-4.6 summarize the results of the armor analyses for the riprap and gabion
mattress options, by reach, for the Soft-Structural Alternative. The minimum thickness of riprap
protection ranges from 3.0 to 6.5 feet for the study area, while the minimum thickness of gabion
mattress ranges from 18 to 36 inches. Detailed summary tables containing the analysis results
cross-section-by-cross-section are provided in Appendix A.
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Table 8-4.5 SOFT-STRUCTURAL ALTERNATIVE:
RIPRAP THICKNESS REQUIREMENTS

1.5% Minimum
Minimum | Maximum | Maximum Riprap
D50 (ft) D50 (ft) D50 (ft) |Thickness (ft)

UPPER CAVE CREEK
Braided 1.0 3.2 4.8 5.0
Mined 0.8 3.5 5.3 5.5
ChLift 0.3 3.8 D7 6.0
APACHE WASH
Hackberry 1.2 3.5 5.3 5.5
Union Hills 1.9 4.2 6.3 6.5
Upper Apache 0.2 3.5 33 25
PARADISE WASH 0.3 3.0 4.5 4.5
DESERT HILLS WASH 1.1 2.0 3.0 3.0
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. Table 8-4.6 SOFT-STRUCTURAL ALTERNATIVE:
GABION MATTRESS THICKNESS REQUIREMENTS

2/3 * 2/3 *
Maximum Maximum | Gabion Mattress
D50 (ft) D50 (ft) D50 (in) Thickness (in)

UPPER CAVE CREEK

Braided 3.2 Z1 25.6 27
Mined 3.5 2.3 28 30
ChLift 3.8 2.5 30.4 33

APACHE WASH

Hackberry 3.5 2.3 28 30
Union Hills 4.2 2.8 33.6 36
Upper Apache 3.5 2.3 28 30
PARADISE WASH 3.0 2.0 24 27
DESERT HILLS WASH 2.0 1.3 16 18

l 8-4.5 Sand and Gravel Mining Operations

There is one active sand and gravel mining lease within the study area, and it is located in
the Mined Reach of Upper Cave Creek. Wheeler Construction is permitted to mine sands
and gravels within 500 feet of either side of the channel centerline, between the upstream
and downstream lease limits, through May, 2005. The lease limits are shown on Figure
8-4.1. Because it is not possible to predict the actual extent of mining that will be present
at the time the selected management alternative is implemented, assumptions were made
in this regard. Based on previous permit information, it is assumed that the mining area
will be continuous, extend to the upstream lease limit, and be at least five feet below the
low point of the existing Upper Cave Creek channel. The resulting drop in the channel
bed will effectively produce a headcut. If left uncontrolled, the headcut will propagate
upstream, erode the channel bottom, and potentially impact the stability of the channel
banks. To prevent this from occurring, a grade-control structure is proposed for all three
alternatives. The proposed grade-control structure and the analysis conducted to
determine their depths are described in the following section for each alternative.
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. 8-4.6 Grade-Control Structures

A grade-control structure is proposed at the upstream end of the Mined Reach on Upper
Cave Creek for all three alternatives. It will extend across the full width of the floodplain
and will be anchored into proposed bank protection or non-erodible material at the ends.
This structure is necessary to prevent head-cutting from occurring in an upstream
direction outside the mined area. If allowed to progress upstream, the toe-down depths
required for bank protection would be increased and habitat would be adversely affected.
This would likely be more expensive than the cost of the grade-control structure and cause
greater disruption to the environment during construction. The structure will not be visible
for most of its length immediately after construction. However, as the structure is
impacted by flow events more area may become exposed at various locations along its
length.

Although other materials can be used, Cement Stabilized Alluvium (CSA) is proposed for
constructing the grade-control structure in the Full-Structural Alternative. Refer to Figure
8-2.3 and the concept plans in Appendix E for a plan view and typical section of the
proposed grade-control structure for the Full-Structural Alternative. For the Nonstructural
and Soft-Structural Alternative, the design of the grade-control structure will be much
more environmentally sensitive. Under these alternatives, the structure will be constructed
of pneumatically-place concrete with very mild side slopes. The surface will appear to be
a natural cobble-lined feature, similar to the steeper heavily cobbled reaches of the natural

. watercourse. The alignment of the structure will not be linear, the exposed face will vary
in slope and contain pockets that will trap soil so native plants can take root. The concrete
will be colored to match the native soil, and boulders and cobbles will be hand-placed
along the alignment. The surface texture will be similar to the natural watercourse
bottom. Refer to Figure 8-2.6 and the concept plans in Appendix E for a plan view and
typical section of the grade control structure proposed for the Soft-Structural and
Nonstructural Alternatives.

The depth of the downstream side of this grade-control structure, and hence the adjacent
bank protection, was determined by estimating the local drop scour using the U.S. Bureau
of Reclamation method for unsubmerged channel drops (1977). This method indicates
that approximately 12.9 feet of drop scour can be expected on the downstream side of the
proposed grade-control structures for the 100-year event. Because of the dynamic and
non-uniform nature of flow distribution in alluvial channels, a 30 percent safety factor is
added to the unit discharge used to compute the drop scour. Hand computations that
demonstrate the method described above are provided in Appendix A.
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8-5.0 CONCEPTUAL DESIGN

The conceptual design discussed in this section reflects the levees and bank protection
proposed to physically establish the allowable encroachment limits (defined by the non-
encroachment areas described in Section 8-3) for each alternative. Additional analyses
will be required before a final design can be completed for any of the structural features
presented herein. For example, the grade-control structures will require stability analyses
to determine their susceptibility to uplift, overturning, and sliding forces. Analyses to
determine the potential for failure due to “piping” under the grade-control structures or
abrasion of the structure surface will also be required. Also, the conceptual bank
protection design does not identify a minimum toe-down depth, nor does it account for
the future extent and depth of the sand and gravel mining operations or the effects of
local scour associated with any future bridge crossings.

The proposed conceptual design is described in detail for each of the selected alternatives
for each watercourse in the study. Each alternative is then quantified in terms of
construction costs, land costs, benefits, and potential impacts. The net cost of a given
alternative is defined by the estimated construction and land acquisition costs necessary
to provide the desired flood and erosion protection, less the benefits (negative costs).
Benefits are defined by the value of land reclaimed from the floodplain and protected
from the potential flood and erosion hazards. Intangible benefits are also realized through
the preservation of the natural environment and culturally sensitive areas and are
quantified in terms of land acreage. Tables summarizing this information are provided
for each alternative.

The in-place unit costs used to compute the costs and benefits associated with each
alternative are described below. A range of unit cost is used for items that have a
significant difference in quantity from alternative to alternative. The value of land was
assumed to be an average of $50,000 per acre. Embankment costs were estimated to be
$5 per cubic yard. Excavation costs were estimated to be $2-3 per cubic yard. Where
bank protection is provided, three options for armor were evaluated, i.e., riprap, gabion
mattresses, and CSA. The cost of bank protection armor was estimated to be $30-35 per
cubic yard for riprap (includes filter fabric), $60-65 per cubic yard for gabions (includes
filter fabric), and $15-30 per cubic yard for CSA, depending on total quantity. Cement
for CSA was assumed to be $100 per ton. The quantities of levee embankment,
excavation, and bank protection armor were estimated using the average-end-area
method. The unit cost of the reinforced, colored, pneumatically-placed concrete for soft-
structural and nonstructural grade control structure was estimated to be $94 per square
yard. This cost includes the labor-intensive work of incorporating large boulders,
forming pockets, and placing a finish layer of gravel and cobbles on the surface of the
“environmentally friendly” grade-control structure proposed for the Soft-Structural and
Nonstructural Alternatives.

8-5.1 Full-Structural Alternative
A reach-by-reach description of the proposed features associated with the Full-Structural
Alternative on the study watercourses follows. All bank protection associated with this
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alternative is maximum-depth, as defined by the scour analyses described earlier. In
areas where levees are not needed, but bank protection is proposed, the bank protection is
specified to prevent erosion of the natural banks. This usually occurs where the FEMA

. floodway is coincident with the floodplain. Channel access ramps are provided for
maintenance purposes at approximately 2000-foot intervals, as requested by the Flood
Control District. Ramps are also proposed under the future bridge crossings to provide
continuity and safety for possible future trails along the watercourses. The reaches will
be addressed beginning at the downstream study limit. More detail on the proposed
structural features associated with this alternative can be obtained from the concept plans
included as Appendix E. The station numbers referenced in the following text are taken
from the concept plans.

8-5.1.1 Upper Cave Creek

Braided Reach

The FEMA floodway is coincident with the floodplain in the lower portion of this reach.
The floodplain boundary reflects the US Army Corps of Engineers’ Standard Project
Flood pool elevation. This flood was used to design the Cave Buttes Dam.

Bank protection begins immediately upstream of the first minor tributary on both sides of
the creek and continues upstream to the reach boundary (Sta. 132). A continuous levee is
necessary to make the encroachment on the west side of the creek. On the east side, the
bank protection alternates between a levee section and the natural bank. As mentioned

. previously, armor protection along a natural bank is provided to prevent loss of land due
to erosion.

Mined Reach

Bank protection continues along the levee that is provided along the west side of the
creek. The levee is continuous through the reach and follows the floodway alignment.
On the east side, a short section of levee (Sta. 133 to 147, right) is provided to reclaim the
floodway fringe area at the downstream end of the reach. The bank protection then
armors the natural bank and continues upstream to the third tributary which enters the
watercourse from the east (Sta. 193, right). A break is provided in the bank protection to
allow flow from the second tributary to enter the creek (Sta. 157, right).

In addition to the levees and bank protection, this alternative provides a grade control
structure at the upstream end of the Mined Reach (Sta. 225). This structure is required to
prevent headcutting, induced by the mining excavations, from propagating upstream. As
mentioned previously, for the sake of estimating costs for this alternative, it is assumed
that this structure will be constructed of CSA. Because of differences in unit cost, the
estimated cost of this structure ranges from $512,000 for the CSA bank protection option
to $775,000 for the riprap and gabion mattress bank protection options. Refer to the
Full-Structural Concept Plans included as Appendix E to this report for more details on
the proposed grade-control structure.

UPPER CAVE CREEK & APACHE WASH WATERCOURSE MASTER PLAN 8-5.2

Y:\ASL-003\Upper Cave Creek Att 8\alt_analysis_rpt4.rtf




CIliff Reach

. Bank protection continues along the levee that is provided along the west side of the
creek. The levee is continuous through the reach and follows the floodway alignment.
As mentioned previously, the east bank of the Cliff Reach is environmentally sensitive
and no bank protection is provided on this side for most of the reach. However, there is a
section of levee and bank protection provided from where the floodway breaks away
from the floodplain and the cliff (Sta. 337, right) to the Carefree Highway (upstream
study limit).

Table 8-5.1 summarizes the estimated quantities and costs for bank protection,
excavation, levee embankment, and grade control construction, by armor type for Upper
Cave Creek. A breakdown of the costs for each reach can be found in Appendix D.

8-5.1.2 Apache Wash

Hackberry Reach

On the east side of the watercourse, bank protection begins along the floodway boundary
immediately at the downstream study limit (Sta. 100) and continues upstream to the
reach boundary (Sta 178). Levee embankment is required where the floodway boundary
is not coincident with the floodplain boundary. On the west side, bank protection and a
near-continuous levee is necessary for approximately 5,300 feet to make the

. encroachment.

Union Hills Reach

As described previously, no bank protection is provided along the west side of this reach
due to the presence of rock associated with the Union Hills. On the east side, the bank
protection is continuous and alternates between levee sections, required to make the
encroachment, and the natural bank. The protection against the natural bank is provided
to prevent loss of land due to erosion.

Upper Apache Reach

On the east side of the watercourse, bank protection is provided continuously through the
reach. The floodplain encroachment on this side of the watercourse will require a levee
embankment in conjunction with the bank protection. There are three sections where the
floodway and floodplain are coincident, and the bank protection will be placed against
the existing bank, i.e., Sta. 226 to 233, Sta. 277 to 284, and Sta. 296 to 300.

On the west side of the watercourse, bank protection is also provided continuously

through the reach. The floodplain encroachment on this side of the watercourse will
require a continuous levee embankment, in conjunction with the bank protection. One
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Table 8-5.1 FULL-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR UPPER CAVE CREEK
Left Bank Right Bank
Quantity Left Bank Quantity Right Bank Total

Item Unit Price (yd®) Cost (yd®) Cost Quantity (yd®)]  Total Cost
Riprap Revetment e | = S B -
Excavation Total (yd®) | $2 | 578,056 | $1,156,112 | 263,350 | $526,700 | 841406 | $1,682,812
Borrow Total (yd®) $5 | 226,186 | $1,130,930 [ 24,719 | $123595 | 250,905 | $1,254,525
Riprap Total (yd®) $30 | 278,183 | $8,345496 | 93,844 | $2,815323 | 372,027 | $11,160,819
Grade Control Structure 0 N I D I
CSA Total (yd®) o | s30 17,500 | $525,000 17,500 | $525,000
CSA Cement Total (tons) $100 2,500 $250,000 2,500 $250,000
Total Cost e NI 2 $11,407,538 | $3,465,618 | | $14,873,156
Gabion Mattress Revetment | | TR AR . L Y S T o o
Excavation Total (yd®) $2 | 578,056 | $1,156,112 | 263,350 | $526,700 | 841,406 | $1,682,812
Borrow Total (yd’) %5 | 226,186 | $1,130,930 | 24719 | $123,595 | 250,905 $1,254,525
Gabion Total (yd®) | $60 | 127,014 | $7,620,834 | 42,686 | $2,561,148 | 169,700 | $10,181,982
Grade Control Structure | | SR IS A O TS
CSA Total (yd®) 1! $30 | $17,500 | $525000 | O $0 17,500 $525,000
CSA Cement Total (tons) $100 $2,500 $250,000 0 $0 2,500 $250,000
Total Cost =, - | $10682876 = [ $3211,443 | $13,894,319
CSARevetment | BN ATSCAHE DEBR. ERS T | e
Excavation Total (yd®) $2 | 578,056 | $1,156,112 | 263,350 | $526,700 | 841,406 | $1,682,812
Borrow Total (yd®) ~$5 | 226,186 | $1,130,930 [ 24,719 | $123595 | 250,905 | $1,254,525
CSA Total (yd*) e 815 194,444 | $2,916,665 | 68,199 | $1,022,991 | 262,644 | $3,939,656
CSACementTotal (tons) | $100 | 27,563 | $2,756,260 | 9,667 | $966,720 | 37,230 | $3,722,980
Grade Control Structure el o A1 Lt PR T ¥ , FECTIOL I .
CSA Total (yd*) $15 17,500 $262,500 0 $0 17,500 $262,500
CSA Cement Total (tons) - $100 | 2,500 | $250,000 0 $0 2,500 $250,000
Total Cost $8,472,467 $2,640,006 $11,112,473
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break in the levee is provided at Sta. 265 to allow flow from a minor tributary to enter the
watercourse.

. Table 8-5.2 summarizes the estimated quantities and costs for bank protection,
excavation, and levee embankment, by armor type, for Apache Wash. Recall that some
areas along the watercourse do not require a levee, but need bank protection to protect
existing banks from erosion. A breakdown of the costs for each reach can be found in
Appendix D.

8-5.1.3 Paradise Wash

To allow encroachment to the FEMA floodway boundary along Paradise Wash, levee
embankment is necessary in most areas. On the east side of the watercourse, bank
protection is provided continuously through the reach. Levee embankment is required in
all areas except Sta. 106 to 114 and Sta. 180 to 200.

On the west side of the watercourse, bank protection is provided continuously through the
reach. Levee embankment is provided, in conjunction with the bank protection, except
from Sta. 119 to 129. Bank protection is also provided on the levee and natural bank
between the confluence of the east and west branches of Paradise Wash and the Carefree
Highway.

Table 8-5.3 summarizes the estimated quantities and costs for bank protection,

excavation, and levee embankment, by armor type, for Paradise Wash. Again, recall that

some areas along the watercourse do not require a levee, but need bank protection to
. protect existing banks from erosion.

8-5.1.4 Desert Hills Wash

To allow encroachment to the FEMA floodway boundary along Desert Hills Wash, levee
embankment and bank protection are necessary on both sides of the watercourse for the
full length of the reach.

