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SKUNK CREEK WATERCOURSE MASTER PLAN 

ATTACHMENT 12 
ALTERNATIVES ANALYSIS REPORT 

12-1 INTRODUCTION 

12-1.1 Study Description 

The Skunk Creek Watercourse Master Plan (WCMP) Study was undertaken to examine 
the benefits, opportunities, and weaknesses of various flood control solutions, including 
fill-structural, and nonstructural measures, and to 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 damages 
associated with potential erosion and lateral migration of the watercourses. 

Consider structural and nonstructural alternatives, and a combination of the two. 

Minimize public finds spent on future flood control and emergency management. 

Conform to the City of Phoenix, North Black Canyon Corridor Plan. 

Consider sensitive wildlife habitat in the evaluation of alternatives. 

Consider multiple-use opportunities for floodplain areas. 

Consider landscape aesthetics and desired landscape character of floodplain areas. 

Develop a management plan that generates widespread support and is implementable. 

To assist in understanding the technical content of this report, a glossary of terms is 
provided in Section 12-15.0. Words or phrases that appear in italics throughout the text 
are defined in the glossary. 

The limits of study on Skunk Creek are the Central Anzona Project (CAP) Canal, on the 
south, to a point approximately 2,000 feet upstream of the New River Road crossing on 
the north, in north-central Maricopa County. The study area encompasses approximately 
13.2 miles of stream channel. Also included in the study is a previously unnamed 
tributary to Skunk Creek from the east, immediately upstream of the CAP Canal. The 
length of this tributary included in the study is approximately 3.5 miles. The tributary 
was given the name Sonoran Wash during the course of the study, and it is anticipated 
that this name will become official in the near future. 



To accommodate an effort by the City of Phoenix to identify and implement new zoning 
regulations for pending development along Skunk Creek, the study was conducted in two 
phases. Phase 1, which is wholly within the corporate limits of the City, includes the 
length of Skunk Creek from the Carefree Highway crossing to the CAP Canal - a channel 
distance of approximately 3.9 miles. Phase 2, which is predominately under Maricopa 
County jurisdiction, includes the balance of the study area upstream of Carefree 
Highway. A map of the study area is presented on Figure 12- 1.1. 

12-1.2 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 
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 necessary in a nonstructural solution; however, 
the objective was to minimize their use. 

12-1.3 Authority 

This WCMP study was 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 created 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-yearfloodplain 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 measures. A line has been established on each side of the 
watercourses 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 identified on the various exhibits developed for each phase. 

12-1.4 Approach 

Alternatives for providing flood control and erosion protection were identified for each 
phase of the study. 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 
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strategies by protecting adjacent properties from the 100-year flood event and the 
possible damages associated with 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. 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. 

Because the phases of the study are effectively in different jurisdictions and the number 
of alternatives developed and evaluated for each phase is different, the alternatives 
analysis conducted for each phase is discussed separately in this report. 

12-1.5 Assumptions, Limitations, Constraints 

The following assumptions are used in the alternatives analysis for each phase of the 
study: 

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 either through the use of earthen levees with 
three feet of freeboard or fill with one foot of freeboard above the 100-year water 
surface, and suitable bank protection armor. The alternatives will typically be 
described using the levee scenario. 
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 transportation crossings will be designed and built to accommodate the 
recommended alternative, in accordance with the recommendations made herein. 
It is assumed that, when the recommended management alternative is actually 
implemented, the existing land use will have changed to reflect the low-density 
residential area (1-2 unitslacre) used as the baseline for this study, and that the 
infrastructure necessary to support such land use will be in place. 
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Figure 12- I. I Study Area Map , 



12-2 PHASE 1 FORMULATION OF ALTERNATIVES 

As stated previously, the WCMP is divided into two phases. Phase 1 is downstream of 
the Carefree Highway and Phase 2 is upstream. In Phase 1, the Skunk Creek and 
Sonoran Wash watercourses were divided into Reaches for detailed evaluation and 
analysis. The reaches were selected based on a combination of similar hydraulic, 
geomorphic, biological, and landscape characteristics. Skunk Creek was divided into 
four reaches. Starting at the downstream study limit and proceeding upstream, they are: 
the Braided Reach, the Greasewood Reach, the Cutbank Reach, and the Knoll Reach. 
Sonoran Wash was also divided into four reaches. Again, starting at the downstream 
limit and proceeding upstream, they are: the Sandy Reach, the Main Stem Reach, the 
Ironwood Reach, and the Hackberry Reach. The names selected reflect the dominating 
feature or characteristic within the reach. For example, the Knoll Reach of Skunk Creek 
reflects the hill that dominates the landscape on the east side of the creek, just 
downstream of Carefiee Highway, while the Hackberry Reach of Sonoran Wash reflects 
the abundance of Hackberry bushes at the higher elevations of the wash. The reaches are 
presented on Figure 12-2.1, along with the erosion hazard zones, defined by the Lateral 
Stability Analysis (reference Attachment 6), and the Regulatory Line. 

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 North Gateway Village 
Planning Committee. The alternatives considered ranged from a totally natural, 
undisturbed watercourse, to a complete traditional approach with encroachment to the 
FEMA 100-yearJloodway limit. Reclamation and re-vegetation of the areas disturbed by 
human activities were considered for all alternatives. 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. 
An alternative that reflects and accommodates the development intentions of the 
adjacent landowners (stakeholders). 

12-2.1 Selected Alternatives 

After receiving input from the stakeholders and the affected public, a Full-Structural 
Alternative, a Team Alternative, a Nonstructural Alternative, and a Stakeholders 
Alternative were selected for more detailed study. An overview of each selected 
alternative follows. 
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I Figure 12-2.2 Full-Structural Alternative: Non-encroachment Area 



12-2.1.1 FulI-Structural Alternative 

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 12-2.2 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 
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 12-2.3 for a typical section of the 
proposed levee. 

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 because of the resulting higher velocity of water moving through the 
watercourse, excessive cumulative impacts, and the potential for structural failure. The 
finished product typically has an unnatural appearance and function, and results in 
significant disturbance of riparian habitat and cultural features. 
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12-2.1.2 Team Alternative 

The Team 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 6 of the WCMP Report for a full discussion on the development 
of the Lateral Migration Erosion Hazard Zone.) The proposed setback distance is defined 
by the non-encroachment limits shown in Figure 12-2.4 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 as used for the Full-Structural Alternative is proposed. 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 12-2.5 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. 

Advan tuges/Disadvan tages 

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 watercourse. The alternative defines the minimum 
area the watercourses need to function naturally over a 60-year period. In addition, the 
alternative does not produce significant cumulative impacts within a reach or upstream or 
downstream of the study limits. 
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12-2.1.3 Nonstructural Alternative 

As the name implies, the Nonstructural Alternative contains no structural features in the 
floodplain. This alternative effectively leaves the study watercourses in their natural 
(albeit existing) state and controls the allowable encroachment for development through 
the implementation of a regulatory setback distance. The setback distance is 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 6 
of the WCMP Report for a full discussion on the development of the Long-Term Erosion 
Hazard Zone.) The proposed setback distance is defined by the non-encroachment limits 
shown in Figure 12-2.6 for this alternative. 

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 disadvantages are that it minimizes the amount of land available for development 
and is expensive to implement. 

12-2.1.4 Stakeholders Alternative 

The Stakeholders Alternative was included to evaluate the development plans of private 
landowners and the impact of those plans on the stability of Skunk Creek and Sonoran 
Wash. Several stakeholder meetings were held to explain the study and receive feedback 
from the landowners regarding their development intentions. The landowners were 
informed that any plans to encroach into the 100-year floodplain would have to abide by 
the FEMA regulations governing such actions. This typically means that proposed 
development cannot encroach upon the FEMA regulatory floodway, and a request for a 
floodplain map revision would have to be approved by FEMA. In addition, if any 
encroachment into the FEMA floodplain is proposed, it must include structural transitions 
to the upstream and downstream properties that will not produce adverse hydraulic 
impacts on those properties. If any development plans included adjustments to the 
FEMA floodway boundaries, conditional approval would have to be received from 
FEMA before the developments plans are implemented. 

This Alternative contains both encroachments into the FEMA 100-yearfloodway fringe 
and areas that are left in their natural state. Where encroachments into the floodway 
fi-inge are proposed, levees, similar to those described in the Full-Structural Alternative, 
are used. On private lands, the encroachments in the FEMA 100-year floodplain are 
limited to the floodway boundary or the property line. On public lands, no encroachment 
was allowed into the 100-year floodplain because it was assumed that this property will 
be purchased through the Arizona Preserve Initiative (API) and remain open space. The 
proposed setback distance is defined by the non-encroachment limits shown in Figure 12- 
2.7 for this alternative. 



Scale: 1 "=2000' 

Figure 12-2.6 Nonstructural Alternative: Non-encroachment Area 





The advantages of the Stakeholder Alternative are: it accounts for the current 
development plans of the local landowners; allows the impacts of those plans to be 
quantified and compared to the other alternatives in the study; and provides a vehicle for 
informing the local landowners about the study and the future development restrictions. 
The primary disadvantages are that it does so at a high construction cost, and risk to the 
public because of the resulting higher velocity water moving through the watercourse, 
excessive cumulative impacts, and the potential for structural failure. The finished 
product typically has an unnatural appearance and function; particularly in the 
channalized reach of Sonoran Wash, and results in significant disturbance to riparian 
habitat. 
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12-3 PHASE 1 NON-ENCROACHMENT AREAS 

The proposed non-encroachment areas, which are illustrated in Figures 12-2.2, 12-2.4, 
12-2.6, and 12-2.7 for the Full-Structural, Team, Nonstructural, and Stakeholders 
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 
nun-encroachment area of each alternative. Each alternative is addressed separately. 
The exceptions are identified by watercourse and reach, and are described in detail. 

12-3.1 Full-Structural Alternative 

As previously discussed, the encroachment limit for the Full-Structural Alternative 
generally follows the FEMA floodway boundary. There are no exceptions to this 
criterion in Phase 1. The non-encroachment area for the Full-Structural Alternative is 
shown on Figure 12-2.2. 

Table 12-3.1 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 area reclaimed inside the regulatory line and the area of the Severe Erosion 
Hazard Zone. 

TABLE 12-3.1 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: 
SUMMARY OF AREAS 

Greasewood Reach 

e 
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12-3.2 Team Alternative 

As previously discussed, the encroachment limit for the Team Alternative generally 
follows the Lateral-Migration Erosion Hazard Zone boundary. However, there are two 
general exceptions to this criterion. First, on public lands, the non-encroachment limit 
was set at the Lateral Migration Erosion Hazard Zone boundary only if the boundary was 
outside the FEMA 100-year floodplain. If the Lateral Migration boundary was on the 
inside of the floodplain boundary (channel side), the encroachment limit was set at the 
floodplain boundary. This was done to match the public land purchase proposed under 
the Arizona Preserve Initiative (API). 

The second general exception concerns the rare occasions when the Lateral Migration 
Erosion Hazard Zone boundary is inside the FEMA 100-year Jloodway boundary on 
private land. When this occurs, the encroachment limit is moved to the floodway 
boundary, since FEMA regulations do not allow encroachment into the floodway. The 
non-enkroachment area for the Team Alternative, reflecting the general criteria described 
above, is shown on Figure 12-2.4. Exceptions to the above criteria are described below 
by reach. 

Table 12-3.2 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, and the area of the Lateral-Migration 
Erosion Hazard Zone. 

12-3.2.1 Skunk Creek 

There is one minor exception to the general criteria used to define the non-encroachment 
area along Skunk Creek for the Team Alternative. The exception is within privately 
owned Parcel 296, which is located on the west overbank in the lower portion of the 
Braided Reach. A very small portion of the floodplain at the northwest corner of Parcel 
296 is included within the non-encroachment area even though it is outside the Lateral 
Migration Erosion Hazard Zone and the FEMA 100-year floodway. Because the cost to 
provide full-depth bank protection along the floodway is not justified when compared to 
the area of land reclaimed, the non-encroachment limit was moved to the FEMA 100- 
year floodplain boundary. 

12-3.2.2 Sonoran Wash 

There are no exceptions to the general criteria for the Team Alternative in the Main Stem 
or Hackberry Reaches. The exceptions in the Sandy Reach and the Ironwood Reach are 
described below. 