Table 8-5.4 summarizes the estimated quantities and costs for bank protection,
excavation, and levee embankment, by armor type, for Desert Hills Wash.
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Table 8-5.2 FULL-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR APACHE WASH

Left Bank Right Bank

Quantity Left Bank Quantity | Right Bank Total
Item Unit Price (yd?) Cost (yd?) Cost Quantity (yd®)| Total Cost
Riprap Revetment ) e N R - - -
Excavation Total (yd®) | %2 | 305400 $610,800 485,386 $970,772 790,786 $1,581,572
Borrow Total (yd®) | %5 | 42,327 | 9211635 | 77,537 | $387,685 | 119,864 | $599,320
Riprap Total (yd3) $30 124,154 $3,724,620 225,887 $6,776,610 350,041 $10,501,230
Total Cost A ] | $4,547,055 $8,135,067 $12,682,122
Gabion Mattress Revetment | | | | | |
Excavation Total (yd3) i $2 | 305400 | $610,800 | 485386 | $970,772 | 790,786 $1,581,572
gor(rﬁovaLal(ydsli . 85 | 42327 - $211635 | 77,537 | $387,685 119,864 | $599,320
Gabion Total (yd®) $60 54,054 $3,243,240 99,201 $5,952,060 153,255 $9,195,300
Total Cost - $4,065,675 | $7,310517 | | $11,376,192
CSA Revetment ST R A BT T TN
Excavation Total (yd®) ~$2 | 305400 | $610,800 | 485386 | $970,772 | 790,786 | $1,581572
Borrow Total (yd?) $5 | 42327 | $211,635 77,537 | $387,685 119,864 | $599,320
CSA Total (yd®) | 5 87,418 | $1,311,270 | 154,378 | $2,315666 | 241,796 $3,626,936
CSA Cement Total (tons) $100 12,392 $1,239,200 21,883 $2,188,300 34,275 $3,427,500
Total Cost $3,372,905 $5,862,423 $9,235,328
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Table 8-5.3 FULL-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR PARADISE WASH

Left Bank Right Bank

Quantity Left Bank Quantity | Right Bank Total
Item Unit Price (yd®) Cost (yd®) Cost Quantity (yd®)|  Total Cost
Riprap Revetment N S e i ’ -
Excavation (yd®) | %2 102,883 | $205,766 | 75874 | $151,748 | 178,757 | $357,514
Borrow Material (yd°) 35 34,163 | $170,815 | 15289 | $76,445 49,452 ~ $247,260
Riprap Revetment (yd®) $30 28,764 $862,920 29,231 $876,930 57,995 $1,739,850
Total Cost s | $1,239,501 | $1,105,123 = $2,344,624
Gabion Mattress Revetment | [ S o i DT L TR Ta. i
Excavation (yd) $2 | 102883 | $205766 | 75874 | $151,748 | 178,757 | $357,514
Borrow Material (yd°) $5 | 34,163 | $170,815 15,289 | $76,445 49,452 |  $247,260
Gabion Revetment (yd®) $60 12,584 $755,040 12,789 $767,340 25,373 $1,522,380
Total Cost N | s1131621 | $995533 | s$2127,154
CSA Revetment 1 T RSN ST RN T R
Excavation (yd’) $2 102,883 | $205,766 75,874 | $151,748 178,757 | $357,514
Borrow Material (yd®) ¥ 34,163 | $170,815 15,289 - $76,445 49,452 $247,260
CSA Revetment (yd®) $15 28,943 $434,145 29,413 $441,195 58,356 $875,340
CSA Cement (tons) | $100 4,103 $410,300 4169 | $416,900 | 87272 $827,200
Total Cost $1,221,026 $1,086,288 $2,307,314
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8-5.2 Soft-Structural Alternative

. A combination of maximum-depth and minimum-depth bank protection is required to
allow the prescribed encroachment into the FEMA 100-year floodplain for this
alternative. When the encroachment is at or near the floodway boundary, maximum-
depth (i.e., full-depth) bank protection is proposed. When the encroachment is away
from the floodway boundary (shallower depths, lower velocities), minimum-depth (three-
foot toe-down) bank protection is proposed.

A reach-by-reach description of the proposed structural features associated with the Soft-
Structural Alternative on study watercourses follows. The reaches will be addressed
beginning at the downstream study limit. More detail on the proposed structural features
associated with this alternative can be obtained by referencing the concept plans included
as Appendix E. The station numbers referenced in the following text are taken from the
concept plans.

8-5.2.1 Upper Cave Creek

Braided Reach

No structural features are required or proposed in this reach for this alternative.
Mined Reach

. This alternative provides a grade-control structure at the upstream end of the Mined
Reach (Sta. 225) to prevent headcutting, due to the mining excavations, from propagating
upstream. As mentioned previously, for the purpose of estimating cost, it is assumed that
this structure will be constructed of pneumatically-place, reinforced concrete. The cost of
this structure has been estimated to be $2.2M. Refer to the Soft-Structural Concept Plans
included as Appendix E to this report for more details on the proposed grade-control
structure.

CIliff Reach

A levee with minimum-depth bank protection is proposed to make the prescribed
encroachment from Sta. 245 to 269 along the west side of the watercourse. The Lateral
Migration Erosion Hazard Zone boundary encroaches into the floodplain in this reach.
Farther upstream, the boundary encroaches into the floodway. Since encroachment into
the floodway is not allowed by FEMA regulations, maximum-depth bank protection is
provided along the floodway boundary from Sta. 286 to 330.

As described in Section 8-3, the encroachment limit along the east side of the

watercourse follows the Long-Term Erosion Hazard Zone boundary for most of the

reach. However, from where the cliff begins to disappear (Sta. 337) to the Carefree

Highway (Sta. 356), the encroachment limit follows the floodway boundary.

Consequently, a short section of levee with maximum-depth bank protection is proposed
‘ along this section of the reach.
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Table 8-5.4 FULL-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR DESERT HILLS WASH

Left Bank Right Bank

Quantity | |eftBank | Quantity | RightBank Total
Item Unit Price (yd®) Cost (yd®) Cost Quantity (yd®)| Total Cost
Riprap Revetment == D R N
Excavation (yd®) C$2 | s1411 | s62822 | 23920 | $47,840 | 55331 | $110,662
Borrow Material (yd’) $5 | 19189 | $95945 | 10509 | $52995 | 29788 | $148940
Riprap Revetment (yda) $30 15,520 $465,600 10,612 $318,360 26,132 $783,960
Total Cost S I | $624,367 | - $419,195 | ~ $1,043,562
Gabion Mattress Revetment | L bTa T | T et RO PO b .
Excavation (yd®) | %2 | 31411 | $62,822 23920 | $47,840 | 55331 | $110662
Borrow Material (yd®) | $5 19,189 | $95945 | 10509 | $52,995 | 29,788 | $148,940
Gabion Revetment (yd3) $60 7,760 $465,600 5,306 $318,360 13,066 $783,960
Total Cost il T $624,367 $419,195 | T$1,043,562
CSARevetment | B BN TR A DAL T :
Ercavatonvd) | s2 | 31411 | se2e2 | 23020 | sazsa0 | 55331 | sitoge
Borrow Material (yd®) e B $5 19,189 | $95945 | 10,599 $52,995 | 29,788 $148,940
CSA Revetment (yd®) $15 | 17,848 | $267,720 | 12204 | $183060 | 30,052 $450,780
CSA Cement (tons) $100 2,530 $253,000 1,730 $173,000 4,260 $426,000
Total Cost $679,487 $456,895 $1,136,382
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Table 8-5.5 summarizes the approximate quantities and costs for bank protection,
excavation, and levee embankment construction required by armor type for Upper Cave
Creek. A breakdown of the costs for each reach can be found in Appendix D.

8-5.2.2 Apache Wash

Hackberry Reach

Along the east side of the watercourse, the encroachment limit is coincident with the
floodway beginning at the downstream limit of the reach (Sta. 101) and continuing
upstream for approximately 1000 feet (Sta. 111). Levee embankment along with
maximum-depth bank protection is recommended along this length. From approximately
Sta. 114 to 129, the encroachment limit is within the shallow floodplain area.
Accordingly, a levee with minimum-depth bank protection is recommended.

Along the west side of the reach from Sta. 123 to 153, the encroachment is again within
the shallow floodplain area, and levee embankment with minimum-depth bank protection

is recommended.

Union Hills Reach

No structural features are required or proposed in this reach for this alternative.

Upper Reach

. Because the Lateral-Migration Erosion Hazard Zone boundary effectively follows or is
inside the FEMA 100-year floodway, the encroachment limit on the west side of the
watercourse for the Soft-Structural Alternative is identical to that for the Full-Structural
Alternative. Therefore, levee embankment and maximum-depth bank protection are
provided from Sta. 230 to 263 and Sta. 266 to 300. As with the Full-Structural
Alternative, a break in the levee is provided at Sta. 265 to allow flow from a minor
tributary to enter the watercourse.

Except for one area, the encroachment limit on the east side of the watercourse
effectively follows the FEMA 100-year floodplain boundary and no bank protection or
levee embankment is required. The exception is the area between Sta. 256 and 276
where the encroachment limit coincides with the FEMA Floodway boundary. Levee
embankment with maximum-depth bank protection is provided along this section of the
watercourse.

Table 8-5.6 summarizes the approximate quantities and costs for bank protection,
excavation, and levee embankment construction required by armor type for Apache
Wash. A breakdown of the costs for each reach can be found in Appendix D.
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Table 8-5.5 SOFT-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR UPPER CAVE CREEK

Left Bank Right Bank

Quantity Left Bank Quantity | Right Bank Total
ltem Unit Price (yd?) Cost (yd® Cost Quantity (yd®)|  Total Cost
Riprap Revetment e i L R - e e -
Excavation Total (yda) $3 148,757 | $446,271 46,692 $140,076 195,449 $586,347
Borrow Total (yd®) $5 39711 | $198555 | 26,739 | $133695 | 66450 | $332,250
Riprap Total (yd®) $35 78,686 | $2,754,010 | 21,340 | $746,900 | 100,026 | $3,500,910
Grade Control Structures ) R R e D
Reinforced Concrete (ydz) $94 23,578 $2,216,332 23,578 $2,216,332
Total Cost 1T '$5615,168 | | $1,020671 | ~ | $6,635,839
Gabion Mattress Revetment : § DR T N A e - o et P
Excavation Total (yd®) $3 | 148757 | $446271 | 46692 | $140076 | 195449 | $586,347
Borrow Total (yd®) - $5 39,711 | $198555 | 26,739 | $133695 | 66450 | $332,250
Gabion Total (yd?) $65 | 36064 | $2,344160 | 9781 | $635765 | 45845 | $2,979,925
Grade Control Structures N i R ST TR = -
Reinforced Concrete (yd?) $94 23,578 $2,216,332 $23,578 $2,216,332
Total Cost [ 35205318 ~ | $909,536 | | $6,114,854
CSA Revetment e i WO R LT NI . T R T
Excavation Total (yd®) " ' $3 148,757 | $446,271 46,692 | $140,076 195,449 |  $586,347
Borrow Total (yd®) N $5 39,711 | $198,555 | 26,739 | $133695 | 66,450 $332,250
CSATotal (yd®) $15 52,784 | $791,760 | 14,316 | $214740 | 67,00 | $1,006,500
CSA Cement Total (tons) | $100 7482 | $748200 | 2,029 | $202900 | 9,511 $951,100
Grade Control Structures PP SR KR Bk i,
Reinforced Concrete (ydz) $94 23,578 $2,216,332 $23,578 $2,216,332
Total Cost $4,401,118 $691,411 $5,092,529
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Table 8-5.6 SOFT-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR APACHE WASH

Left Bank Right Bank

Quantity Left Bank Quantity Right Bank Total
ltem Unit Price (yd?) Cost (yd?) Cost Quantity (yd®)]  Total Cost
Riprap Revetment )
Excavation Total (yd®) r $3 181,295 $543,885 79,363 | $238,089 260,658 $781,974
Borrow Total (yd®) ~$5 | 25818 $129,090 19,819 $99,095 | 45637 $228,185
Riprap Total (yd3) $35 73,061 $2,5657,135 40,784 $1,427,440 113,845 $3,984,575
Total Cost | $3,230,110 $1,764,624  $4,994,734
Gabion Mattress Revetment et
Excavation Total (yd*) $3 181,295 $543,885 79,363 | $238,089 260,658 $781,974
Borrow Total (yd®) I 25,818 | $129,090 | 19,819 $99,095 45,637 - $228,185
Gabion Total (yd3) $65 33,209 $2,158,585 18,538 $1,204,970 51,747 $3,363,555
Total Cost $2,831,560 | $1,542,154 $4,373,714
CSA Revetment e . B s R
Excavation Total (@) $3 181,295 | $543,885 | 79,363 $238,089 260,658 | §781,974
Borrow Total (yd®) | s 25818 | $129,090 | 19,819 $99,095 45637 |  $228,185
CSA Total (yd®) $15 53,466 $801,990 | 29,846 $447,690 83,312 $1,249,680
CSA Cement Total (tons) $100 7,579 $757,900 4,230 $423,000 11,809 $1,180,900
Total Cost $2,232,865 $1,207,874 $3,440,739

UPPER CAVE CREEK APACHE WASH WATERCOURSE MASTER PLAN
Y: ASL-003/UPPER CAVE CREEK ATT 5.6

8-5.12



8-5.2.3 Paradise Wash

The encroachment limit on the east side of the watercourse effectively follows the FEMA
100-year floodplain boundary and no bank protection or levee embankment is required.
This also holds true for the west side of the watercourse, except for the area between Sta.
165 to 187. In this location, the encroachment limit coincides with the FEMA Floodway
boundary. Therefore, levee embankment and maximum-depth bank protection is
provided.

Table 8-5.7 summarizes the approximate quantities and costs, by armor type, for bank
protection, excavation, and levee embankment construction required for Paradise Wash.

8-5.2.4 Desert Hills Wash

8-5.3

Because the Lateral-Migration Erosion Hazard Zone boundary is inside the FEMA
Floodway, the encroachment limit on the east side of Desert Hills Wash is identical to
that for the Full-Structural Alternative. Consequently, the same levee embankment and
maximum-depth bank protection proposed for the Full-Structural Alternative are
provided from Sta. 106+50 to 130+50 for this alternative.

The proposed encroachment limit is coincident with the FEMA Floodway boundary for
most of the west side of the watercourse. An exception is the short section between Sta.
103 and 109 at the confluence with Apache Wash. Here the encroachment limit diverges
from the floodway. However, since this area is in a confluence area, as well as on the
outside of a bend, maximum-depth bank protection is provided. Consequently, a levee
with maximum-depth bank protection is provided along the entire west side.

Table 8-5.8 summarizes the approximate quantities and costs, by armor type, for bank
protection, excavation, and levee embankment construction required for Desert Hills

Wash.
Nonstructural Alternative

The only structural feature associated with this alternative is the environmentally
“friendly” grade-control structure proposed at the upstream end of the Mined Reach (Sta.
225) on Upper Cave Creek. This structure is required to prevent headcutting from the
mining excavation and preserve the natural integrity of the existing channel. As
mentioned previously, for the sake of cost estimating, it is assumed that this structure will
be built of pneumatically-placed, reinforced concrete. The cost of this structure has been
estimated to be $2.2M. For more details on this grade-control structure refer to the
grade-control details provided in the Soft-Structural Concept Plans included as
Appendix E to this report.
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Table 8-5.7 CONSTRUCTION COSTS FOR PARADISE WASH SOFT-STRUCTURAL
‘ ALTERNATIVE:
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Table 8-5.8 SOFT-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR DESERT HILLS WASH

Left Bank Right Bank

Quantity Left Bank Quantity | Right Bank Total
Item Unit Price (yd® Cost (yd® Cost Quantity (yd®)]  Total Cost
Riprap Revetment - N A R il
Excavation (yd°) | s3 | 39567 | $118,701 29,870 | $89,610 69,437 |  $208,311
Borrow Material (yd®) ] $5 18,629 | $93,145 10,599 $52,995 29,228 $146,140
Riprap Revetment (yd®) $35 14,279 $499,765 9,880 $345,800 24,159 $845,565
Total Cost - $711,611 $488,405 $1,200,016
Gabion Mattress Revetment | | | - e R
Excavation (yd3) ==a = $3 39,567 | $118,701 29,870 ~ $89,610 | 69,437 - $208,311
Borrow Material (yd®) $5 18,629 $93,145 | 10,599 $52,995 29,228 $146,140
Gabion Revetment (yd°) $65 7,140 $464,100 4,940 $321,100 12,080 $785,200
Total Cost S | $675,946 $463,705 | | $1,139,651
CSA Revetment ] - R s e i
Excavation (yd®) $3 | 39,567 $118,701 29,870 $89,610 | 69,437 | $208,311
Borrow Material (yd®) $5 18,629 $93,145 10,599 $52,995 29,228 $146,140
CSA Revetment (yd®) $15 19458 | $291,870 | 13,255 | $198,825 | 32,713 $490,695
CSA Cement (tons) $100 2,716 $271,600 1,879 $187,900 4,595 $459,500
Total Cost $775,316 $529,330 $1,304,646
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8-5.4

Summary of Construction Costs

From inspecting Tables 8-5.1 through 8-5.8, it can be seen that the most economical
armor type depends upon the length of protection required. For example, when the length
of bank protection is relatively long, such as for the Full-Structural Alternative on Upper
Cave Creek and Apache Wash, CSA is the most economical armor to use. However,
when the length is relatively short, such as for the Full-Structural Alternative on Desert
Hills Wash, riprap is competitive. Gabion mattresses are the economical choice for
Paradise Wash, which requires an intermediate length of bank protection.

Since a basic assumption of the master plan study is that any bank protection in the
recommended alternative would be built simultaneously, the construction costs are
summarized by alternative in the following sections for the entire study area.

8-5.4.1 Full-Structural Alternative

Table 8-5.9 summarizes the approximate total construction costs, by armor type, for bank
protection, excavation, levee embankment, and grade-control construction required for
the entire study area. Sufficient length of bank protection is required in this alternative to
make CSA the most economical armor option at an estimated cost of $23.8M.