12-3.2.2.1 Sandy Reach 

There are two minor exceptions to the general criteria used to define the non- 
encroachment area in the Sandy Reach. The exceptions are within privately owned 
Parcels 294 and 300, which are located on the east overbank in the middle portion of the 
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reach. A very small portion of the floodplain at the western end of these parcels is 
included within the non-encroachment area even though it is outside the Lateral 
Migration Erosion Hazard Zone and the FEMA 100-yearfloodway. Because the cost to 
provide full-depth bank protection to reclaim this area is not justified when compared to 
the area of land reclaimed, the non-encroachment limit was moved to the FEMA 100-year 
floodplain boundary. 

12-3.2.2.2 Ironwood Reach 

There are two exceptions to the general criteria used to define the non-encroachment 
area for the Team Alternative in the middle portion of the Ironwood Reach. The 
exceptions are along privately owned Parcels 237, 258, and 265 on the west overbank 
area and privately owned Parcel 259 on the east overbank. The non-encroachment area 
has been extended to the FEMA floodplain boundary, because of the numerous tributaries 
that enter both sides of the wash in that reach, relative to the small amount of land that 
would be reclaimed if encroachment was made to the Lateral Migration Erosion Hazard 
Zone boundary. 

TABLE 12-3.2 PHASE 1 - TEAM ALTERNATIVE: SUMMARY OF AREAS 

FEMA 100- FEMA 100- Severe Lateral- 
Non- Year Year Erosion Migration 

Encroachment Floodplain Reclaimed Floodway Hazard Zone Erosion Hazard 
Area (acres) (acres) Land (acres) (acres) (acres) Zone (acres) 

SKUNK CREEK 
Braided Reach 278.6 276.0 0.1 221 .I 112.2 250.5 
Greasewood Reach 98.6 98.5 0.0 52.7 21.7 82.7 
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12-3.3 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 12-2.6. 

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 Jloodplain whichever is farther from the main 
channel. This criteria is applied consistently through all reaches of Skunk Creek and 
Sonoran Wash. The resulting non-encroachment boundary also 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 impacted by the Full- 
Structural, Team, and Stakeholders Alternatives. These impacts will be described later in 
this report. 

Table 12-3.3 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, and the area of the Long-Term Erosion 
Hazard Zone. 

TABLE 12-3.3 PHASE 1 - NONSTRUCTURAL ALTERNATIVE: SUMMARY OF 
AREAS 
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SONORAN WASH 
Sandy Reach 
Main Stem 
Ironwood Reach 
Hackberry Reach 
Sub-system Total 

ALTERNATIVE TOTAL 

77.0 
75.9 
110.5 
42.8 
306.2 

946.2 

70.3 
68.0 
87.8 
30.5 

256.6 

81 0.6 

0 
0 
0 
0 
0 

0 

55.4 
30.4 
45.3 
16.0 

147.1 

538.2 

16.9 
12.9 
23.4 
13.7 
66.9 

31 5.1 

45.2 
49.0 
60.9 
22.8 
177.9 

695.4 

63.2 
74.4 
106.3 
42.5 
286.4 

918.4 



12-3.4 Stakeholders Alternative 

As previously discussed, the encroachment limit for the Stakeholders Alternative on 
private land generally follows the FEMA 100-year floodway boundary or the property 
boundary, with appropriate transitions to the upstream and downstream properties. On 
public land, the encroachment limit is set at the FEMA 100-year floodplain. Exceptions 
to this criteria are described below. The non-encroachment area for the Stakeholders 
Alternative is shown on Figure 12-2.7. 

Table 12-3.4 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), and the area of the Severe Erosion Hazard Zone. 

12-3.4.1 Skunk Creek 

There is one exception to the encroachment criterion for the Stakeholders Alternative on 
Skunk Creek in Phase 1. It is located on the east side of the watercourse in the Cutbank 
Reach within Parcel 246. This parcel is privately owned, but the landowner is not 
interested in reclaiming land from the 100-year floodplain. Therefore, the encroachment 
limit is placed at the 100-year floodplain boundary, rather than the floodway boundary. 

8 12-3.4.2 Sonoran Wash 

There are several exceptions to the Stakeholders encroachment criteria along the Sonoran 
Wash. The most significant occurs on Parcel No. 275 owned by Plateau Ventures and 
located within the Main Stem Reach. Plateau Ventures proposes to maximize the amount 
of land available for development by moving the FEMA floodplain and floodway to the 
eastern side of the parcel through the construction of a bypass channel. This concept 
design is described in the March 17, 2000, report, "Preliminary Hydraulic Analysis of 
Un-named Wash in Biscuit Fats, Phoenix, Arizona" prepared by Coe & Van Loo 
Engineers for Plateau Ventures (Re: Appendix G). The concept is reflected by the non- 
encroachment area shown on Figure 12-2.7. Note that the non-encroachment area 
extends outside the current floodplain boundary on the east side of the parcel. 

Exceptions also occur along the east side of the Sandy Reach within privately owned 
Parcels 285,290,293,294, and 300. The landowners of Parcels 285 and 290 participated 
in the Stakeholders meetings and stated that they are not interested in reclaiming land 
from the 100-year floodplain. Therefore, the non-encroachment boundary was placed 
coincident with the 100-year floodplain. On parcels 293, 294, and 300, it is unlikely that 
the amount of land reclaimed from the floodplain, if encroachments were made to the 
floodway boundary, would justify the cost of the levee or fill. Therefore, the non- 
encroachment boundary was also placed coincident with the 100-year floodplain at these 
locations. 
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TABLE 12-3.4 PHASE 1 - STAKEHOLDERS ALTERNATIVE: SUMMARY OF AREAS 
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Severe 
Erosion 

Hazard Zone 
(acres) 

112.2 
21.7 
82.4 

FEMA 100- 
Year 

Floodway 
(acres) 

221 .I 
52.7 
84.9 

Reclaimed 
Land (acres) 

2.6 
0.1 

45.8 

FEMA 100- 
Year 

Floodplain 
(acres) 

276.0 
98.5 
140.3 

- 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 

Non- 
Encroachment 
Area (acres) 

276.1 
98.5 
107.9 



12-4 PHASE 1 CONCEPTUAL DESIGN ANALYSES 

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, and the 
depth and thickness of the bank protection armor. The benefits include the amount of 
land protected from flood and erosion hazards, as well as the amount of wildlife habitat 
preserved. Once the costs and benefits are determined, judgments on the effectiveness of 
the individual alternatives can be made. 