8-5.4.2 Soft-Structural Alternative

Table 8-5.10 summarize the approximate total construction costs, by armor type, for bank
protection, excavation, levee embankment, and grade-control construction required for
the entire study area. Again, sufficient length of bank protection is required in this
alternative to make CSA the most economical armor option at an estimated cost of
$10.4M.

8-5.4.3 Nonstructural Alternative

8-5.5

As described previously, the only construction cost associated with the Nonstructural
Alternative is for the “environmentally friendly” grade-control structure. The cost of this
reinforced concrete structure is estimated to be $2.2M.

Summary of Land Costs, Benefits, and Impacts

A land cost is defined as property that must be purchased to implement a given
alternative because disallowing development on it would be considered a “taking.” A
land benefit is defined as property reclaimed and made available for development
typically through the construction of a levee or fill and bank protection. Land inside (on
the channel side) of the “Regulatory Line,” but outside the non-encroachment area for a
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Table 8-5.9 FULL-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR STUDY AREA

Left Bank Right Bank

Quantity | [eftBank | Quantity | RightBank Total
Item Unit Price (yd?) Cost (yd?) Cost Quantity (yd®)]  Total Cost
Riprap Revetment R R i D I N T
Excavation(yd) | $2 | 1,017,750 | $2,035,500 | 848,530 | $1,697,060 | 1,866,280 | $3,732,560
Borrow Material (yd®) | %5 | 321,865 | $1,609,325 | 128,14 $640,720 450,009 | $2,250,045
Riprap Revetment (yd®) $30 446,621 |$13,398,636 | 359,574 |[$10,787,223| 806,195 | $24,185859
Grade Control Structures TR I N BRI
CSA Total (yd®) $30 17,500 | $525,000
CSA Cement Total (tons) - $100 | 2,500 | $250000 | | - Bl -
Total Cost B — [$17,818461 | [$13125003 $30,943,464
Gabion Mattress Revetment E MR SR D
Excavation (yd®) $2 1,017,750 | $2,035,500 | 848,530 | $1,697,060 | 1,866,280 | $3,732,560
Borrow Material (yd®) e $5 | 321,865 | $1609,325 | 128,144 | $640,720 | 450,009 | $2,250,045
Gabion Revetment (yd°) $60 201,412 |$12,084,714 | 159,982 | $9,598,908 | 361,394 | $21,683,622
Grade Control Structures ) s i TN A RN . e
CSATotal (yd®) $30 17,500 | $525,000 LA T
CSA Cement Total (tons) $100 2,500 $250,000
Total Cost $16,504,539 $11,936,688 | | $28,441,227
CSA Revetment ENE SR e SR A et I S
Excavation (yd®) EF $2 1,017,750 | $2,035,500 | 848,530 | $1,697,060 | 1,866,280 | $3,732,560
Borrow Material (yd) i $5 321,865 | $1,609,325 | 128,144 | $640,720 | 450,009 $2,250,045
CSA Revetment (yda) $15 328,653 $4,929,800 264,194 $3,962,912 592,847 $8,892,711
CSA Cement (tons) $100 46,588 | $4,658,760 | 37,449 | $3,744920 [ 84,037 | $8,403,680
Grade Control Structures | | | IE s
CSA Total (yd°) $15 17,500 $262,500
CSA Cement Total (fons) | $100 2,500 | $250,000 a
Total Cost $13,745,885 $10,045,612 $23,791,496
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Table 8-5.10 SOFT-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR STUDY AREA

Left Bank Right Bank

Quantity Left Bank Quantity | Right Bank Total
ltem Unit Price (yd?) Cost (yd?) Cost Quantity (yd®)|  Total Cost
Riprap Revetment i ) E
Excavation (yd*) | $3 | 390,988 | $1,172,964 | 155925 | $467,775 | 546913 | $1,640,739
Borrow Material (yd®) '$5 | 93695 | $468475 | 57,157 | $285785 | 150,852 | $754260
Riprap Revetment (yda) $35 181,558 $6,354,530 72,004 $2,520,140 253,562 $8,874,670
Grade Control Structures Fom L B
Reinforced Concrete (ydz) $94 23,578 $2,216,332
Total Cost N $10,212,301 $3,273,700 $13,486,001
Gabion Mattress Revetment
Excavation (yd3) i $3 390,988 $1,172,964 155,925 $467,775 546,913 $1,640,739
Borrow Material (yd®) $5 93695 | $468475 | 57,157 | $285785 | 150,852 | $754,260
Gabion Rg_vg—ztment (yd3) $65 84,179 $5,471,635 33,259 $2,161,835 117,438 $7,633,470
Grade Control Structures e, =] = e D= = e E 2=y
Reinforced Concrete (ydz) $94 23,578 $2,216,332
Total Cost $9,329,406 ] $2,915,395 | $12,244,801
CSA Revetment o !
Excavation (yd°®) $3 390,988 | $1,172,964 | 155925 | $467,775 | 546,913 | $1,640,739
Borrow Material (yd3) $5 93,695 $468,475 57,157 $285,785 150,852 $754,260
CSA Revetment (yd3) $15 139,601 $2,094,015 57,417 $861,255 197,018 $2,955,270
CSA Cement (tons) $100 19,746 $1,974,600 8,138 $813,800 27,884 $2,788,40Q »
Grade Control Structures n E e e T o
Reinforced Concrete (yd?) $94 23,578 $2,216,332
Total Cost $7,926,386 $2,428,615 $10,355,001
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given alternative, is considered a benefit. Land outside the “Regulatory Line,” but inside
the non-encroachment area for a given alternative, is land that must be purchased. The
net land cost is the estimated cost to purchase the land, less any benefit available for land
reclaimed from the regulatory area. A unit price of $50,000 per acre is used to make the
estimates.

Impacts are defined as areas of medium- and high-value habitat or areas of
cultural/archeological significance that would be potentially lost or disrupted by
development. The degree of impact to these resources is measured using land area as the
indicator. The less land impacted by an alternative, the better. Because it contains no
encroachment into the watercourse areas, it is assumed that the Nonstructural Alternative
has “zero” impacts. The area between the non-encroachment area boundaries for the
Nonstructural Alternative and the Soft-Structural Alternative represents the total impact
area for the Soft-Structural Alternative, while the area between the non-encroachment
area boundaries for the Nonstructural Alternative and the Full-Structural Alternative
represents the total impact area for the Full-Structural Alternative. The total impact areas
are comprised of low-, medium-, and high-value habitat.

8-5.5.1 Full-Structural Alternative

Table 8-5.11 summarizes the land costs, land benefits, and acres of resource impacts
associated with the Full-Structural Alternative by reach. The costs represent land to be
purchased. The benefits represent land reclaimed from the regulatory area.

8-5.5.2 Soft-Structural Alternative

Table 8-5.12 summarizes the land costs, land benefits, and acres of resource impacts
associated with the Soft-Structural Alternative by reach. The costs represent land to be
purchased. The benefits represent land reclaimed from the regulatory area.

8-5.5.3 Nonstructural Alternative

To allow the study watercourse to be sustained in its natural state, the non-encroachment
limit for this alternative is located along the Long-Term Erosion Hazard Zone boundary
or the FEMA 100-year floodplain boundary, whichever is farther from the main channel.
This criterion is applied consistently through all reaches of all watercourses. However,
since the Flood Control District has determined that the potential erosion outside the
Lateral-Migration Erosion Hazard Zone does not constitute a threat to public safety, this
alternative will require the acquisition of land outside the “Regulatory Line,” but not
inside the non-encroachment area for this alternative. The estimated cost associated with
the acquisition of these properties is summarized by reach in Table 8-5.13 below. There
are no impacts or reclaimed lands associated with this alternative.
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Table 8-5.11 FULL-STRUCTURAL ALTERNATIVE: LAND COSTS, BENEFITS AND IMPACTS
COST ESTIMATE IMPACTS (ACRES)
AREA AREA LOW MEDIUM HIGH
RECLAIMED LAND PURCHASED | PURCHASE | NET LAND | ARCHEOLOGICAL | VALUE VALUE VALUE
(ACRES) BENEFIT (ACRES) COST COST AREA HABITAT | HABITAT | HABITAT
UPPER CAVE CREEK ] B
Braided 86 $429,290 1.7 $85,975 -$343315 | 3 2 10 5
Mined 119.3 $5965,805 |  19.8 $987,695 -$4,978,110 0 52 53 52
Cliff 118.0 $5,898,180 25.0 $1,251,795 | -$4,646,385 52 25 62 48
System Total 245.9 $12,293,275 46.5 $2,325,465 | -$9,967,810 55 79 125 105
APACHE WASH . B 7
Hackberry B 70.5 $3,525,740 0.0 $0 -$3,525,740 0 55 18 17
Union Hills 12.2 $610,975 0.0 $0 -$610,975 0 19 8 4
Upper 81.9 $4,094,905 0.0 $0 -$4,094,905 0 71 13 10
Wash Total ~ 164.6 $8,231,620 0.0 $0  -$8,231,620 0 145 | 39 31
PARADISE WASH S i
Wash Total 77.8 $3,889,935 0.0 $0 -$3,889,935 0 . 53 24
DESERT HILLS WASH s B S
Wash Total 25.6 $1,281,895 0.0 $0 -$1,281,895 0 22 1 1
System Total 268.1 $13,403,450 0.0 $0 -$13,403,450 o 209 93 56
ALT. TOTAL 513.9 $25,696,725 46.5 $2,325,465 | -$23,371,260 55 288 218 161
Land Cost=  $50,000 per acre
UPPER CAVE CREEK APACHE WASH WATERCOURSE MASTER PLAN
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Table 8-5.12 SOFT-STRUCTURAL ALTERNATIVE: LAND COSTS, BENEFITS, AND IMPACTS

COST ESTIMATE IMPACTS (ACRES)

AREA AREA LOW MEDIUM HIGH

RECLAIMED| LAND |PURCHASED | PURCHASE | NET LAND |[ARCHEOLOGICAL| VALUE VALUE VALUE

(ACRES) | BENEFIT (ACRES) COST COST AREA HABITAT | HABITAT | HABITAT
UPPER CAVE CREEK
Braided 1.2 $60,515 7 $85,970 $25,455 2 0 5 | 5
Mined 0.2 $12,335 19.1 $957,370 $945,035 0 19 13 | 8
Cliff 447 $2,234325| 296 | $1,479,810 | -$754,515 | 13 B3 33 21
System Total 46.1 | $2,307,175 50.5 $2,523,150 | $215,975 15 22 51 34
APACHE WASH
Hackberry 33.7 $1683,320| 04 $21,910 | -$1,661,410 | o | 38 6 9
Union Hills 0.1 $6,480 1.3 $63,440 $56,960 0 11 - 5 | 2
Upper 50.3 $2,514,100 0.0 $1535 | -$2512565 | @ o | 57 3 7
Wash Total 84.1 $4,203,900 1.7 $86,885 -$4,117,015 0 106 14 13
PARADISE WASH
Wash Total 12.4 $620,880 [ 0.0 $0 -$620880 [ 0 22 26 | 10
DESERT HILLS WASH
Wash Total - 255 $1,277,165 0.0 $0 -$1,277,165 0 22 | 1 ' 1
System Total 122.0 $6,101,945 1.7 $86,885 -$6,015,060 0 150 41 24
ALT. TOTAL 168.2 $8,409,120 52.2 $2,610,035 | -$5,799,085 15 172 92 58

Land Cost=  $50,000 peracre

UPPER CAVE CREEK APACHE WASH WATERCOURSE MASTER PLAN
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Table 8-5.13 NON - STRUCTURAL ALTERNATIVE: LAND COSTS, BENEFITS, AND IMPACTS
COST ESTIMATE IMPACTS (ACRES)
AREA AREA LOW MEDIUM HIGH
RECLAIMED| LAND PURCHASED | PURCHASE | NETLAND [ ARCHEOLOGICAL | VALUE VALUE VALUE

(ACRES) BENEFIT (ACRES) COST COST AREA HABITAT | HABITAT | HABITAT
UPPER CAVE CREEK
Braided 8 $0 10.5 | $524,930 | $524,930 0 0 o | o
Mined 0 $0 59.2 $2,958,235 | $2,958,235 0 0o | o 0
Cliff 0o $0 419 $2,095,100 | $2,095,100 0 0 0 | o
System Total 0 $0 111.6 $5,578,265 | $5,578,265 0o | o 0 0
APACHE WASH
Hackberry T 6 $0 20.6 $1,029,605 | $1,029,605 0 0 0 0
Union Hills o | §0 19.0 $950,965 $950,965 0 0 | @8 0
Upper ) T $0 10.8 $541,510 $541,510 0 | © | 0o | a
Wash Total 0 $0 50.4 $2,522,080 | $2,522,080 0 0 0 0
PARADISE WASH
Wash Total [ $0 49.6 $2,478,265 | $2478265 | 0 ) [ o | o
DESERT HILLS WASH
Wash Total ] 0 $0 0.3 $13,815 $13,815 0 0 0 0
System Total 0 $0 100.3 $5,014,160 | $5,014,160 o 0 0 0
ALT. TOTAL 0 $0 211.8 $10,592,425 | $10,592,425 0 0 0 0

Land Cost=  $50,000 peracre

UPPER CAVE CREEK APACHE WASH WATERCOURSE MASTER PLAN
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8-5.6

In terms of land cost and benefits, the Full-Structural Alternative is the most economical
based on both absolute and net land costs. However, this economy is gained at the
expense of habitat and archeological resources. In terms of impact to wildlife habitat and
archeological resources, the Nonstructural Alternative is the best choice since it impacts
“zero” acres of these resources.

Summary of Net Costs and Impacts

Tables 8-5.14 through 8-5.20 summarize the total net costs and resource impacts for each
alternative, by bank protection armor type and watercourse reach. The total net costs
account for the construction costs for the bank protection type being considered, as well
as the land costs and benefits described previously.

8-5.6.1 Full-Structural Alternative

Tables 8-5.14 through 8-5.16 contain the total net costs and resource impacts for the Full-
Structural Alternative using riprap, gabion mattress, and CSA bank protection options,
respectively.

8-5.6.2 Soft-Structural Alternative

Tables 8-5.17 through 8-5.19 contain the total net costs and resource impacts for the Soft-
Structural Alternative using riprap, gabion mattress, and CSA bank protection options,
respectively.

8-5.6.3 Nonstructural Alternative

Table 8-5.20 contains the total net costs and resource impacts for the Nonstructural
Alternative. Recall that the only structural feature associated with this alternative is the
reinforced concrete grade-control structure, and that there are no impacts with this
alternative.
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Table 8-5.14 FULL-STRUCTURAL ALTERNATIVE: RIPRAP BANK PROTECTION NET COST

NET COST ESTIMATE IMPACTS (ACRES)
TOTAL LAND |[RECLAIMED LOW MEDIUM HIGH TOTAL
CONSTRUCTION | PURCHASE LAND ARCHEOLOGICAL | VALUE VALUE VALUE | IMPACT
COST COST BENEFIT | NET COST AREA HABITAT | HABITAT | HABITAT | AREA
UPPER CAVE CREEK
Braided ~ $974677 | $85,975 $429290 | $631,362 | 3 2 10 5 20
Mined $5,939,043 $987,695 | $5,965,805 | $960,933 0 52 53 52 157
ciff | $7,184,436 | $1,251,795 | $5,898,180 | $2,538,051 52 25 | 62 48 187
Grade Control $775,000 o  $775,000 | - = I
System Total $14,873,156 $2,325,465 | $12,293,275| $4,905,346 55 79 125 105 364
APACHE WASH
Hackberry $6,203,362 $0 | $3,525,740 | $2,677,622 0 | s | 18 o 90
Union Hills | $1,412944 $0 $610,975 $801,969 0 19 | 8 4 31
Upper $5,065,816 $0 $4,094,905 | $970,911 [ |71 13 10 94
Wash Total $12,682,122 $0 | $8,231,620 | $4,450,502 0 | 145 39 31 215
PARADISE WASH
WashTotal |  $2,344,624 $0 | $3,889,935 | -$1,545311 | y & T E; 24 119
DESERT HILLS WASH .
Wash Total ~ $1,043562 |  $0 | $1,281,895 | -$238,333 0 ’ 22 R 1 24
System Total $16,070,308 $0 $13,403,450 | $2,666,858 0o 209 - 93 56 358
ALT. TOTAL $30,943,464 $2,325,465 | $25,696,725 | $7,572,204 55 288 218 161 722
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Table 8-5.15 FULL-STRUCTURAL ALTERNATIVE: GABION MATTRESS BANK PROTECTION NET COST