12-4.1 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 Report (Attachment 4) 
Sediment Transport Report (Attachment 5) 
Lateral Stability Assessment Report (Attachment 6 )  

12-4.2 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 
floodwaters, 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 by applying 
the greater of the existing and future conditions, 100-year peak discharges to the channel 
geometry with encroachments for the various alternatives considered. 

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, and bend scour. 
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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). 

12-4.2.1 Single-Event Scour 

Hydraulic parameters taken from the encroached, 100-year HEC-RAS model for the Full- 
Structural, Team, and Stakeholders 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. Four possible 
transportation corridors that may result in future crossings of Skunk Creek and Sonoran 
Wash have been identified in the Phase 1 study area. Three of the potential crossings are 
on Skunk Creek and one is on Sonoran Wash. There is also the potential for a fbture 
fkeeway-to-freeway interchange to encroach upon the Skunk Creek overbank on the west 
side of the Braided Reach. The potential impact of these bridges on total scour and 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 5). 

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 flood 
event, Kennedy's method (Simons Li, 1982) 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 hydraulics 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 
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single-event scour estimates. Example hand computations that demonstrate the methods 
described above are contained in Appendix A. 

12-4.2.2 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 arrnoring analysis determines whether there is sufficient 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," (Pemberton, 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 arrnoring depths for each watercourse. Example hand 
computations that demonstrate the methods described above are contained in Appendix 

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 distance 
between cross-sections, 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 costly 
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). 

12-4.2.3 Summary of Results 

Full-Structural Alternative 

Table 12-4.1 summarizes the total scour estimates by reach for the Full-Structural 
Alternative. The minimum scour depths estimated for the study area range from 3.0-4.3 
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feet. The maximum scour depths range from 5.4 to 10.3 feet. Detailed summary tables 
containing the analysis results for each scour component, cross-section-by-cross-section, 
are provided in Appendix A. 

TABLE 12-4.1 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: 
SUMMARY OF TOTAL SCOUR DEPTHS 

Team - 
Table 12-4.2 summarizes the total scour estimates by reach for the Team Alternative. 
The minimum scour depths estimated for the study area range f?om 3.0-4.8 feet. The 
maximum scour depths range from 5.0 to 8.7 feet. Detailed summary tables containing 
the analysis results for each scour component, cross-section-by-cross-section, are 
provided in Appendix A. 

Weighted Average 
Scour Depth (ft) 

3.4 
5.2 
7.0 
5.3 

3.6 
4.2 
4.5 
4.2 

TABLE 12-4.2 PHASE 1 -TEAM ALTERNATIVE: 
SUMMARY OF TOTAL SCOUR DEPTHS 

Maximum Scour 
Depth (ft) 

5.4 
6.1 
10.3 
7.7 

5.9 
6.6 
8.7 
7.5 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 
Ironwood Reach 
Hackberry Reach 

Minimum Scour 
Depth 

3.0 
4.3 
3.8 
3.1 

3.0 
3.0 
3.0 
3.0 
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Weighted Average 
Scour Depth (ft) 

3.4 
5.2 
6.5 
5.6 

3.3 
3.9 
4.2 
3.9 

Maximum Scour 
Depth (ft) 

5.5 
5.5 
8.7 
8.3 

5.0 
5.2 
7.4 
6.9 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 
Ironwood Reach 
Hackberry Reach 

Minimum Scour 
Depth 

3.0 
4.8 
4.6 
3.0 

3.0 
3.0 
3.0 
3.0 



Stakeholders Alternative 

Table 12-4.3 summarizes the total scour estimates by reach for the Stakeholders 
Alternative. The minimum scour depths estimated for the study area range from 3.0-4.6 
feet. The maximum scour depths range from 4.4 to 8.7 feet. Detailed summary tables 
containing the analysis results for each scour component, cross-section-by-cross-section, 
are provided in Appendix A. 

TABLE 12-4.3 PHASE 1 - STAKEHOLDER ALTERNATIVE: 
SUMMARY OF TOTAL SCOUR DEPTHS 

12-4.3 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 super-elevation, 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 fill option will be developed in the same manner except the 
freeboard will be one foot. 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 super-elevation around channel bends. Example computations are 
contained in Appendix A. 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 

Natural Channel 
By-Pass Channel 

Ironwood Reach 
Hackberry Reach 

12-4.3.1 Armor Options 

Maximum Scour 
Depth (ft) 

5.5 
5.8 
8.5 
8.3 

NIA 

4.4 
8.2 
8.7 
7.5 

Minimum Scour 
Depth 

3.0 
4.6 
3.0 
3.0 

- 

NIA 

3.0 
3.0 
3.0 
3.0 

Three types of armor were evaluated for the proposed bank protection - Cement 
Stabilized Alluvium (CSA), gabion mattresses, and loose r@rap. CSA is 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 

Weighted Average 
Scour Depth (ft) 

3.4 
5.2 
6.3 
5.6 

NIA 

3.1 
3.9 
4.5 
4.2 
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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. Maintenance costs are typically the greatest for riprap, 
followed by gabion mattresses, and CSA. CSA is effectively maintenance free if 
designed and constructed correctly. 

The Dso size for the rock riprap bank protection was computed using a method developed 
by the US Bureau of Reclamation. The maximum D50 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 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 213 of the Dso 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. 

@ 12-4.3.2 Summary of Results 

Full-Structural Alternative 

Tables 12-4.4 and 12-4.5 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 3.0 to 6.0 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 12-4.4 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: 
RIPRAP THICKNESS REQUIREMENTS 

TABLE 12-4.5 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: 
GABION MATTRESS THICKNESS REQUIREMENTS 

Minimum 
Riprap 

Thickness (ft) 

3.5 
3.5 
6.0 
5.0 

3.0 
3.5 
4.0 
4.0 

Team Alternative 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 
Ironwood Reach 
Hackberry Reach 

Tables 12-4.6 and 12-4.7 summarize the results of the armor analyses for the riprap and gabion 
mattress options, by reach, for the Team Alternative. The minimum thickness of riprap 
protection ranges from 2.5 to 5.5 feet for the study area, while the minimum thickness of gabion 
mattress ranges from 12 to 27 inches. Detailed summary tables containing the analysis results 
cross-section-by-cross-section are provided in Appendix A. 