NET COST ESTIMATE IMPACTS (ACRES)
TOTAL LAND RECLAIMED LOW MEDIUM HIGH TOTAL
CONSTRUCTION | PURCHASE LAND ARCHEOLOGICAL| VALUE VALUE VALUE | IMPACT
COST COST BENEFIT | NET COST AREA HABITAT | HABITAT | HABITAT | AREA
UPPER CAVE CREEK
Braided $895,060 $85,975 $429,290 $551,745 3 2 10 5 20
Mined $5,513,262 $987,695 | $5,965,805 | $535,152 0 52 53 52 157
Cliff o $6,710,997 $1,251,795 | $5,898,180 | $2,064,612 52 25 62 48 187
Grade Control $775,000 N $775,000 - D T -
System Total $13,894,319 $2,325,465 | $12,293,275 | $3,926,509 55 79 125 105 364
APACHE WASH
Hackberry $5,393,752 $0 $3,525,740 | $1,868,012 0 55 18 17 90
Union Hils | $1,321,054 $0 $610,975 $710,079 0 19 8 4 31
Upper $4661386 |  $0 $4,094,905 | $566,481 0 71 13 10 94
Wash Total $11,376,192 $0 $8,231,620 | $3,144,572 0 145 39 31 215
PARADISE WASH
Wash Total $2,127,154 $0 $3,889,935 | -$1,762,781 0 42 | 53 | 24 119
DESERT HILLS WASH
Wash Total $1,043,562 $0 $1,281,895 | -$238,333 0 22 1 B 24
System Total $14,546,908 $0 $13,403,450 | $1,143,458 0 209 93 56 358
ALT. TOTAL $28,441,227 $2,325,465 | $25,696,725 | $5,069,967 55 288 218 161 722
UPPER CAVE CREEK APACHE WASH WATERCOURSE MASTER PLAN
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Table 8-5.16 FULL-STRUCTURAL ALTERNATIVE: CSA BANK PROTECTION NET COST

NET COST ESTIMATE IMPACTS (ACRES)
TOTAL LAND RECLAIMED LOW MEDIUM HIGH TOTAL
CONSTRUCTION | PURCHASE LAND ARCHEOLOGICAL| VALUE VALUE VALUE IMPACT
COST COST BENEFIT NET COST AREA HABITAT | HABITAT | HABITAT AREA
UPPER CAVE CREEK | e - I
Braided ) $801,807 $85,975 | $429,290 $458,492 3 2 | 10 5 20
Mined $4,588,690 | $987,695 $5,965,805 -$389,420 | 0 i 52 53 52 157
Cliff $5,209,476 $1,251,795 | $5,898,180 $563,091 T 25 62 48 - 187
Grade Control $512,500 $512,500
System Total $11,112,473 | $2,325,465 | $12,293,275| $1,144,663 | 55 79 125 105 364
APACHE WASH ] e L B
Hackberry B $4,109,972 $0 $3,525,740 $584,232 0 55 | 18 17 90
Union Hills $937,845 $0 $610,975 $326,870 0 19 8 4 3
Upper $4,187,511 $0 $4,094,905 $92,606 0 71 13 10 94
Wash Total $9,235,328 $0 $8,231,620 $1,003,708 0 145 39 i 31 B 215
PARADISE WASH " . e .
Wash Total $2,307,314 $0 $3,889,935 | -$1,582,621 0 42 53 24 | 119
DESERT HILLS WASH e e a0 I Hewr T B
Wash Total $1,136,382 $0 $1,281,895 -$145,513 0 22 1 1 24
System Total $12,679,024 $0 | $13,403,450 | -$724,426 0 | 209 [ 93 56 358
ALT. TOTAL $23,791,497 $2,325,465 | $25,696,725 $420,237 55 288 218 161 722
UPPER CAVE CREEK APACHE WASH WATERCOURSE MASTER PLAN
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Table 8-5.17 SOFT-STRUCTURAL ALTERNATIVE: RIPRAP BANK PROTECTION NET COST

NET COST ESTIMATE IMPACTS (ACRES)
TOTAL LAND RECLAIMED LOW MEDIUM HIGH TOTAL
CONSTRUCTION | PURCHASE LAND ARCHEOLOGICAL | VALUE VALUE VALUE | IMPACT
COST COST BENEFIT | NET COST AREA HABITAT | HABITAT | HABITAT | AREA
UPPER CAVE CREEK
Braided e $0 $85,970 $60,515 $25,455 | 2 ’ 0 5 5 12
Mined = $0 $957,370 $12,335 $945035 | 0 19 13 8 40
Cliff a $4,419,507 $1,479,810 | $2,234,325 | $3664,992 | 13 3 | 33 21 70
Grade Control  $2,216,332 B - $2,216,332 | Tt - o
System Total $6,635,839 $2,523,150 | $2,307,175 | $6,851,814 | 15 s 22 51 34 122
APACHE WASH
Hackberry $1,386,138 | $21,910 | $1,683,320 | -$275272 0 38 Bl 9 53
Union Hills N $0 $63,440 $6,480 $56,960 | 0 1 5 2 18
Upper $3,608596 | $1,535 | $2,514,100 | $1,096,031 | .. 57 e 2 62
Wash Total $4,994,734 $86,885 | $4,203,900 | $877,719 | 0 106 14 | 13 133
PARADISE WASH
Wash Total ) $655,412 ~$0 $620,880 | $34,532 o | 22 % 10 - 58
DESERT HILLS WASH
Wash Total $1,200016 |  $0 | $1,277,165 | -$77,149 0 22 1 0 24
System Total $6,850,162 | $86,885 | $6,101,945 | $835,102 0 1 150 | 41 24 215
ALT. TOTAL $13,486,001 $2,610,035 | $8,409,120 | $7,686,916 15 172 92 58 337
UPPER CAVE CREEK APACHE WASH WATERCOURSE MASTER PLAN
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Table 8-5.18 SOFT-STRUCTURAL ALTERNATIVE: GABION MATTRESS BANK PROTECTION NET COST

Y: ASL-003/UPPER CAVE CREEK ATT 5_11_to_5_20

NET COST ESTIMATE IMPACTS (ACRES)
TOTAL LAND [RECLAIMED LOW MEDIUM HIGH TOTAL
CONSTRUCTION| PURCHASE LAND ARCHEOLOGICAL | VALUE VALUE VALUE | IMPACT
COST COST BENEFIT | NET COST AREA HABITAT | HABITAT | HABITAT | AREA
UPPER CAVE CREEK
Braided %0 $85,970 $60,515 | $25455 | 2 - J 0 5 b BN
Mined %0 $957,370 $12,335 $945,035 0 i 19 13 8 40
Cliff  $3,898,522 $1,479,810 | $2,234,325 | $3,144,007 13 3 33 21 | 70
Grade Control $2,216,332 I $2,216,332 R '
System Total $6,114,854 | $2,523,150 | $2,307,175 | $6,330,829 [ 15 22 51 34 122
APACHE WASH
Hackberry $1,203,328 | $21,910 | $1,683,320 | -$458,082 | 0O 38 6 9 - 53
Union Hills ' $0 $63,440 $6,480 $56,960 0 11 5 | =z 18
Upper $3,170,386 | $1,535 | $2,514,100 | $657,821 | 0 57 3 2 62
Wash Total $4,373,714 $86,885 | $4,203,900 | $256,699 0 106 | 14 | 13 133
PARADISE WASH
Wash Total |  $616,582 $0 $620,880 | -$4,298 0 2 26 10 - 58
DESERT HILLS WASH
Wash Total $1,139,651 $0 $1,277,165 | -$137,514 0 22 1 | 1 | 24
System Total $6,129,947 $86,885 | $6,101,945 | $114,887 0 150 41 24 215
ALT. TOTAL $12,244,801 $2,610,035 | $8,409,120 | $6,445,716 15 172 92 58 337
UPPER CAVE CREEK APACHE WASH WATERCOURSE MASTER PLAN o




Table 8-5.19 SOFT-STRUCTURAL ALTERNATIVE: CSA BANK PROTECTION NET COST

NET COST ESTIMATE IMPACTS (ACRES)
TOTAL LAND RECLAIMED LOW MEDIUM HIGH TOTAL
CONSTRUCTION | PURCHASE LAND ARCHEOLOGICAL | VALUE VALUE VALUE | IMPACT
COST COST BENEFIT NET COST AREA HABITAT | HABITAT | HABITAT | AREA
UPPER CAVE CREEK
Braided $0 $85,970 $60,515 $25,455 2 0 5 | 5 12
Mined $0 $957,370 $12,335 $945035 | 0 19 13 - 8 40
CIiff E $2,876,197 $1,479,810 | $2,234,325 | $2,121682 | = 13 - 3 | ™| 21 70
Grade Control $2,216,332 $2,216,332 | ' I - )
System Total $5,092,529 $2,523150 | $2,307,175 | $5,308,504 15 22 51 34 122
APACHE WASH
Hackberry $928,658 $21,910 $1,683,320 | -$732,752 R 38 6 | 9 53
Union Hills B $0 $63440 | $6480 | $56,960 0 11 | s 2 18
Upper $2,512,081 $1,535 $2,514,100 -$484 i 0 57 2 | =2 62
Wash Total $3,440,739 $86,885 $4,203,900 | -$676,276 0 106 4 13 133
PARADISE WASH
Wash Total $517,087 %0 $620,880 | -$103,793 | 0 2 | 28 10 58
DESERT HILLS WASH
Wash Total $1,304,646 $0 $1,277,165 | $27,481 = 0 22 |1 1 24
System Total $5,262,472 $86,885 $6,101,945 | -$752,588 | 0 150 41 24 215
ALT. TOTAL $10,355,001 $2,610,035 | $8,409,120 | $4,555,916 15 172 92 58 337
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Table 8-5.20  NONSTRUCTURAL ALTERNATIVE NET COST

NET COST ESTIMATE IMPACTS (ACRES)
TOTAL LAND |RECLAIMED LOW MEDIUM HIGH
CONSTRUCTION| PURCHASE COST ARCHEOLOGICAL| VALUE VALUE VALUE
COST COST BENEFIT | NET COST AREA HABITAT | HABITAT | HABITAT
UPPER CAVE CREEK
Braided $0 $524,930 $0 | $524,930 0 B 0 g A
Mined $0 $2,958,235 $0  $2,958,235 0 : 0 0 0
Cliff $0 $2,095,100 $0 0 $2095100 | 0 0 |  © 0
Grade Control  $2,216,332 - $2,216,332 | ' R
System Total $2,216,332 $5,578,265 $0 $7,794,597 0 0 0 0
APACHE WASH 6 . - B T
Hackberry $0 $1,029605 |  $0 | $1,029,605 g 0 0 0o
Union Hills | 4o ©$950,965 |  $0 $950965 | 0 0 | ® 0
Upper gl $0 $541,510 $0 $541,510 0 - 0
Wash Total %0 ~ $2,522,080 $0 $2522,080 | 0 0 0 0
PARADISE WASH
Wash Total S0 | $2,478,265 $0 | $2,478,265 0 [T 0
DESERT HILLS WASH
Wash Total i $0 $13,815 $0 $13,815 g, "t o8 "I - | &
System Total $0 $5,014,160 $0 $5,014,160 e . 0 0
ALT. TOTAL $2,216,332 | $10,592,425 $0 $12,808,757 0 0 0 0
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8-5.7 Summary of Results

Table 8-5.21 below summarizes the total net costs and resource impacts for all
alternatives and bank protection options considered for the entire study area. The total
net costs account for the construction costs for the bank protection type being considered,
as well as the land costs and benefits described previously.

If cost was the sole criterion, the alternative of choice would be the Full-Structural
Alternative with CSA bank protection. It has the lowest total net cost at an estimated
$0.4M. However, this alternative has the highest total amount of habitat and
archeological impacts with 722 acres. In terms of least habitat and archeological impacts,
the Nonstructural Alternative would be the alternative of choice since it impacts “zero” of
these acres. The next section of this report will describe the criteria and process used to
evaluate the three alternatives and identify the recommended alternative.

Table 8-5.21 COMPARISON OF NET COSTS AND IMPACTS

Riprap Gabion Mattress CSA Impacts
($Millions) ($Millions) ($Millions) | (Acres)
Full-Structural Alternative 7.6 5.1 0.4 122
Soft-Structural Alternative 7.7 6.4 4.6 337
Nonstructural Alternative 0 0 12.8* 0

* no CSA required. Only structural cost is for reinforced concrete grade-control structure.
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8-6.0 EVALUATION OF ALTERNATIVES
8-6.1 Criteria and Procedure

The evaluation of the proposed watercourse management alternatives was accomplished
by measuring how successful each alternative is at achieving the goals of the WCMP by
applying criteria that are indicators that the goals are met. The evaluation of the
management alternatives is based on three, weighted criterion - Public Safety Impacts,
weighted a 10; Social/Environmental Impacts, weighted a 9; and Economic Impacts,
weighted an 8. The weighting factor represents the “relative importance” of each
criterion in the evaluation process. The weighting factors were measured on a scale of 1
to 10, where a score of 10 represented highest importance. The criteria and weighting
factors were developed through application of a value engineering process, with
consensus reached between the consultant team and representatives of the District.

A rating system was used to measure the effectiveness of each alternative at meeting each
criterion. The rating system ranged from 1 to 5. A value of 1 represented a “very low”
rating at meeting the goals of the WCMP, a value of 2 represented a “low” rating, a value
of 3 represented a “moderate” rating, a value of 4 represented a “high” rating, and a value
of 5 represented a “very high” rating. The highest total score possible for an alternative
was 135. The evaluation criteria and weights of importance are listed in Table 8-6.1.

Table 8-6.1
CRITERIA & WEIGHTING FACTORS FOR EVALUATION OF WATERCOURSE MANAGEMENT ALTERNATIVES
Evaluation Criteria Weighting Factor Maximum
(0-10) Possible Score *
Public safety 10 50
Social and environmental 9 45
Economic 8 40
Maximum Possible Score for an Alternative: 135

* Maximum Possible Score = Weighting Factor x Rating Factor of 5

The evaluation for Upper Cave Creek was done separately from the Apache Wash
system. The evaluation for the Apache Wash system included Desert Hills Wash and

Paradise Wash.

Each evaluation criterion is made up of several elements. The elements provide a means
of measuring the effectiveness of the alternative being evaluated, relative to the WCMP
goals. For each alternative, the effectiveness is quantified by assigning a rating factor of
one (1) to five (5) to each element, with five being the most effective. Because
traditional floodplain management policy allows encroachment to the FEMA 100-year
floodway limit, the Full-Structural Alternative was selected as the standard to which all
other alternatives are compared.
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Each element is defined and the rating range is described. A benchmark rating is then
. assigned to the Full-Structural Alternative, and the other two alternatives are typically
measured against the Full-Structural Alternative and rated accordingly. Some of the
elements carry more weight than others. For this reason, the element ratings are totaled
and normalized to provide a score between one (1) and five (5) for each criterion. The
normalized score is then multiplied by the criterion weight to determine the criterion
score. Finally, the three criterion scores are added to provide the total alternative score.

8-6.2 Elements and Ratings

The ratings for the elements described below account for the general assumption that the
land use and landscape character that exists today will not exist when the pressure to
develop the study area becomes great enough to implement the selected management
alternative. At the time of implementation, it is assumed that the land use will have
changed to reflect the low-density residential area (1-2 units/acre) used as the baseline for
this study, and that the infrastructure necessary to support such land use will be in place.

8-6.2.1 Public Safety

The public safety criterion is based on evaluating the threat for loss of human life and
possible damage to homes and property resulting from implementation of a given
alternative. This criterion is an indicator of how well the proposed management
alternative will succeed in reducing or eliminating life threatening, or potentially life

. threatening, flood and erosion related hazards, as well as reducing the potential for flood
and erosion related damage to public and private properties. This criterion is also an
indicator of how well the proposed management alternative will succeed in achieving
overall public safety.

The evaluation of the public safety criterion is based on the effectiveness of each
alternative in satisfying the ten (10) elements described below. The elements account for
various types of risk, hazards, and impacts associated with development encroaching into
natural watercourses. All the elements under the public safety criterion were assumed to
have equal weight.

Cumulative Encroachment Impacts. It is a well-known fact that removing the storage
capacity in channel over-bank areas by placing earthen fill or levees can effectively
increase peak discharges in a natural watercourse. This element is included to rate the
three alternatives in this regard. The HEC-1 hydrologic models used to estimate the
runoff rates and volumes from the Apache Wash and Upper Cave Creek watersheds were
modified to reflect the loss of over-bank storage and rerun for the structural alternatives
to quantify the increase in peak 100-year discharges. The greater the encroachment, the
greater the increase in peak discharge, and the less effective the alternative will be at
meeting the WCMP goals.

Using the modified HEC-1 results, a relative scale was developed to rate the alternatives.
. An alternative with no increase in the 100-year peak discharge is rated a five (5), an
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increase of 5 percent is rated a three (3), and an increase of 10 percent or greater is rated a

. one (1).

The Full-Structural Alternative produced a 5.1 percent increase in 100-year peak
discharge at the downstream study limit for Upper Cave Creek and a 7.7 percent increase
at the downstream study limit for Apache Wash. The alternative was given ratings of
three (3) and two (2), respectively.

The Soft-Structural Alternative produced a 2.8 percent increase in 100-year peak
discharge at the downstream study limit for Upper Cave Creek and a 4.9 percent increase
at the downstream study limit for Apache Wash. The alternative was given ratings of
four (4) and three (3), respectively.

The Nonstructural Alternative does not encroach upon the FEMA 100-year floodplain on
any of the watercourses within the study area, therefore, it is rated a five (5) for both the
Upper Cave Creek and Apache Wash watercourse systems.

Localized Erosion Impacts. Because the proposed levee encroachments into the FEMA
100-year floodplain may begin and/or end between the cross-sections used to define
hydraulic design parameters, the actual hydraulics at these locations may be more severe
than those predicted. Consequently, a potential exists for localized erosion to occur in
excess of that used to design the bank protection at these begin/end levee locations,
referred to as terminals. The additional erosion could potentially undermine the proposed
bank protection and cause it to fail. The potential for this to occur is assumed to be
. proportional to the number of levee terminals associated with a given alternative. The
more terminals, the greater the potential for this type of failure to occur, and the less
effective the alternative. Alternatives that include frequent bank protection terminals are
rated a one (1), while alternatives with no bank protection terminals are rated a five (5).

The Full-Structural Alternative contains continuous bank protection where it encroaches
to the FEMA 100-year floodway limit. Consequently, it contains relatively few levee
terminals and is rated a four (4) for both Upper Cave Creek and the Apache Wash
system. The Soft-Structural Alternative contains more discontinuous sections of bank
protection. Consequently, it is rated a three (3) for both Upper Cave Creek and Apache
Wash. The Nonstructural Alternative contains no bank protection, therefore, it is rated a
five (5) for both Upper Cave Creek and the Apache Wash system.

Hydrologic Modeling Uncertainty. This element accounts for the possibility that the rate
of runoff was underestimated for the design event, due to an underestimation of the
rainfall intensity, the degree of imperviousness in the watershed, travel time, and other
modeling uncertainties. The net effect would be an underestimation of flood levels.
Because the conveyance area is reduced, the magnitude of the underestimated flood
levels is greater for alternatives that include encroachments into the 100-year floodplain.
Therefore, the measure of the effectiveness of a given alternative is based on the degree
of encroachment. The greater the encroachment, the greater the threat to public safety.
Alternatives that include full, continuous channelization and high levees to maximize the

‘ degree of encroachment are rated a one (1), while alternatives with no encroachment into
the 100-year floodplain are rated a five (5).
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The Full-Structural Alternative contains continuous bank protection and encroaches to

. the FEMA 100-year floodway limit along all watercourses in the study area. However,
the FEMA floodway can be narrower through greater encroachment or channelization.
Based on these characteristics, the Full-Structural Alternative is rated a three (3) for both
the Upper Cave Creek and Apache Wash watercourse systems.

Since the Soft-Structural Alternative contains less bank protection, fewer levees, and a
lesser degree of encroachment along all watercourses than the Full-Structural Alternative,
it is rated a four (4) for both the Upper Cave Creek and Apache Wash watercourse
systems.

The Nonstructural Alternative does not encroach upon the FEMA 100-year floodplain on
any of the watercourses within the study area, therefore, it is rated a five (5) for both the
Upper Cave Creek and Apache Wash watercourse systems.

Hydraulic Modeling Uncertainty.  This element accounts for the potential of
underestimating or overestimating intractable factors, such as the roughness of the
channel and over-bank areas, for the watercourses within the study area. The primary
consequence of underestimating roughness is actual flood levels that are higher than
predicted. The primary consequence of overestimating roughness is actual velocities
higher than predicted, which would, in turn, result in greater scour depths than predicted.
Since greater scour depths could affect the stability of structural features, the threat to the
general public is assumed to be proportional to the amount and extent of structural
. features and the degree of encroachment associated with a given alternative. Therefore,
the measure of effectiveness is based on the amount and extent of structural features and ‘
the degree of encroachment. Alternatives that include continuous levees and a maximum
degree of encroachment would be rated a one (1), while alternatives with no
encroachment into the 100-year floodplain are rated a five (5).

The Full-Structural Alternative encroaches to the FEMA 100-year floodway limit along
all watercourses in the study area. However, the FEMA 100-year floodway could be
narrower, so greater encroachment is possible. Also, the Full-Structural Alternative does
not contain continuous levees. Based on these characteristics, the Full-Structural
Alternative is rated a three (3) for both the Upper Cave Creek and Apache Wash
watercourse systems.

Since the Soft-Structural Alternative contains fewer levees, and a lesser degree of
encroachment along all watercourses than the Full-Structural Alternative, it is rated a four
(4) for both the Upper Cave Creek and Apache Wash watercourse systems.

The Nonstructural Alternative does not encroach upon the FEMA 100-year floodplain on
any of the watercourses within the study area, therefore, it is rated a five (5) for both the
Upper Cave Creek and Apache Wash watercourse systems.

Development Opportunity. This element represents the amount of land reclaimed from
. the FEMA 100-year floodplain by a given alternative and, thereby, made available for
potential development. The effectiveness of a given alternative, relative to the public
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safety criteria, is based on the degree of encroachment into the floodplain. The greater
the degree of encroachment, the greater the development opportunity, and the greater the

‘ risk of damage during a 100-year flood event. To measure effectiveness for this element,
the amount of land reclaimed from the floodplain was computed as a percentage of the
total floodplain area for each alternative for both Upper Cave Creek and the Apache
Wash system. The higher the percentage, the lower the rating will be for a given
alternative.

The proposed encroachment for the Full-Structural Alternative reclaimed approximately
30 percent of the total floodplain area of Upper Cave Creek and approximately 45 percent
of the total floodplain area of the Apache Watercourse system. For the Soft-Structural
Alternative, the values were approximately 6 percent and 21 percent, respectively. There
is no encroachment associated with the Nonstructural Alternative. Using this data and
other pertinent information, a relative rating was selected for each alternative, as
described below.

Berause greater encroachments are possible on both watercourses, the Full-Structural
Alternative was not rated less than two (2). Since the percent of floodplain area
reclaimed is similar for both Upper Cave Creek and Apache Wash (30 percent vs. 45
percent), this alternative was rated a two (2) for both watercourse systems.

The amount of floodplain reclaimed by the Soft-Structural Alternative is less than that for
the Full-Structural Alternative. Since the percent of floodplain area reclaimed from
Upper Cave Creek is significantly less than that from Apache Wash for this alternative (6

. percent vs. 21 percent), Upper Cave Creek was rated a four (4), while Apache Wash was
rated a three (3).

Since there is no encroachment associated with the Nonstructural Alternative, it was rated
a five (5) for both Upper Cave Creek and Apache Wash.

Risk of Failure. This element accounts for the risk that a structural feature may fail
during a flood event. The measure of risk is assumed to be proportional to the length of
levees included in the alternative being evaluated, i.e., the more levees the higher the
inherent risk of a failure. An alternative that needs continuous levees to provide the
desired encroachment would be rated a one (1), while an alternative with no levees would
receive a rating of five (5). The length of levees was measured for each alternative and a
relative rating was selected, as described below.

The Full-Structural Alternative contains approximately 27,000 feet of levee along Upper
Cave Creek and approximately 46,000 feet of levee along the Apache Wash system.
This alternative was given ratings of three (3) and two (2), respectively.

The Soft-Structural Alternative contains approximately 9,000 feet of levee along Upper

Cave Creek and approximately 21,000 feet of levee along the Apache Wash system. The
alternative was given ratings of four (4) and three (3), respectively.
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Since there is no encroachment associated with the Nonstructural Alternative, no levees
are proposed and the alternative was rated a five (5) for both Upper Cave Creek and
Apache Wash.

Flood Events Greater Than Design. This element accounts for the fact that flood
magnitudes greater than those used for analysis or design are expected in the long term.
When such floods occur, some degree of failure or damage can be expected for any
alternative. The measure of the threat to public safety is assumed to be proportional to
the degree of encroachment into the FEMA 100-year floodplain, i.e., the greater the
encroachment, the greater the threat. Since the occurrence of such an event represents a
threat to public safety for all alternatives, the highest rating given for this element is a
four (4). An alternative that includes the maximum possible encroachment into the
FEMA 100-year floodplain would be rated a one (1). An alternative whose non-
encroachment area extends beyond the FEMA 100-year floodplain at all locations would
receive a rating of five (5).

The Full-Structural Alternative encroaches to the FEMA 100-year floodway limit along
all watercourses in the study area. However, the FEMA 100-year floodway does not
reflect the allowable one-foot rise in water-surface, therefore, greater encroachment is
possible. For this reason, the Full-Structural Alternative is rated a two (2) for both the
Upper Cave Creek and Apache Wash watercourse systems.

The proposed encroachment into the floodplain by the Soft-Structural Alternative is both
less severe and less frequent than the Full-Structural Alternative, but greater than the

. Nonstructural Alternative. For this reason, the Soft-Structural Alternative is rated a three
(3) for both the Upper Cave Creek and Apache Wash watercourse systems.

The Nonstructural Alternative does not encroach upon the FEMA 100-year floodplain on
any of the watercourses within the study area, however, the encroachment area does not
extend beyond the FEMA 100-year floodplain at all locations. Therefore, the alternative
is rated a four (4) for both the Upper Cave Creek and Apache Wash watercourse systems.

Flood Events Less Than Design. This element accounts for the level of protection
provided to the public for flood magnitudes less than those used for analysis and design.
The 10-year flood event was used to evaluate the alternatives in this regard. The results
of the evaluation indicate that all alternatives have been designed to provide sufficient
protection against flood events less than design through a combination of bank protection
and setback distances. Consequently, all alternatives are rated a five (5) for both Upper
Cave Creek and the Apache Wash system.

Emergency Response. This element accounts for the ease of access to the main channel
at any point along the watercourses in the study area, for a given alternative, should an
emergency response be necessary. Barriers to such access can be man-made, such as
levees, or natural topography. For this element, it is assumed that the street
infrastructure, or other available access to the study area, is the same for all alternatives.
The effectiveness of this element was measured according to the percent of channel (both
. banks) occupied by levees for each alternative. An alternative with no obstruction to
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access would be rated a five (5), while an alternative with continuous levees and no
. access ramps to the channel areas would be rated a one (1).

For the Full-Structural Alternative, access to the channel is limited to the locations where
ramps are provided in the proposed levees (approximately every 2000 feet). A higher
degree of encroachment is possible, therefore, levees could occupy a higher percentage of
the channel and further limit free access. For these reasons, the Full-Structural
Alternative is not rated less than two (2). Access is restricted along approximately 53
percent of the Cave Creek channel and 69 percent of the Apache Wash system.
Consequently, this alternative was given a relative rating of two (2) for both the Cave
Creek and Apache Wash systems.

For the Soft-Structural Alternative, access is obstructed along approximately 18 percent
of the Cave Creek channel and 32 percent of the Apache Wash system. This alternative
was given a relative rating of four (4) for the Cave Creek system and three (3) for the
Apache Wash system.

Since the Nonstructural Alternative contains no man-made obstructions to access, the
alternative was given a rating of five (5) for both the Cave Creek and Apache Wash

systems.

Incidental Use. This element accounts for the potential threat to public safety due to
incidental uses of the watercourse areas. Examples of such uses might be walking,
hiking, camping, or horseback riding. Since it is anticipated that incidental uses will be

. encouraged as a result of the WCMP, the potential for injury exists for all alternatives.
Therefore, the maximum rating possible is limited to a four (4). The potential for injury
is greater for alternatives containing structural features. For example, a person is more
prone to injury on steep bank protection than a mild natural slope. Accordingly, the
measure of the threat, due to structural features, is assumed to be proportional to the
length of bank protection associated with a given alternative. The more bank protection,
the lower the rating assigned to the alternative. An alternative with full channelization
and bank protection is consider worst-cast and would receive a rating of one (1).

The Full-Structural Alternative is not fully channelized, however, it provides
approximately 34,000 feet of bank protection along Cave Creek and approximately
60,000 feet of bank protection along the Apache Wash system. Consequently, the
alternative was given relative ratings of three (3) and two (2), respectively.

The Soft-Structural Alternative provides approximately 9,000 feet of bank protection
along Cave Creek and approximately 23,000 feet of bank protection along the Apache
Wash system. This alternative was rated a four (4) and three (3), respectively.

The Nonstructural Alternative contains no bank protection, however, incidental use of the
washes is expected. Therefore, the alternative was rated a four (4) for both the Cave

Creek and Apache Wash systems.

. The ratings for the public safety criterion are summarized on Table 8-6.2 which follows.
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Table 8-6.2
RATING FOR PUBLIC SAFETY CRITERION

Evaluation Criteria Full-Structural | Soft-Structural | Nonstructural
(0)) 2) (€) “
Upper Cave Creek

Cumulative encroachment impacts 3 4 5
Local erosion impacts - 3 5
Hydrologic modeling uncertainty 3 4 5
Hydraulic modeling uncertainty 3 4 5
Development opportunity 2 4 5
Risk of failure 3 - 5
Flood events greater than design storm 2 3 4
Flood events less than design storm 5 5 5
Emergency response 2 4 5
Incidental use 3 4 4

Average Rating for Upper Cave Creek: 3.0 3.9 4.8

Apache, Paradise and Desert Hills Washes

Cumulative encroachment impacts 2 3 >
Local erosion impacts 4 3 5
Hydrologic modeling uncertainty 3 4 5
Hydraulic modeling uncertainty 3 4 5
Development opportunity 2 3 5
Risk of failure 2 3 5
Flood events greater than design storm 2 3 4
Flood events less than design storm 5 5 5
Emergency response 2 3 5
Incidental use 2 3 4

Average Rating for Apache Wash System: 2.7 3.4 4.8

8-6.2.2 Social/Environmental

The evaluation of the Social/Environmental criterion is based on the effectiveness of each
alternative in satisfying the six (6) elements described below. The importance of these
elements to the overall criterion varies. Therefore, each element is weighted on a scale of
one (1) to ten (10) according to the consensus reached between the consultant team and
representatives of the Flood Control District.

Community Acceptance. This element is weighted a nine (9). It accounts for the input
received from the public involvement process and the fact that the study area location is
primarily within the City of Phoenix Sonoran Preserve. Funding for the City of Phoenix
Sonoran Preserve Master Plan was approved by 80% of the voters in 1999, indicating the
broad support for preservation in the City. The Sonoran Preserve Master Plan evolved
through an extensive four-year public involvement process. The Sonoran Preserve
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Master Plan proposes the preservation of approximately 20,000 acres of desert and the
natural hydrologic processes within that area, and has the force of policy by action of the

. City Council. This reflects the nationwide trend towards promoting non-structural
approaches and ecosystem preservation, as witnessed by the removal of flood control
structures in many parts of the country. Federal agencies such as the U.S. Army Corps of
Engineers and the U.S. Bureau of Reclamation have, in recent years, significantly
changed their focus from hard engineering solutions to include non-structural
alternatives, preservation of natural hydrologic functions, and ecosystem restoration. The
specific input from the public involvement process was that the preservation of
watercourses and their associated habitat is more important than maximizing developable
land by destroying the natural hydrologic processes, which results from encroaching into
watercourses.

The effectiveness of the alternatives in meeting community acceptance is measured by
the amount of land preserved in its natural state as a percentage of the total study area.
The total study area is represented by the non-encroachment area for the Non-Structural
Alternative. An alternative that preserves this entire zone would be rated a five (5), while
an alternative that includes the maximum credible encroachment would be rated a
one (1).

The Full-Structural Alternative preserves approximately 67 percent of the study area in
the Cave Creek corridor and approximately 49 percent in the Apache Wash system. Even
though less than half of the study area is preserved in the Apache Wash system, the
degree of encroachment could be more severe than what is being proposed for this

. alternative. For this reason the alternative was given a relative rating of three (3) for
Cave Creek and two (2) for the Apache Wash system.

The Soft-Structural Alternative preserves approximately 89 percent of the study area in
the Cave Creek corridor and approximately 69 percent in the Apache Wash system. This
alternative was rated a four (4) for Cave Creek and a three (3) for the Apache Wash
system.

The Nonstructural alternative preserves 100 percent of the study area. As a result, the
alternative is rated a five (5) for both the Cave Creek and Apache Wash systems.

Complexity of Environmental Permitting. This element is also weighted a nine (9). It
focuses on the acquisition of the US Army Corps of Engineers 404 Permits and 401
Water Quality Certifications. The alternatives are measured based on the potential for
needing a 404 Permit, the level of 404 Permit required (Nationwide vs. Individual), and
the level of mitigation necessary to gain federal approval to construct the alternative. To
evaluate this element, it is assumed that alternatives with structural features will cause
disturbance to the land within the Waters of the United States. The more extensive the
structural features, the lower the rating. As an example, constructing a wide, rectangular,
concrete channel would place fill within the Waters of the United States, require an
Individual 404 Permit and 401 Water Quality Certification, and require extensive
mitigation measures to replace the relatively high-value habitat and vegetation associated
. with the undisturbed desert riparian wash. On a scale of one to five, an alternative
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supporting this type of structure would be rated as a one (1). Alternatives that do not
. include structural features would be rated a five (5).

The Full-Structural Alternative includes the construction of levees and bank protection
. along both sides of all the washes in the study area. However, as much of the main
* channel area as possible is left in its natural state. No lining of the channel bed is
‘ proposed. For this reason, this alternative was rated a two (2) for both the Cave Creek
and Apache Wash systems.

The Soft-Structural Alternative contains significantly less bank protection and, therefore,
less disruption to the area within the Waters of the U.S. As a result, this alternative was
rated a three (3) for both the Cave Creek and Apache Wash systems.