Maximum 
D50 (ft) 

2.2 
2.3 
4.0 
3.1 

1.7 
2.2 
2.5 
2.5 

Minimum 
D50 (ff) 

0.3 
1.9 
1.3 
1.3 

- 

0.3 
0.8 
0.5 
0.3 
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1.5 * 
Maximum 

D50 (ft) 

3.3 
3.5 
6.0 
4.7 

2.6 
3.3 
3.8 
3.8 

213 * Maximum 
(in) 

17.6 
18.4 
32.0 
24.8 

13.6 
17.6 
20.0 
20.0 

213 * Maximum 
D50 (ff) 

1.5 
1.5 
2.7 
2.1 

1 .I 
1.5 
1.7 
1.7 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 
Ironwood Reach 
Hackberry Reach 

Tetra Tech, Inc. 

Gabion Mattress 
Thickness (in) 

18 
21 
36 
27 

18 
18 
21 
21 

Maximum 
D50 (ff) 

2.2 
2.3 
4.0 
3.1 

1.7 
2.2 
2.5 
2.5 



TABLE 12-4.6 PHASE 1 - TEAM ALTERNATIVE: 
RIPRAP THICKNESS REQUIREMENTS 

TABLE 12-4.7 PHASE 1 - TEAM ALTERNATIVE: 
GABION MATTRESS THICKNESS REQUIREMENTS 

Stakeholder's Alternative 

1.5 * Maximum 
D50 (ft) 

3.3 
3.8 
4.4 
5.1 

2.3 
2.4 
3.0 
2.9 

Maximum 
D50 (ff) 

2.2 
2.5 
2.9 
3.4 

1.5 
1.6 
2.0 
1.9 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 
Ironwood Reach 
Hackberry Reach 

Tables 12-4.8 and 12-4.9 summarize the results of the armor analyses for the riprap and gabion 
mattress options, by reach, for the Stakeholders Alternative. The minimum thickness of riprap 
protection ranges from 2.0 to 6.0 feet for the study area, while the minimum thickness of gabion 

@ mattress ranges from 12 to 30 inches. Detailed summary tables containing the analysis results 
cross-section-by-cross-section are provided in Appendix A. 

Minimum Riprap 
Thickness (ft) 

3.5 
4.0 
4.5 
5.5 

2.5 
2.5 
3.0 
3.0 

Minimum 
D50 (ff) 

0.3 
1.9 
1.8 
1.2 

0.3 
0.6 
0.5 
0.3 

Gabion Mattress 
Thickness (in) 

18 
2 1 
24 
27 

12 
18 
18 
18 

SKUNK CREEK WATERCOURSE MASTER PLAN 30 
Tetra Tech, Inc. 

213 * Maximum 
D50 (in) 

17.6 
20.0 
23.2 
27.2 

12.0 
12.8 
16.0 
15.2 

213 * Maximum 
D50 (ft) 

1.5 
1.7 
1.9 
2.3 

1 .O 
1 .O 
1.3 
1.3 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 
Ironwood Reach 
Hackberry Reach 

Maximum 
D50 (ff) 

2.2 
2.5 
2.9 
3.4 

1.5 
1.6 
2.0 
1.9 



TABLE 12-4.8 PHASE 1 - STAKEHOLDERS ALTERNATIVE: 
RIPRAP THICKNESS REQUIREMENTS 

TABLE 12-4.9 PHASE 1 - STAKEHOLDERS ALTERNATIVE: 
GABION MATTRESS THICKNESS REQUIREMENTS 
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1.5 * Maximum 
0 5 0  (ff) 

3.3 
4.2 
5.7 
5. I 

N/A 

1.7 
3.3 
3.9 
N/A 

Maximum 
D50 (ff) 

2.2 
2.8 
3.8 
3.4 

NIA 

1 .I 
2.2 
2.6 
N/A 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 

Natural Channel 
By-Pass Channel 

Ironwood Reach 
Hackberry Reach 

Minimum Riprap 
Thickness (ft) 

3.5 
4.5 
6.0 
5.5 

N/A 

2.0 
3.5 
4.0 
N/A 

Minimum 
D50 (ft) 

0.3 
1.7 
1.2 
1.3 

N/A 

0.3 
0.2 
0.6 
N/A 

Gabion 
Mattress 

Thickness (in) 

18 
24 
30 
27 

NIA 

12 
18 
2 1 
2 1 

213 * Maximum 
D50 (in) 

17.6 
22.4 
30.0 
27.0 

NIA 

8.8 
17.6 
20.8 
NIA 

213 * Maximum 
D50 (ff) 

1.5 
1.9 
2.5 
2.3 

NIA 

0.7 
1.5 
1.7 
NIA 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 

Natural Channel 
By-Pass Channel 

Ironwood Reach 
Hackberry Reach 

Maximum 
D ~ o  (ff) 

2.2 
2.8 
3.8 
3.4 

NIA 

1 .I 
2.2 
2.6 
NIA 



12-5 PHASE 1 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 12-3) 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 levee structures will require stability analyses to 
determine their susceptibility to uplift, overturning, and sliding forces. Analyses to 
determine the potential for failure due to bbpiping" under the levees or abrasion of the 
structure surface will also be required. The conceptual bank protection design does not 
identify a minimum toe-down depth, nor does it account for the effects of local scour 
associated with any future bridge crossings. 

The proposed conceptual design for each alternative is described in detail for a typical 
reach of Skunk Creek and Sonoran Wash. The location of levees for the remaining 
reaches is depicted using a large-scale figure and references to the type of bank 
protection proposed (minimum- vs. maximum-depth). Bank protection on levee or fill are 
not proposed across the mouth of significant tributaries. 