The Nonstructural Alternative does not contain levees or bank protection on either the
Cave Creek or the Apache Wash systems. However, the Nonstructural Alternative does
contain a grade-control structural on Cave Creek, which would require a 404 Permit.
Consequently, this alternative was rated a four (4) on Cave Creek and a five (5) on
Apache Wash.

Impact on Wildlife Habitat. This element is weighted a six (6). It accounts for the
potential impact on wildlife habitat by the proposed alternatives and how well the
proposed management alternative will succeed in preserving or restoring the natural
riparian environment found along the study watercourses. The most important indicator
. of this is the ability of a given alternative to preserve wildlife habitat or minimize

disruption to existing habitat.

The measure of the impact is quantitative and based on the quality and acreage of wildlife |
habitat involved. The rating selected for a given alternative is based on the percent of

combined high- and medium-value habitat potentially lost to development, relative to the

total acreage of such habitat within the Cave Creek and Apache Wash corridors. The

total acreage is that within the non-encroachment area of the Nonstructural Alternative.

Alternatives that include full channelization would receive a rating of one (1) because

they would potentially impact all wildlife habitat within the study area. Alternatives that

do not impact any wildlife habitat within the study area would be rated a five (5).

The Full-Structural Alternative potentially impacts approximately 38 percent of the
existing medium- and high-quality habitat in the Upper Cave Creek corridor and
approximately 40 percent in the Apache Wash corridor. Since this alternative does not
include channelization and the encroachment could be more severe than that proposed,
the alternative is rated a three (3) for both the Upper Cave Creek and Apache Wash
systems.

The Soft-Structural Alternative potentially impacts approximately 14 percent of the

existing medium- and high-quality habitat in the Upper Cave Creek corridor and

approximately 17 percent in the Apache Wash corridor. Since this is less than half the

area impacted by the Full-Structural Alternative, the alternative is rated a four (4) for
. both the Upper Cave Creek and Apache Wash systems.
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The Nonstructural alternative does not impact any of the wildlife habitat in the study
area. As a result, the alternative is rated a five (5) for both the Upper Cave Creek and
. Apache Wash systems.

Visual Resource and Aesthetic Compatibility. This element is weighted a five (5). It is
an indicator of the overall appearance projected by the alternatives. The visual resource
and aesthetic compatibility criterion is based on the goals of the Sonoran Preserve Master
Plan. The key goal is maintaining the visual qualities and character identified in the
Sonoran Preserve Master Plan.

This element evaluates the relative degree of contrast between the various components of
the alternatives and their setting in the landscape. Visual contrast is based on spatial
dominance, visual compatibility, color, line, and form. The standard used to measure the
compatibility of a given alternative is the construction of a wide, rectangular, concrete
channel. Such a channel would spatially dominate the setting, have a high degree of
contrast in terms of color, line, and form, and would not be visually compatible with the
surrounding natural desert vegetation and landforms. A structure of this type would be
rated as a one (1). Alternatives that do not include structural features would be rated a
five (5).

The Full-Structural Alternative includes the construction of levees and bank protection
along both sides of all the watercourses in the study area. However, as much of the main
channel area as possible is left in its natural state. No concrete lining is included and
more levees would be necessary, if a higher degree of encroachment were proposed. For

. these reasons, this alternative is rated a three (3) for both the Upper Cave Creek and
Apache Wash systems.

The Soft-Structural Alternative contains significantly less bank protection and fewer
levees when compared to the Full-Structural Alternative. Therefore, the alternative
results in less visual contrast. For this reason, the alternative is rated a four (4) for both
the Upper Cave Creek and Apache Wash systems.

The Nonstructural Alternative does not contain levees or bank protection on either the
Upper Cave Creek or the Apache Wash systems. Consequently, this alternative was rated
a five (5) for both the Upper Cave Creek and the Apache Wash systems.

Multi-use Opportunities. This element is weighted a four (4). It is an indicator of the
potential for using the non-encroachment area for uses other than flood and erosion
control. Examples of such uses included passive and active recreation, trails, and open
space. The effectiveness of the criterion is based on the extent of multi-use opportunities
that result from implementing a given alternative.

The alternatives were assessed based on their ability to accommodate multi-use
trails/pathways, their compatibility with other potential recreation facilities in terms of
access, and user’s experience on the trail/pathway. The standard used to evaluate the
alternatives is a combination of channel type and available access. Multi-use
. opportunities associated with a wide, rectangular, concrete channel with limited access
points would be rated as a one (1) due to the limitations in accommodating equestrian
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use, the restriction on potential connections to other recreation facilities, and the less than
desirable user experience. Alternatives that permit unlimited access to a natural channel
. environment would be rated a five (5).

As stated previously, the Full-Structural Alternative includes the construction of levees
along both sides of all the watercourses in the study area. However, as much of the main
channel area as possible is left in its natural state. No concrete lining is included and
longer levees would be necessary, if a higher degree of encroachment were proposed.
Ramps are proposed at approximately 2000-foot intervals to provide access to the
channel bottom. Based on these characteristics, this alternative is rated a two (2) for both
the Upper Cave Creek and Apache Wash systems.

The Soft-Structural Alternative contains significantly less length of levees when
compared to the Full-Structural Alternative. Under this alternative, however, Upper Cave
Creek would contain approximately half the length of levee, measured as a percent of the
total bank length (18% vs. 32%), when compared to the Apache Watercourse system. To
account for this, the alternative is rated a four (4) for Upper Cave Creek and a three (3)
for the Apache Wash system.

The Nonstructural Alternative proposes natural channel areas without structural features
that would obstruct access. Consequently, this alternative was rated a five (5) for both
the Upper Cave Creek and the Apache Wash systems.

Impact on Cultural Resources. This element is also weighted a four (4). It accounts for

. the potential impact on cultural resources by a given alternative. It is also an indicator of
how well the alternatives will succeed in preserving cultural resources. The measurement
of the potential impact is based on the acreage of known cultural resources potentially
lost due to development, as a percentage of the total acreage of known cultural resources
along the Upper Cave Creek and Apache Wash corridors. The total acreage of known
cultural resources is that contained within the non-encroachment area of the
Nonstructural Alternative. An alternative that impacts all of the known cultural resources
would be rated a one (1), while an alternative that impacts none of the known cultural
resources would be rated a five (5).

The Full-Structural Alternative impacts approximately 52 percent of the known cultural
resource areas along Upper Cave Creek, but does not impact any areas identified along
the Apache Wash system. Since the degree of encroachment could be more severe than
that proposed by the Full-Structural Alternative, the alternative was given a relative
rating of two (2) for the Upper Cave Creek watercourse. Since there was no impact, it
was rated a five (5) for the Apache Wash system.

The Soft-Structural Alternative impacts approximately 14 percent of the known cultural
resource areas along Upper Cave Creek, but also does not impact any areas identified
along the Apache Wash system. Since over 70 percent less acreage is impacted by this
alternative, compared with the Full-Structural Alternative, it was rated a four (4) on the
Upper Cave Creek watercourse. Since there was no impact, it was rated a five (5) for the

. Apache Wash system.
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The Nonstructural Alternative does not impact cultural resources on either watercourse.
. Therefore, it was rated a five (5) for both the Upper Cave Creek and Apache Wash
systems.

8-6.2.3 Economic Criteria

The evaluation of the economic criterion is based on the effectiveness of each alternative
in satisfying two (2) elements that will be described below. The importance of these
elements to the overall criterion also varies. Again, each element is weighted on a scale
of one (1) to ten (10) according to the consensus reached between the consultant team
and representatives of the Flood Control District.

Implementation Cost. This element is weighted an eight (8). This element represents the
estimated cost of the proposed management alternative to the public, either through
increased development costs passed onto future residents of the area who will directly
benefit from the improvements (local public) or the costs to the general public. This cost
considers the structural improvements necessary to implement the proposed management
alternative (a positive cost), the value of land within the Regulatory Line reclaimed from
the floodplain by the structural improvements (a negative cost, i.e. benefit), and the value
of land outside the Regulatory Line that must be obtained to implement the alternative (a
positive cost). Added together, these costs represent the total net cost of the alternative,
as described in Section 5.

The effectiveness of a given alternative is measured by using the total net cost. The

. lower the net cost, the higher the rating for the alternative. The alternative with the
lowest net cost in either the Upper Cave Creek or the Apache Wash system is rated a five
(5), while the alternative with the highest net cost is rated one (1). The CSA bank
protection is the least costly armor type for both Upper Cave Creek and Apache Wash.
Therefore, the cost of this option is used in the evaluation process. The derivation of
these costs is described in Section 5 of this attachment.

For the Full-Structural Alternative, the net cost is estimated to be $1.1M for Upper Cave
Creek and $-0.7M for the Apache Wash system. The alternative was rated a four (4) and
a five (5), respectively.

For the Soft-Structural Alternative, the net cost is estimated to be $5.3M for Upper Cave
Creek and $-0.8M for the Apache Wash system. The alternative was rated a two (2) and
a five (5), respectively.

For the Nonstructural Alternative, the net cost is estimated to be $7.8M for Upper Cave
Creek and $5.0M for the Apache Wash system. The alternative was rated a one (1) and a
two (2), respectively.

Maintenance Cost. This element is weighted a one (1). It accounts for the potential
maintenance costs associated with the structural components of the three alternatives. It ‘
has been assumed that such costs are proportional to the length of bank protection
. proposed for a given alternative. The greater the bank protection length, the higher the
potential maintenance cost and the lower the rating. However, since more severe
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8-6.3

encroachment is possible, it is also assumed that maintenance costs can be greater than
those expected for the Full-Structural Alternative proposed. Therefore, the Full-
Structural Alternative is not rated less than a two (2). An alternative with no bank
protection would be rated a five (5).

The Full-Structural Alternative requires construction of approximately 34,000 lineal feet
of bank protection for Upper Cave Creek and approximately 60,000 lineal feet for the
Apache Wash system. Therefore, the alternative was rated a three (3) for Upper Cave
Creek and a two (2) for the Apache Wash system.

The Soft-Structural Alternative calls for approximately 9,000 lineal feet of bank
protection for Upper Cave Creek and approximately 23,000 lineal feet for the Apache
Wash system. This alternative was rated a four (4) and a three (3), respectively.

Since there is no bank protection associated with the Nonstructural Alternative for either
Upper Cave Creek or the Apache Wash system, the alternative was rated a five (5) for

both.
Summary of Results

The scoring results for each alternative by watercourse one shown in Tables 8-6.3
through 8-6.5. A summary of scoring for the Upper Cave Creek and Apache, Paradise
and Desert Hills Washes alternatives is shown in Table 8-6.6.
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Table 8-6.3

SCORING FOR FULL-STRUCTURAL ALTERNATIVE

Evaluation Criteria Rating (1-5) | Weighting Factor | Score [(2)x(3)]
1) 2) 3) 4)

UPPER CAVE CREEK
Public Safety Criteria
Public safety 3 10 30.0
Totals: - 10 30.0
Composite Public Safety Criteria Rating (Score/Sum of weighting factors): 3.0
Economic Criteria
Implementation cost 4 8 32.0
Maintenance cost 3 1 3.0
Totals: -— 9.0 35.0
Composite Economic Criteria Rating (Score/Sum of weighting factors): 3.9
Social and Environmental Criteria
Community acceptance 3 9 27.0
Complexity of environmental permitting 2 9 18.0
Impact on wildlife habitat 3 6 18.0
Visual resource and aesthetic compatibility 3 5 15.0
Multi-use opportunities 2 - 8.0
Impact on cultural resources 2 - 8.0
Totals: --- 37.0 94.0
Composite Social and Environmental Criteria Rating (Score/Sum of weighting factors): 2.5
APACHE, PARADISE AND DESERT HILLS WASHES
Public Safety Criteria
Public safety 2.7 10 27.0
Totals: --- 10 27.0
Composite Public Safety Criteria Rating (Score/Sum of weighting factors): 2.7
Economic Criteria
Implementation cost 5 8 40.0
Maintenance cost 2 1 2.0
Totals: - 9.0 42.0
Composite Economic Criteria Rating (Score/Sum of weighting factors): 4.7
Social and Environmental Criteria:
Community acceptance 2 9 18.0
Complexity of environmental permitting 2 9 18.0
Impact on wildlife habitat 3 6 18.0
Visual resource and aesthetic compatibility 3 5 15.0
Multi-use opportunities 2 - 8.0
Impact on cultural resources 5 -+ 20.0
Totals: - 37.0 97.0
Composite Social and Environmental Criteria Rating (Score/Sum of weighting factors): 2.6
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SCORING FOR SOFT-STRUCTURAL ALTERNATIVE

Table 8-6.4

Evaluation Criteria Rating (1-5) | Weighting Factor | Score [(2)x(3)]

1) (2) 3) 4)
UPPER CAVE CREEK
Public Safety Criteria
Public safety 3.9 10 39.0
Totals: --- 10 39.0
Composite Public Safety Criteria Rating (Score/Sum of weighting factors): 3.9
Economic Criteria
Implementation cost 2 8 16.0
Maintenance cost 4 1 4.0
Totals: --- 9.0 20.0
Composite Economic Criteria Rating (Score/Sum of weighting factors): 2.2
Social and Environmental Criteria
Communi{y acceptance 4 9 36.0
Complexity of environmental permitting 3 9 27.0
Impact on wildlife habitat 4 6 24.0
Visual resource and aesthetic compatibility 4 5 20.0
Multi-use opportunities 4 4 16.0
Impact on cultural resources 4 4 16.0
Totals: - 37.0 139.0
Composite Social and Environmental Criteria Rating (Score/Sum of weighting factors): 3.8
APACHE, PARADISE AND DESERT HILLS WASHES
Public Safety Criteria
Public safety 3.4 10 34.0
Totals: --- 10 34.0
Composite Public Safety Criteria Rating (Score/Sum of weighting factors): 34
Economic Criteria
Implementation cost 5 8 40.0
Maintenance cost 3 1 3.0
Totals: --- 9.0 43.0
Composite Economic Criteria Rating (Score/Sum of weighting factors): 4.8
Social and Environmental Criteria:
Community acceptance 3 9 27.0
Complexity of environmental permitting 3 9 27.0
Impact on wildlife habitat 4 6 24.0
Visual resource and aesthetic compatibility 4 5 20.0
Multi-use opportunities 3 4 12.0
Impact on cultural resources 5 4 20.0
Totals: --- 37.0 130.0
Composite Social and Environmental Criteria Rating (Score/Sum of weighting factors): 3.5
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Table 8-6.5
SCORING FOR NONSTRUCTURAL ALTERNATIVE

Evaluation Criteria Rating (1-5) | Weighting Factor | Score [(2)x(3)]

1) 2) ) 4)
UPPER CAVE CREEK
Public Safety Criterion
Public safety 4.8 10 48.0
Totals: - 10 48.0
Composite Public Safety Criterion Rating (Score/Sum of weighting factors): 4.8
Economic Criteria
Implementation cost 1 8 8.0
Maintenance cost 5 1 5.0
Totals: - 9.0 13.0
Composite Economic Criterion Rating (Score/Sum of weighting factors): 1.4
Social and Environmental Criterion
Community acceptance 5 9 45.0
Complexity of environmental permitting 4 9 36.0
Impact on wildlife habitat S 6 30.0
Visual resource and aesthetic compatibility 5 5 25.0
Multi-use opportunities 5 4 20.0
Impact on cultural resources 5 4 20.0
Totals: --- 37.0 176.0
Composite Social and Environmental Criterion Rating (Score/Sum of weighting factors): 4.8
Apache, Paradise and Desert Hills Washes
Public Safety Criterion
Public safety 4.8 10 48.0
Totals: - 10 48.0
Composite Public Safety Criterion Rating (Score/Sum of weighting factors): 4.8
Economic Criterion
Implementation cost 2 8 16.0
Maintenance cost 5 1 5.0
Totals: --- 9.0 21.0
Composite Economic Criterion Rating (Score/Sum of weighting factors): 23
Social and Environmental Criterion:
Community acceptance 5 9 45.0
Complexity of environmental permitting 5 9 45.0
Impact on wildlife habitat 5 6 30.0
Visual resource and aesthetic compatibility 5 5 25.0
Multi-use opportunities 5 o 20.0
Impact on cultural resources 5 4 20.0
Totals: - 37.0 185.0
Composite Social and Environmental Criterion Rating (Score/Sum of weighting factors): 5.0
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Table 8-6.6
SUMMARY OF SCORING FOR UPPER CAVE CREEK, APACHE, PARADISE & DESERT HILLS WASHES ALTERNATIVES

Evaluation Criteria Weighting| Full-Structural | Soft-Structural Nonstructural
Factor | Rating | Score* | Rating | Score* | Rating Score*
@ (09 (€)) C)) 6 (6) (7) ()
Upper Cave Creek J
Public Safety Criterion 10 3.0 30.0 3.9 39.0 4.8 48.0 1
Economic Criterion 8 3.9 3152 22 17.6 1.4 11.2
Social and Environmental Criterion 9 2.5 22.5 3.8 34.2 4.8 432
Total Scores for Upper Cave Creek: - - 83.7 - 90.8 - 102.4
Apache, Paradise and Desert Hills Washes
Public Safety Criterion 10 2.7 27.0 3.4 34.0 4.8 48.0 ‘
Economic Criterion 8 4.7 37.6 4.8 38.4 23 18.4 1
Social and Environmental Criterion 9 2.6 23.4 35 31.5 5.0 45.0 |
Total Scores for Apache Wash System: - - 88.0 - 103.9 - 111.4 }
Watercourse Master Plan
Public Safety Criterion - - 57.0 - 73.0 - 96.0
Economic Criterion - - 68.8 --- 56.0 - 29.6 1
Social and Environmental Criterion - - 459 --- 65.7 --- 88.2 i
Watercourse Master Plan Total Scores : - - 171.7 - 194.7 -—- 213.8 ,

*Score = Weighting Factor x Rating Factor

8-6.3.1

Recommended Watercourse Master Plan

The recommended management plan for the WCMP is the Nonstructural Alternative.
The most important criterion for evaluation of the WCMP alternatives is public safety.
The Nonstructural Alternative achieved a total score of 96, as compared to scores of 57
and 73 for the Full-Structural and Soft-Structural Alternatives, respectively. This
alternative achieved a total score of 102.4 out of a possible 135 points for Upper Cave
Creek, a total score of 111.4 points for the Apache Wash system, and a combined total of
213.8 points for the WCMP study area. These total scores exceeded the scores for the
other two alternatives. The Nonstructural Alternative is clearly the most successful at
meeting the WCMP goals. A key factor supporting the Nonstructural Alternative is that
it also meets the corresponding goals of the Sonoran Preserve Master Plan.

The State land included within the non-encroachment area of the Non-Structural
Alternative, which is the vast majority of the area, is entirely within the land slated for
purchase under the Arizona Preserve Initiative. However, an API designation does not
guarantee preservation. The API designation is only good for a maximum of 7 years.
After that time frame, the State Land Department is free to place the land on the open
market for development. If sold, the State Land Department must sell the land at market
value. It is recommended that the land within the non-encroachment area of the
Nonstructural Alternative be designated a very high priority for acquisition under the
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API. Successful implementation of the Nonstructural Alternative is contingent upon the
and acquisition, or if land acquisition becomes infeasible, upon regulatory control of that
. area through such methods as zoning and density transfers.
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8-7.0 GLOSSARY

100-year Flood - A flood with a 100-year recurrence interval. The 100-year flood for the study
area results from an average of 5.0-inches of precipitation over the entire watershed within a 24-
hour period. The 2-year and 10-year floods result from 24-hour precipitations of 2.3-inches and
3.4-inches, respectively.

Acre-feet - An acre-foot of sediment is an acre of land covered by sediment 1 foot deep.

Aggradation - Aggradation is the progressive raising, over time, of a channel bed in a reach due
to sedimentation.

Avulsion - An avulsion occurs when the main channel relocates to another part of the floodplain
during a flood. This movement may occur suddenly as a result of a single large storm, although
a series of floods over a long period of time may also contribute to the avulsive process.

Bajada - A broad, continuous sloping plain, formed by progressive sediment deposition,
extending from the base of a mountain range.

Bed-form scour - The bed-form scour component accounts for the dynamic changes that occur in
the shape of a moveable channel bed during passage of a flood. The bed of a sand and gravel
channel actually forms wave-like anti-dunes with accompanying troughs, which migrate during a
flood event. The trough depth must be included in the estimate of total scour depth.

Braided Watercourse - A braided watercourse is one which contains multiple channels that
interconnect with each other. The floodplain of a braided watercourse is typically broader than
other types of watercourses.

Channel - For the purpose of this study, a channel is defined as the portion of a cross section of a
watercourse that carries stormwater. A channel is characterized by its bed and banks. The
channel bed is made up of sand, gravel and/or cobbles. The channel banks may be heavily
vegetated or have exposed soils. A watercourse cross section can have multiple channels. These
channels may vary in elevation in relation to each other.

Computer Models - Computer models are used in this study to simulate natural functions for
existing watershed and watercourse conditions, and to predict future watershed and watercourse
conditions. The following computer models are used in this study:

Hydrology: US Army Corps of Engineers HEC-1 program.
Hydraulics: US Army Corps of Engineers HEC-2 and HEC-RAS programs.
Sediment Transport: US Army Corps of Engineers HEC-6 program.

Degradation - Degradation is the progressive lowering, over time, of the channel bed in a reach
due to erosion.
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Ephemeral Watercourse - An ephemeral watercourse is one in which runoff occurs only in
direct response to precipitation. An ephemeral watercourse does not have water flowing in it
year round.

Erosion - For the purpose of this study, erosion is defined as the natural process of flowing water
removing soil, sand, gravel, or cobbles within a watercourse. Erosion has the effect of changing
the watercourse geometry and increasing conveyance capacity. Erosion occurs naturally along
all watercourses, but can be accelerated by human activities such as removal of bank vegetation,
sand and gravel mining, or urbanization.

Existing Watershed Conditions - For the purpose of this study, existing watershed conditions are
defined as the watershed conditions at the beginning of the WCMP project in April 1998.

FEMA Base Flood Elevation - The FEMA Base Flood Elevation (BFE) is the elevation of the
100-year water surface elevation at the location in question.

FEMA 100-year Floodway Fringe - The FEMA 100-year floodway fringe is defined by FEMA
as the area inside the FEMA 100-year floodplain and outside the FEMA 100-year floodway.
According to FEMA regulations, buildings or other obstructions to flow can be constructed in
the FEMA 100-year floodway fringe provided the structures used for human habitation are raised
above the BFE.

FEMA 100-year Floodplain - The FEMA 100-year floodplain is defined by FEMA as an area
that is flooded by a 100-year recurrence interval storm. The area so defined is based on existing
watershed and ~ watercourse conditions at the time of the study. It does not include the effects,
over time, of erosion and sedimentation in the watercourse.

FEMA 100-year Floodway - The FEMA 100-year floodway is defined by FEMA as a regulatory
area that is reserved for conveyance of floodwaters, in which buildings or other obstructions are
not allowed. The FEMA 100-year floodway limits are established by determining the amount of
fill that can be placed in the FEMA 100-year floodplain without increasing the 100-year depth of
flow by more than 1-foot.

Floodplain Encroachment - Floodplain encroachment, as defined by FEMA, means that
development, including residential or commercial improvements, could be constructed within the
FEMA 100-year floodway fringe. This could be accomplished using fill to raise building floor
elevations above the FEMA 100-year floodplain elevation, or constructing levees to isolate the
FEMA 100-year floodway fringe from the FEMA 100-year floodway.

Future Watershed Conditions - For the purpose of this study, future watershed conditions are
defined as the watershed conditions resulting from future build-out development of the
watershed in accordance with the 1995 MAG General Land Use Plan.

Gabion mattress - A gabion mattress is a wire basket filled with rock that is used as a structural
measure for erosion protection.

Geomorphology - Geomorphology is the study of earth landforms and the processes that shape
and change them.
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Habitat Value - Habitat value refers to the suitability of the landscape for wildlife. Relative
habitat values were determined for the study area and were assigned as high, medium, and low.

Head-cut - For the purpose of this study, a head-cut is defined as the upstream migration of a
steep drop in the channel bottom. Such a drop can materialize through a sudden increase in the
slope of a channel that can be natural or human-induced, which in turn increases the velocity and
the erosive potential of the flowing water. This could impact a watercourse for miles. The head-
cut can also be created directly through human activities, such as in-stream sand and gravel
mining.

Hydraulics - For the purposes of this project, hydraulics is defined as the study of the ability of
the watercourse to carry storm water. The hydraulic models are used to estimate the depth,
width, velocity, energy, and travel time of flow through the study area.

Hydrology - For the purposes of this project, hydrology is defined as the study of surface water
runoff from the contributing watersheds. The hydrology models are used to estimate watershed
runoff volumes and peak flow rates in relation to time during storm events, for both existing and
future watershed conditions.

Lateral Channel Migration - For the purpose of this study, lateral channel migration is defined
as the movement of a channel within its floodplain through the processes of bank erosion or
channel avulsions. Bank erosion is a natural process whereby soil material is removed from the
channel banks during floods.

Main Channel - The main channel is defined as a channel that is continuous throughout the
watercourse and carries the most flow.

Natural Angle of Repose - The maximum angle of slope that can be maintained by the soil
material in a channel bank.

Non-Encroachment Area - For the purpose of this study, a non-encroachment area is the area
within a watercourse management alternative where no floodplain encroachment is allowed. The
uses permitted within the non-encroachment area are:

Drainage and stormwater conveyance, in an undisturbed desert state.

Open-space,  unimproved  (undisturbed  desert = with  native  landscape
enhancements/restoration permitted).

Open-space, improved (limited to passive and active recreational activities including
hiking/riding trails and similar activities within a desert landscape).

Reach - For the purpose of this study, a reach is defined as a portion of a watercourse in which
watercourse characteristics are similar throughout the reach. Reaches can be defined based on
hydrologic, hydraulic or geomorphologic similarities, or on similarities in biologic, visual, or
landscape characteristics.
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Recurrence Interval - A recurrence interval storm or flood is defined as a storm or flood that has
a specific probability of occurring within any given year. For example, the 100-year recurrence
interval storm or flood has a 1% probability of being equaled or exceeded in any given year. The
other two recurrence interval storms or floods considered in this study are the 2-year (50%
probability) and 10-year (10% probability).

Regulatory Line - The FEMA 100-year floodplain limits or Lateral Migration Erosion Hazard
Zone limits, whichever is further from the main channel.

Riprap - A bank protection measure composed of fractured rock of differing sizes.

Scour - For the purpose of this study, scour is defined as a lowering of the channel bed by
erosion. Scour occurs at natural or man-made obstructions to flow, or at channel banks.
Examples of natural obstructions are trees in the channel, or constrictions in the channel. Man-
made obstructions include bridge piers and grade-control structures.

Sediment Yield - Sediment yield is the amount of soil (mainly silt, sand and some gravel) that
erodes from the watershed and enters the watercourse system.

Sedimentation - For the purpose of this study, sedimentation is defined as the natural process of
flowing water depositing soil, sand, gravel and cobbles in the watercourse or on the floodplain.
Deposition in the main channel has the effect of changing the shape and dimensions of the
channel and decreasing its conveyance capacity.

Soil Cement - Soil cement is a structural erosion protection method that consists of mixing
cement with native soils and water, and compacting it in place, and in layers to form a material
that is resistant to erosion.

Watercourse - For the purpose of this study, a watercourse is defined as the entire length of a
wash to be studied, including the width necessary for the watercourse to function naturally. This
includes the watercourse channels, over-bank floodplains, and the area the watercourse has
occupied in recent geologic time (<10,000 years).

Watercourse Conditions - The watercourse conditions used in hydraulic modeling are the main
channel geometry (i.e., depth, width and slope) and its floodplain (areas outside the main channel
that carry water), and roughness (resistance to flow). The main channel and floodplain make up
the watercourse cross section.

Watershed Conditions - A watershed is the land contributing area that collects rainfall and
directs it to a watercourse. The primary watershed conditions used in hydrologic modeling are
the percentage of contributing area that is impervious to rainfall, the vegetative cover, soil
characteristics relating to the ability to absorb and store water, and the ability of the watershed to
collect and convey stormwater runoff.
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8-8.0 APPENDICES

. A. Example Scour Computations
B. Earthwork Quantities
C. Armor Quantities
D. Construction Cost Estimates
E. Concept Plans
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Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by: DEJ

Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB
FCD Contract No. 97-45 Date: 8/2000
' Design Event Scour Depth Cross Section 27.226

Z=13% (Lys+ Zy+ Zps + Zis + L)
Z = Design Event Scour Depth (ft)
1.3 = Factor of Safety

¢s = General Scour Depth (ft)

Z,=  Anti-dune Trough Depth (ft)

Z,s= Bend Scour (ft)

Zs=  Local Scour Depth (ft)

Zw =  Low Flow Thalweg Depth (ft)

N

Z4 = General Scour Depth (ft)
Zys= 25 ft From HEC-6 Analysis (Figure 2 - Attached)
Interpolated From a Peak to Peak Straight Line

Z, = Anti-dune Trough Depth (ft)

Z,=0.0137 *Vm2 Simons, Li and Associates (1982) p. 11.30
Vm = Average Velocity of Flow (ft/s)
V= 125 ft/s HEC-RAS 100-Year Channel Velocity
Z,= 22 ftis w/Encroachments

Zys = Bend Scour (ft)
Zps = 0.0685 * Yonax * (Vin2®) *1 2.1 *[sin alpha/2 Zeller (1981)
‘ Y, 4 =g cos alpha

Ymax= Max Depth of Flow Immmediat
Upsteam of Bend (ft)

Ymax= 9.1 ft HEC-RAS 100-Year Maximum Channel Depth

Vm = Average Velocity of Flow (ft/s) w/ Encroachments
Vp, = 12.5 ft/s HEC-RAS 100-Year Channel Velocity

Y = Hydraulic Depth Immediately w/ Encroachments
Upstream of Bend (ft)
Yy = 6.4 ft HEC-RAS 100-Year Hydraulic Channel Depth

S. = Energy Slope Immediately w/ Encroachments
Upstream of Bend (ft/ft)
Se=  0.0117 fvft HEC-RAS 100-Year E.G. Slope

alpha = Angle Formed By the Projection of the w/ Encroachments ‘

Channel Centerline from the Point of
Curvature to a Line Tangent to the

Outer Bank
alpha= 22 degrees Topographic Mapping
Z,s= 0.8 ft

Z,s = Local Scour Depth (ft)
Zls= 0 ft No Local Scour Depth

Tetra Tech/ASL Consulting Engineers Page:_| Of_/%/




Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by:
Watercourse Master Plan FOR SCOUR COMPONENTS Checked by:

FCD Contract No. 97-45

DEJ
BSB

Date: 8/2000

Zgn = Low Flow Thalweg Depth (ft)
Zg= 0 ft Scour Depths Referenced to Existing Thalweg

Elevation
Z, = Left Bank Design Event Scour Depth (ft)

[ 2= 71 # |

Z. = Right Bank Design Event Scour Depth (ft)

[ z= 60 ft | No Bend Scour Component on Right Side

Superelevation Used Later to Determine Top of Bank Elevation

hge = Superelevation at Outside Bank Around Channel Bends (ft)

Rgel = 2 | Chow p.448 & FCDMC Drainage Design p. 6-20
g re

V1 = Average Velocity of Flow (ft/s) HEC-RAS 100-Year Velocity w/Encroachments
V= 119 fts

T = Width of the Channel (ft) HEC-RAS 100-Year Top Width w/Encroachments
T= 5498 ft

g = Acceleration of Gravity (ft/s?)
g= 322 fUs°

r. = Radius of Curvature (ft)

r.= T * cos(alpha)

4 * sin’(alphal2)

alpha = Angle Formed By the Projection of the
Channel Centerline from the Point of

Curvature to a Line Tangent to the

Outer Bank
alpha= 22 degrees Topographic Mapping
r.= 3500 ft

hge = Superelevation in Bank Around Channel Bends (ft)

[hee = 070 ft

Page::){of
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Upper Cave Creek/Apache Wash
Watercourse Master Plan
FCD Contract No. 97-45

EXAMPLE HAND COMPUTATIONS
FOR SCOUR COMPONENTS

Computed by:  DEJ
Checked by: BSB
Date: 8/2000

Long Term Armoring

Cross Section 27.226

Determine the Long Term Armoring Depth using the USBR 'Computing Degredation and Local Scour Method'
Find the Average Individual Particle Size, D, for four methods: Meyer-Peter Muller, Competent Bottom

Velocity, Shields Method, and Yang's Incipient Motion.