Each alternative is quantified in terms of construction costs, land costs, benefits, and 
potential impacts for the full length of each watercourse. 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 and amount of land reclaimed fiom the floodplain and 
protected from the potential flood and erosion hazards. Intangible benefits are also 
realized through the preservation of the natural environment 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 $75,000 per acre. Embankment and fill 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 $1 5-30 per cubic yard for CSA, depending on total quantity. 
Cement for CSA was assumed to be $100 per ton, regardless of quantity. The quantities 
of levee embankment, excavation, and bank protection armor were estimated using the 
average-end-area method. 
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@ 12-5.1 Full-Structural Alternative 

A general depiction of the location and extent of the bank protection required to make the 
encroachments, whether associated with levees or fill, is provided on Figure 12-5.1. All 
bank protection associated with this alternative is maximum-depth, as defined by the 
scour analyses described earlier. Channel access ramps are proposed for maintenance 
purposes at approximately 2000-foot intervals, as requested by the Flood Control District. 
Ramps are also proposed at the future bridge crossings to provide continuity and safety 
for possible future trails along the watercourses. 

A detailed description of the proposed features associated with the Phase 1 Full- 
Structural Alternative for the Cutbank Reach of Skunk Creek and the Main Stem Reach 
of Sonoran Wash is provided below. Because the features are virtually identical 
throughout the study area, only one reach is described in detail for each watercourse. The 
descriptions begin at the downstream end of the reach and proceed upstream. 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 very close to the floodplain boundary. 

Detailed concept drawings of the proposed structural features in the reaches described 
below are included as Appendix E. The station numbers referenced in the following text 
below are taken from those concept drawings. 

12-5.1.1 Skunk Creek 

Cutbank Reach 

On the west side of the creek, a continuous levee with maximum-depth bank protection is 
necessary from the downstream end of the reach to approximately Station 197 and from 
Station 208 to 252. The remaining areas have maximum-depth bank protection against 
the natural bank. On the east side, a continuous levee with maximum-depth bank 
protection is necessary from the downstream end of the reach to approximately Station 
214 and from Station 250 to the upstream end of the reach. The remaining areas have 
maximum-depth bank protection against the natural bank. As mentioned previously, bank 
protection armor along a natural bank is provided to prevent loss of land due to erosion. 

Future east-west Lone Mountain and Dove Valley Roads, as well as north-south 
"Parkway A," are proposed to cross Skunk Creek in this reach. Ramps in the face of the 
bank protection are proposed at both ends of the future bridges to facilitate possible 
future trails to pass under the bridges. 

Table 12-5.1 summarizes the estimated quantities and costs for bank protection, 
excavation, levee embankment or fill (option), by armor type, for the full length of Skunk 
Creek, Phase 1. A breakdown of the total costs for Skunk Creek, Phase 1, by reach, can 
be found in Appendix D. 
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Scale: 1 "=2000' 

Figure 1 2-5.1 Full-Structural Alternative: Proposed Bunk Protection 



TABLE 12-5.1 PHASE 1 - FULL STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS FOR SKUNK CREEK 
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12-5.1.2 Sonoran Wash 

Main Stem Reach 

Continuous levees or fill with maximum-depth bank protection are necessary on both 
sides of the wash to make the desired encroachments in this reach. Future north-south 
"Parkway A" is proposed to cross Sonoran Wash at the upstream end of this reach. 
Ramps in the face of the bank protection are proposed at both ends of the future bridge to 
allow possible future trails to pass under the bridge. 

Table 12-5.2 summarizes the estimated quantities and costs for bank protection, 
excavation, levee embankment or fill (option), by armor type, for the full length of 
Sonoran Wash. A breakdown of the total costs for Sonoran Wash, by reach, can be 
found in Appendix D. 

12-5.2 Team Alternative 

A general depiction of the location and extent of the bank protection needed for the 
prescribed encroachments, whether associated with levees or fill, is provided by 12-5.2. 
A combination of maximum-depth and minimum-depth bank protection is required to 
allow the prescribed encroachment into the FEMA 100-year floodplain. When the 
encroachment is at or near the floodway boundary, maximum-depth (i.e., full-depth toe- 
down below thalweg) bank protection is proposed. When the encroachment is away from 
the floodway boundary (shallower depths, lower velocities), minimum-depth (three-foot 
toe-down below existing ground) bank protection is proposed. 

A detailed description of the proposed features associated with the Phase 1 Team 
Alternative for the Cutbank Reach of Skunk Creek and the Main Stem Reach of Sonoran 
Wash is provided below. The descriptions begin at the downstream end of the reach and 
proceed upstream. 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 very close to the floodplain boundary. 

Detailed concept drawings of the proposed structural features in the reaches described 
below are included as Appendix E. The station numbers referenced in the following text 
below are taken from those concept drawings. 
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TABLE 12-5.2 PHASE 1 - FULL STRUCTURAL ALTERNATNE: CONSTRUCTION COSTS FOR SONORAN WASH 
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Item 
Riprap Revetment 
_Excavation Total (yd3) 
Borrow Total (yd3) 
Riprap Total (yd3) 
Total Cost 

Gabion Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Gabion Total (yd3) 
Total Cost 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 

Total Cost 

Unit Price 

$3 
$5 
$35 

$3 
$5 
$65 

$3 
$5 
$1 5 
$1 00 

Left Bank 
Quantity (yd3) 

195,552 
83,693 
89,146 

195,552 
87,869 
39,576 

195,552 
82,850 
95,765 
13,574 

Left Bank 
Volume (yd3) 

215,064 
188,465 
78,361 

215,064 
192,124 
34,782 

215,064 
187,728 
84,159 
11,929 

Left Bank 
Cost 

$586,656 
$41 8,465 

$3,120,110 
$4,125,231 

$586,656 
$439,345 

$2,572,440 
$3,598,441 

$586,656 
$414,250 

$1,436,475 
$1,357,400 

$3,794,781 

Left Bank 
Cost 

$645,192 
$942,325 

$2,742,635 
$4,330,152 

$645,192 
$960,620 

$2,260,830 
$3,866,642 

$645,192 
$938,640 

$1,262,385 
$1,192,900 

$4,039,117 

Total Cost 

$1,130,754 
$844,330 

$6,020,525 
$7,995,609 

$1,130,754 
$884,690 

$4,978,155 
$6,993,599 

$1,130,754 
$835,480 

$2,789,805 
$2,636,400 

$7,392,439 

Levee 

Right Bank 
Quantity (yd3) 

181,366 
85,173 
82,869 

181,366 
89,069 
37,Ol I 

181,366 
84,246 
90,222 
12,790 

Fill 

Right Bank 
Quantity (yd3) 

187,627 
153,527 
72,539 

187,627 
156,930 
32,391 

187,627 
152,718 
78,956 
11,192 

Option 

Right Bank 
Cost 

$544,098 
$425,865 

$2,900,415 
$3,870,378 

$544,098 
$445,345 

$2,405,715 
$3,395,158 

$544,098 
$421,230 

$1,353,330 
$1,279,000 

$3,597,658 

Option 

Right Bank 
Cost 

$562,881 
$767,635 

$2,538,865 
$3,869,381 

$562,881 
$784,650 

$2,105,415 
$3,452,946 

$562,881 
$763,590 

$1,184,340 
$1,119,200 

$3,630,01 I 

Total Quantity 
(yd3) 

376,918 
168,866 
172,015 

376.91 8 
176,938 
76,587 

376,918 
167,096 
185,987 
26,364 

Total Quantity 
(yd3) 

402,691 
341,992 
150,900 

402,691 
349,054 
67,173 

402,691 
340,446 
163.1 15 
23,121 

Total Cost 

$1,208,073 
$1,709,960 
$5,281,500 
$8.1 99,533 

$1,208,073 
$1,745,270 
$4,366,245 
$7,319,588 

$1,208,073 
$1,702,230 
$2,446,725 
$2,312,100 

$7,669,128 



. 1 orie Mountain Rd 



@ 12-5.2.1 S k u ~ k  Creek 

Cutbank Reach 

A levee or fill with minimum-depth bank protection is proposed to make the prescribed 
encroachment from Sta. 245 to 253 along the west side of the watercourse. On the east 
side, minimum-depth bank protection is required from Station 186 to 214, and from 
Station 234 to 250. 

Table 12-5.3 summarizes the approximate quantities and costs for bank protection, 
excavation, and levee embankment or optional fill construction required, by armor type, 
for the full length of Skunk Creek, Phase 1. A breakdown of the costs for each reach can 
be found in Appendix D. 
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TABLE 12-5.3 PHASE 1 - TEAM ALTERNATIVE: CONSTRUCTION COSTS FOR SKUNK CREEK 

SKUNK CREEK WATERCOURSE MASTER PLAN 40 
Tetra Tech, Inc. 

Item 

Riprap Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Riprap Total (yd3) 
Total Cost 

Gabion Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Gabion Total (yd3) 
Total Cost 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 

Total Cost - 

Unit Price 

$6 
$8 
$50 

$6 
$8 
$85 

$6 
$8 
$30 

$1 15 

Left Bank 
Quantity (yd3) 

1,152 
2,997 
1.71 1 

1,152 
3,062 
760 

1,152 
3,037 
1,530 
21 7 

Left Bank 
Quantity (yd3) 

1,145 
8,588 
1,098 

1,145 
8,588 
488 

1,145 
8,588 
982 
139 

Left Bank 
Cost 

$6,912 
$23,976 
$85,550 
$1 16,438 

$6,912 
$24,496 
$64,600 
$96,008 

$6,912 
$24,296 
$45,900 
$24,955 

$102,063 

Left Bank 
Cost 

$6,870 
$68,704 
$54,900 
$130,474 

$6,870 
$68,704 
$41,480 

$1 17,054 

$6,870 
$68,704 
$29,460 
$15,985 

$1 21,019 

Levee 

Right Bank 
Quantity (yd3) 

4,995 
12,994 
9,840 

4,995 
13,275 
4,373 

4.995 
13,167 
8,801 
1,248 

Fill Option 

Right Bank 
Quantity (yd3) 

4,965 
14,264 
7,182 

4,965 
14,264 
3,192 

4,965 
14,264 
6,424 
91 1 

Option 

Right Bank 
Cost 

$29,970 
$103,952 
$492,000 
$625,922 

$29,970 
$106,200 
$371,705 
$507,875 

$29,970 
$105.336 
$264,030 
$143,520 

$542,856 

Right Bank 
Cost 

$29,790 
$114,112 
$359,100 
$503,002 

$29,790 
$114,112 
$271,320 
$41 5,222 

$29,790 
$1 14,112 
$192,720 
$104,765 

$441,387 

Total Quantity 
( ~ d ~ )  

6,147 
15,991 
11,551 

6,147 
16,337 
5,133 

6,147 
16,204 
10,331 
1,465 

Total Cost 

$36,882 
$127,928 
$577,550 
$742,360 

$36,882 
$130,696 
$436,305 
$603,883 

$36,882 
$129,632 
$309,930 
$1 68,475 

$644,919 

Total Quantity 
(yd3) 

6,110 
22,852 
8,280 

6,110 
22,852 
3,680 

6,110 
22,852 
7,406 
1,050 

Total Cost 

$36,660 
$182,816 
$414,000 
$633,476 

$36,660 
$182,816 
$312,800 
$532,276 

$36,660 
$1 82,816 
$222,180 
$120,750 

$562,406 



12-5.2.2 Sonoran Wash 

Main Stem Reach 

A levee or fill in combination with minimum-depth and maximum-depth bank protection 
is proposed to make the prescribed encroachment along the west side of the watercourse. 
Minimum-depth bank protection is required from approximately Station 133 to 153. 
Because the Lateral Migration Erosion Hazard boundary is very close to the floodway 
boundary, maximum-depth bank protection is required from Station 153 to 167. On the 
east side, minimum-depth bank protection, in conjunction with levee or fill, is required 
through the entire reach (Station 135 to 169). 

Future north-south "Parkway A" is proposed to cross Sonoran Wash at the upstream end 
of this reach. Ramps in the face of the bank protection are proposed at both ends of the 
future bridge to allow possible future trails to pass under the bridge. 

Table 12-5.4 summarizes the approximate quantities and costs for bank protection, 
excavation, and levee embankment or optional fill construction required by armor type, 
for the full length of Sonoran Wash. A breakdown of the costs for each reach can be 
found in Appendix D. 
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TABLE 12-5.4 PHASE 1 - TEAM ALTERNATIW: CONSTRUCTION COSTS FOR SONORAN WASH 

SKUNK CREEK WATERCOURSE MASTER PLAN 42 
Tetra Tech, Inc. 