Meyer-Peter Muller (Bedload Transport Equation)
D.= d*S
K™ ((ns/ (Dao*))**)
d = Mean Water Depth at Dominant
Discharge (ft)

d= 275 ft

S = Slope of Energy Gradient (ft/ft)
S= 0.0137 fvft

K = 0.19 inch-pound units
K= 0.19

Weight is Finer
Dgp= 235 mm

(Skin Friction) Average of 3 Representative
Grain Sizes
ns = (Dgo"®) / 44.4
Dgo = 235 mm
Dgpo= 9.3 in
ne= 0.033
n, = 0.04* (D)
Dgo = T mm
Dsp= 0.03 ft
ng= 0.021
ne= (D75"°) /39
D, = 65 mm
D;s= 26 in
ns= 0.030
Average ng= 0.028

D.= 165.8 mm

Competent Bottom Velocity
D. = 1.88 * V2
V= Mean Channel Velocity (ft/s)
Vo= 7.7 fts

D.= 1120 mm

Dgo = Particle Size Where 90% of Material by

ne = Manning's Coefficient for Particle Roughness

'‘Computing Degredation and Local Scour,’ p. 9

HEC-RAS 10-Year Hydraulic Channel Depth
w/Encroachments

HEC-RAS 10-Year E.G. Slope w/Encroachments

'Computing Degredation and Local Scour,’ p. 9
Constant
From Grain Size Distribution of Bed (Curve

Attached)

Strickler (1923)
From Grain Size Distribution of Bed (Curve

Attached)

Anderson (1970)
From Grain Size Distribution of Bed (Curve

Attached)
Lane and Carlson (1953)

From Grain Size Distribution of Bed (Curve
Attached)

'‘Computing Degredation and Local Scour,’ p. 10

HEC-RAS 10-Year Channel Velocity
w/Encroachments

Tetra Tech/ASL Consulting Engineers
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Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS
FOR SCOUR COMPONENTS Checked by: BSB

Watercourse Master Plan
FCD Contract No. 97-45

Computed by:  DEJ

Date: 8/2000

. Shield's Method
T.- T, = 006

(gammag - gamma,,) * D
T. = Dimensionless Shear Stress
T.= 0.06

T. = Ciritcal Shear Stress (Ib/ft’)
T.= gamma, *d*S

gamma,, = Specific Weight of Water

gamma, = 624 Ib/ft®
d = Mean Water Depth at Dominant
Discharge (ft)
d= 275 ft
S = Slope of Energy Gradient (ft/ft)
S= 0.0137 fvft

T.= 235 bt
gamma, = Specific Weight of Particle
gamma,= 165 Ib/ft*
gamma,, = Specific Weight of Water
gamma,= 624 b/t

. Rearranging and Solving for
D. = Diameter of Partice (ft)

D.= 038 ft
D.= 1165 mm

Confirm Boundary Reynolds Number, R., > 500
R.= (U.*D) /v
v = Kinematic Viscosity (ft’/s)
v =0.00001 ft’/s
U. = Shear Velocity (ft/s)
U- = (Te/(gamma,/g)) "
U.=(g*R*S,)"
R = Hydraulic Radius = Hydraulic Depth
in Wide Channels
U.= 1.1 ft/s

1l

R.= 38,994
R.> 500 Using T.=0.06 OK

'Computing Degredation and Local Scour,' p. 12

When R.,Boundary Reynolds Number, is greater
than 500

'Computing Degredation and Local Scour,’ p. 12 &
Simons and Senturk p. 77 & 263

HEC-RAS 10-Year Hydraulic Channel Depth
w/Encroachments

HEC-RAS 10-Year E.G. Slope w/Encroachments

'‘Computing Degredation and Local Scour,’ p.12-13

Simons and Senturk p. 78
Simons and Senturk p. 264

Tetra Tech/ASL Consulting Engineers
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Upper Cave Creek/Apache Wash
Watercourse Master Plan
FCD Contract No. 97-45

EXAMPLE HAND COMPUTATIONS
FOR SCOUR COMPONENTS

Computed by:  DEJ
Checked by: BSB
Date: 8/2000

Yang's Incipient Motion
D. = 0.00659 * V.?
V., = Velocity at incipient motion ft/s
Ve = 7.7 fts

D.= 039 ft
D.= 1197 mm

D. (Average of Four Methods)
D.= 1285 mm

Psel = Percentage of Bed Material Larger than D¢
Pder = 17 %

Find Depth to Armor
Yo= Ya ((1/Pger) - 1)
yq = Depth to Armoring Layer
peel = Percentage of Bed Material Larger than D,
Pdel = 17 % = 0.17
Ya = Thickness of the Amoring Layer
y.=2*D,or 0.5 Whichever is smaller
Ya= 257.0 mm >0.5'(152 mm)
Ya= 1524 mm

Depth to Armoring

[(ye= 24 f |

'Computing Degredation and Local Scour,’ p. 14

HEC-RAS 10-Year Channel Velocity
w/Encroachments

From Grain Size Distribution of Bed (Curve
Attached)

'Computing Degredation and Local Scour,’ p. 14

'Computing Degredation and Local Scour,’' p. 15

Tetra Tech/ASL Consulting Engineers




Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by: DEJ

Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB
FCD Contract No. 97-45 Date: 8/2000
. Equilibrium Slope Cross Section 27.226

Determine the Equilibrium Slope using the USBR 'Computing Degredation and Local Scour Method'
Find the Average Equilibrium Slope, S, for three methods: Schoklitsch Method, Meyer-Peter Muller,

and Shield's Diagram Method.

Schoklitsch Equilibrium Slope '‘Computing Degredation and Local Scour,' p. 18
Seq= K *(Dm BN
Q
K= 0.00174 inch-pound units
K= 0.00174
B = Channel Width (ft) HEC-RAS 10-Year Main Channel Width
B= 4148 ft w/Encroachments
Q = Dominant Discharge (cfs) HEC-RAS 10-Year Main Channel Discharge
Q= 8800 cfs w/Encroachments .

D = Mean Particle Size (mm)

D, = Mean Particle Size (mm) Simons and Senturk p. 172
D= Sum (del; * D))
100

del, = Portion of Percentage Shown on the Grain
Size Distribution Curve

. dek= 10 (%)
D, = Mean Sample Size According to del, increment

D= 0 mm From Grain Size Distribution of Bed (Curve
Ave D;= 0.35 mm Attached)

D= 0.7 mm
Ave D, = 1.1 mm

Dyp= 1.5 mm
Ave D, = 2 mm

D3p= 25 mm

AveD;=: 365 mm
Dsp= 48 mm

Ave D;= 625 mm
Dso= 7.7 mm

Ave D;= 12.85 mm
D= 18 mm

Ave D, = 30 mm
D= 42 mm
Ave D, = 67 mm

Dgo= 92 mm
Ave D;= 163.5 mm

Tetra Tech/ASL Consulting Engineers Page:ﬁ Of(_[’[
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Upper Cave Creek/Apache Wash
Watercourse Master Plan
FCD Contract No. 97-45

EXAMPLE HAND COMPUTATIONS
FOR SCOUR COMPONENTS

Computed by: DEJ
Checked by: BSB
Date: 8/2000

D90= 235 mm
Ave D;= 4425 mm
D1oo= 650 mm

D = Mean Particle Size (mm)

729 mm

D =
Schoklitsch Equilibrium Slope
Seq= 0.004 ft/ft

Meyer-Peter Muller Equilibrium Slope Method

Sq=K */Q Y /ns 3/2 *Dp,
Ob) KDQOT/G

d
K= 0.19 inch-pound units
K= 0.19
Q = Total Flow (cfs)
Q= 8800 cfs
Qp = Flow Over Bed (cfs)
Q,= 8800 cfs

ns = Manning's Coefficient for Particle Roughness
(Skin Friction) Average of Three Methods
Average ng= 0.028
Dy = Particle Size Where 90% of Material by
Weight is Finer

Dgo = 235 mm
D, = Mean Particle Size (mm)
Dn= 729 mm
d = Mean Water Depth at Dominant
Discharge (ft)
d= 275 ft

Meyer-Peter Muller Equilibrium Slope

Seq=  0.006 ft/ft

'‘Computing Degredation and Local Scour,' p. 18

'Computing Degredation and Local Scour,' p. 18
Constant

HEC-RAS 10-Year Total Discharge
w/Encroachments

HEC-RAS 10-Year Main Channel Discharge

w/Encroachments

“Z
See Average ng, p. 2

From Grain Size Distribution of Bed (Curve
Attached)

HEC-RAS 10-Year Hydraulic Channel Depth
w/Encroachments

Tetra Tech/ASL Consulting Engineers
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Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by:  DEJ

Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB
FCD Contract No. 97-45 Date: 8/2000
Shield's Method '‘Computing Degredation and Local Scour," p. 19
Seq= T

gamma,, * d

T, = Ciritcal Shear Stress (Ib/ft)
T.= T.* (gamma, - gamma,,) * D,
T. = Dimensionless Shear Stress
T.= 0.06 When R., Boundary Reynolds Number, > 500
gamma, = Specific Weight of Particle
gamma,= 165 Ib/ft®
gamma,, = Specific Weight of Water
gamma, = 624 Ib/ft®
D., = Mean Particle Size (mm)
Dn= 729 mm
Dn= 024 ft
T.= 15 Ibft

d = Mean Water Depth at Dominant HEC-RAS 10-Year Hydraulic Channel Depth
Discharge (ft) with floodway encroachments
d= 275 ft

Shield's Diagram Equilibrium Slope
Seq= 0.0086 ft/ft

Confirm Boundary Reynolds Number, R., > 500
R.=(U.*D.) /v

v = Kinematic Viscosity (ftz/s)

v = 0.00001 ft’/s

U. = Shear Velocity (ft/s)

U-= ((Seq *R*g)"™

R = Hydraulic Radius = Hydraulic Depth

in Wide Channels

R = d = Mean Water Depth at Dominant
Discharge (ft)

d= 275 ft
Uu.=- 087
R.= 19311

R.>500 Using T. = 0.06 OK

Average S

Seq= 0.00634 ft/ft |
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Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by: DEJ

Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB

FCD Contract No. 97-45 Date: 8/2000
. Bank Protection Design Cross Section 27.226

TOB. = Left Top of Bank Elevation (ft)

TOB_ = WSE + hge + Fp
WSE = Encroached 100 Year WSE (ft)
WSE = 17439 ft
hee = Superelevation at Outside Bank Around

Channel Bend (ft) 7
hge= 0.70 ft See Superelevation Height p.
Fy = Freeboard
Fy = 3 ft Levee Alternative
TOB_ = Left Top of Bank Elevation (ft)

TOB = 1747.6 ft |

TOBg = Right Top of Bank Elevation (ft)
TOBg = WSE + hge + Fp,
WSE = Encroached 100 Year WSE (ft)
WSE= 17439 ft
hgel = Superelevation at Outside Bank Around
Channel Bend (ft)

Ngel = 0 ft No Bends
. Fy, = Freeboard
Fi = 3 ft Levee Alternative
TOBg = Right Bank Top of Bank Elevation (ft)
[ TOBz= 17469 ft |
TOE, = Left Bank Toe Down Elevation (ft)
TOE_ = Min RAS - Dy
Min RAS = Minimum HEC-RAS Elevation (ft)' HEC-RAS Minimum Elev at Cross Section
Min RAS= 17348 ft (Thalweg)
Dy = Left Bank Total Degredation (ft)
Di= Zy+yq
Zy = Left Bank Design Event Scour Depth (ft)
Zy = 7.1 ft See Left Bank Design Event Scour
yg¢ = Long Term Armoring Depth (ft) Depth p._}_
Yo = 24 ft See Long Term Armoring Depth p.i

D,= 95 ft

Tetra Tech/ASL Consulting Engineers Pageij_ of LLL



Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by: DEJ
Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB

FCD Contract No. 97-45

Date: 8/2000

TOE_ = Left Bank Toe Down Elevation (ft)

TOE = 17253 ft |

TOER = Right Bank Toe Down Elevation (ft)
TOEg = Min RAS - Dy
Min RAS = Minimum HEC-RAS Elevation (ft)'
Min RAS= 1734.8 ft
D= Right Bank Total Degredation (ft)

Di= Zq+VYqg
Z. = Right Bank Design Event Scour Depth (ft)
Zy= 6.0 ft

y¢ = Long Term Armoring Depth (ft)
Yo = 2.4 ft

D.= 84 ft

TOER = Right Bank Toe Down Elevation (ft)

] TOEg= 17264 ft |

LLs = Left Bank Slope Length (ft)
LL, = ((TOB_ - TOE,)? + ((TOB_ - TOE,)*2))"?

[ LL,= 498 ft |

RLs = Right Bank Slope Length (ft)
RLs = ((TOBg - TOER)? + ((TOBg - TOER)*2))"?

[ RL,= 458 ft |

Dso = Dumped Riprap Median Particle Size (ft)
Dgo = 0.0122 * V2%
V, = Average Velocity (ft/s)
V.= 125 ft/s

Dso= 22 ft

T, = Riprap Layer Thickness (ft)
Tr = 1.5* Dso

| = 35 f |

See Right Bank Design Event Scour

Depth p.
See Long Term Armoring Depth p.5’_

2:1 Bank Side Slopes

2:1 Bank Side Slopes

USBR-EM-25 (1974, Curve B)

HEC-RAS 100-Year Channel Velocity
w/ Encroachments

FCDMC Drainage Design Man. Table 2 p.6-40
Rounded to the Nearest 1/2 Foot (1' Min.)

Tetra Tech/ASL Consulting Engineers
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Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by: DEJ

Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB
FCD Contract No. 97-45 Date: 8/2000
Tg= Gabion Thickness (ft)
. Ty = 2/3 * Dg, of Dumped Riprap (ft) US Army Corps of Engineers Standard
Ty= 1.5 ft Design Practice
[ T,= 18 in | Adjusted to Nearest Manufactured Size

CSA Layer Thickness, Tesa (ft)

I Tesa= 9.0 ft | Standard CSA Layer Thickness

Bank Protection Volume
Riprap Bank Protection

R, = Left Bank Riprap Volume per Length (yd*/ft)

VLF = LLS *Tr
LLs = Left Bank Slope Length (ft)
LLs= 498 ft See Left Bank Slope Length p. 10

T, = Riprap Layer Thickness (ft)
T,= 1.5 * Reach Ave Dsg,

Maximum Ave Dsg, = 3.4 ft Average Over Entire Mined Reach
T, = 585 ft
‘ Re= 2738 ft/ftoflength
L Ryr= 101 yd'/ft of bank I

Rge = Right Bank Riprap Volume per Length (ydslft)

Vge = LLg* Tr
RLs = Right Bank Slope Length (ft)
RLs= 458 ft See Right Bank Slope Length p. |D

T, = Riprap Layer Thickness (ft)
T,= 1.5 * Reach Ave D5,
Maximum Ave Ds, 34 ft Average Over Entire Mined Reach
T = 56 ft
Rer= 2519 ft'/ft of length

Ree= 9.3  yd'/ft of bank

Tetra Tech/ASL Consulting Engineers Page:'_’ of H




Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by: DEJ
Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB

FCD Contract No. 97-45

Date: 8/2000

Gabion Bank Protection

G, = Left Bank Gabion Volume per Length (yd’/ft)
GL = LLS * Tg
LLs = 498 ft
Tg= Gabion Thickness (ft)

Tq = 2/3 * Reach Ave Dy (ft)

Maximum Ave Ds, = 34 ft
Tg= 23 ft
Tg= 27 in
Tg= 30 in
G = 1245 ft/ftof length

G .= 4.6 yd'ftof bank |

Gg = Right Bank Gabion Volume per Length (yd3/ft)
Gr=RLs* T,
RLs = 458 ft
Te= Gabion Thickness (ft)
Ty = 2/3 * Reach Ave Dq (ft)

Maximum Ave Dsq = 3.4 ft
Tg= 23 ft
Te= 27 in
Tg= 30 in
Ge= 1145 ft/ftof length

yd°/ft of bank

@
X
n
£
N

CSA Bank Protection

CSA; = Left Bank CSA Volume per Length (yd*/ft)
CSA = H ™ Tcsa
= Levee Height (ft)
H= TOB_-TOE_
H= 223 ft

Tcsa = CSA Layer Thickness (ft)

Tesa= 9.0 ft

CSA_ = 2004 ft’/ftof length

[ CSA_= 7.4 ydftof bank ]

0

See Left Bank Slope Length p. |

US Army Corps of Engineers Standard
Design Practice
Average Over Entire Mined Reach

Adjusted to Nearest Manufactured Size

See Right Bank Slope Length p. [ ! )

Adjusted to Nearest Manufactured Size

See TOBand TOE p_ 1+ [©

Standard CSA Layer Thickness

Tetra Tech/ASL Consulting Engineers
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Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by: DEJ
Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB

FCD Contract No. 97-45

Date: 8/2000

CSAgr=H" Tesa
H = Levee Height (ft)
H= TOBg- TOEg
H= 205 ft
Tcsa = CSA Layer Thickness (ft)
Tesa = 9.0 ft
CSA:= 1842 ftftof length

CSAg = Right Bank CSA Volume per Length (yd/ft)

6.8 yd'/ft of bank

CSAR

See TOB and TOE p. ‘i ‘V(D

Tetra Tech/ASL Consulting Engineers
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Upper Cave Creek/Apache Wash EXAMPLE HAND COMPUTATIONS Computed by: DEJ

Watercourse Master Plan FOR SCOUR COMPONENTS Checked by: BSB
FCD Contract No. 97-45 Date: 8/2000
. Scour Below Grade Control Structure Cross Section 27.320

Determine the Toe Down Depth of the Grade Control Structure.

Zg=1.32*g** *H># -TW USBR Design of Small Dams (1977)
Z,s = Depth of Scour due to Free
Overfall Drop

q = Discharge per Unit Width of Channel
Bottom (cfs/ft)

q= Q *13 30% Factor of Safety
w
Q= 35,800 cfs HEC-RAS 100-Year Discharge
W= 774 ft HEC-RAS 100-Year Channel Top Width @ 27.366
g= 60.1 cfs/ft
H; = Total Drop in Head (ft) From U/S Energy Elevation (EG) to D/S EG
USEG= 17473 ft HEC-RAS 100-Year EG Elevation
DSEG= 1740.2 ft HEC-RAS 100-Year EG Elevation
H= 71 ft

TW = D/S Tailwater Depth (ft)
TW= 58 ft HEC-RAS 100-Year D/S Channel Hydraulic Depth

. | Zy= 129 ft |

Horizontal Length to Z,i; Depth (ft)
Xsce = 6.0 * Zige

| Xsce= 77.7 ft |

-
)
n

Horizontal Length of Scour Hole (ft)
L. =12*Z4

Ly= 1553 ft |

Tetra Tech/ASL Consulting Engineers Pageiﬂ ofﬁ{
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