Item 

Riprap Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Riprap Total (yd3) 
Total Cost 

Gabion Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Gabion Total (yd3) 
Total Cost 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 

Total Cost 

Unit Price 

$5 
$7 
$40 

$5 
$7 
$75 

$5 
$7 
$20 
$1 10 

Left Bank 
Quantity (yd3) 

34,565 
23,835 
14,734 

34,565 
24,565 
8,213 

34,565 
23,262 
22,038 
3,124 

Left Bank 
Quantity (yd3) 

35,544 
75,636 
12,349 

35,544 
75,636 
6,886 

35,544 
75,636 
18,477 
2,619 

Option 

Right Bank 
Cost 

$40,620 
$123,914 
$367,280 
$531,814 

$40,620 
$127,127 
$358,350 
$526,097 

$40,620 
$120,890 
$286,660 
$223,520 

$671,690 

Left Bank 
Cost 

$172,825 
$166,845 
$589,360 
$929,030 

$1 72;825 
$171,955 
$615,975 
$960,755 

$172,825 
$162,834 
$440,760 

$343,640 

$1,120,059 

Left Bank 
Cost 

$1 77,720 
$529,452 
$493,960 

$1,201,132 

$177,720 
$529,452 
$516,450 

$1,223,622 

$177,720 
$529,452 
$369,540 
$288,090 

$1,364,802 

Levee 

Right Bank 
Quantity (yd3) 

8,124 
17,702 
9,182 

8,124 
18,161 
4,778 

8,124 
17,270 
14,333 
2,032 

Total Quantity 
(yd3) 

42,689 
41,537 
23,916 

42,689 
42,726 
12,991 

42,689 
40,532 
36,371 
5,156 

Total Cost 

$21 3,445 
$290,759 
$956,640 

$1,460,844 

$213,445 
$299,082 
$974,325 

$1,486,852 

$213,445 
$283,724 
$727,420 
$567,160 

$1,791,749 

Fill Option 

Right Bank 
Quantity (yd3) 

8,743 
22,327 
6,724 

8,743 
22,663 
3,496 

8,743 
22,010 
10,496 
1,488 

Right Bank 
Cost 

$43,715 
$156,289 
$268,960 
$468,964 

$43,715 
$158,641 
$262,200 
$464,556 

$43,715 
$154,070 
$209,920 
$163,680 

$571,385 

Total Quantity 
(yd3) 

44,287 
97,963 
19,073 

44,287 
98,299 
10,382 

44,287 
97,646 
28,973 
4,107 

Total Cost 

$221,435 
$685,741 
$762,920 

$1,670,096 

$221,435 
$688,093 
$778,650 

$1,688,178 

$221,435 
$683,522 
$579,460 
$451,770 

$1,936,187 



12-5.3 Nonstructural Alternative 

As the name implies, there are no structural features associated with the Nonstructural 
Alternative for either watercourse in Phase 1 of the study. 

12-5.4 Stakeholder's Alternative 

A general depiction of the location and extent of the bank protection required to make the 
encroachments for this alternative, whether associated with levees or fill, is provided by 
Figure 12-5.3. All bank protection associated with this alternative is maximum-depth, as 
defined by the scour analyses described earlier. Channel access ramps are proposed for 
maintenance purposes at approximately 2000-foot intervals, as requested by the Flood 
Control District. Ramps are also proposed at the future bridge crossings to provide 
continuity and safety for possible future trails along the watercourses. 

A detailed description of the proposed features associated with the Phase 1 Stakeholders 
Alternative for the Cutbank Reach of Skunk Creek and the Main Stem Reach of Sonoran 
Wash is provided below. The descriptions begin at the downstream end of the reach and 
proceed upstream. 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 very close to the floodplain boundary. 

Detailed concept drawings of the proposed structural features in the reaches described 
below are included as Appendix E. The station numbers referenced in the following text 
below are taken from those concept drawings. 
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Figure 12-5.3 Stakeholder's Alternative: Proposed Bank Protection 



12-5.4.1 Skunk Creek 

Cutbank Reach 

On the west side of the creek, a continuous levee with maximum-depth bank protection is 
necessary from approximately Station 246 to 273. The remaining bank protection is 
maximum-depth against the natural bank. On the east side, a continuous levee with 
maximum-depth bank protection is necessary from the downstream end of the reach to 
approximately Station 225 and from Station 234 to the upstream end of the reach. The 
remaining bank protection is maximum-depth against the natural bank. As mentioned 
previously, bank protection armor along a natural bank is provided to prevent loss of land 
due to erosion. 

Future east-west Dove Valley Road and north-south "Parkway A," are proposed to cross 
Skunk Creek in this reach within the area of proposed bank protection. Ramps in the face 
of the bank protection are proposed at both ends of the future bridges to allow possible 
future trails to pass under the bridges. 

Table 12-5.5 summarizes the approximate quantities and costs for bank protection, 
excavation, and levee embankment or optional fill construction required, by armor type, 
for the full length of Skunk Creek, Phase 1. A breakdown of the costs for each reach can 
be found in Appendix D. 
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TABLE 12-5.5 PHASE 1 - STAKEHOLDERS ALTERNATIVE: CONSTRUCTION COSTS FOR SKUNK CREEK 

SKUNK CREEK WATERCOURSE MASTER PLAN 46 
Tetra Tech, Inc. 

l tern 

Riprap Revetment 
Excavation Total (yd3) 
Bomw Total (yd3) 

Riprap Total (yd3) 
Total Cost 

Gabion Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Gabion Total (yd3) 
Total Cost 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 

,Total Cost 

Unit Price 

$3 
$6 
$40 

$3 
$6 
$70 

$3 
$6 
$18 

$1 10 

Left Bank 
Quantity (yd3) 

55,177 
9,822 

28,753 

55,177 
10,938 
14,376 

55,177 
10,233 
19,288 
2,734 

Left Bank 
Quantity (yd3) 

56,747 
20,311 
26,033 

56,747 
20.31 1 
13,016 

56,747 
20.31 1 
17,463 
2,475 

Left Bank 
Cost 

$165,531 
$58,932 

$1,150,120 
$1,374,583 

$165,531 
$65,628 

$1,006,320 
$1,237,479 

$165,531 
$61,398 
$347,~ 84 

$300,740 

$874,853 

Left Bank 
Cost 

$170,241 
$121,866 

$1,041,320 
$1,333,427 

$170,241 
$121,866 
$91 1,120 

$1,203,227 

$170,241 
$121,866 
$314,334 
$272,250 

$878,691 

Levee 

Right Bank 
Quantity (yd3) 

158,477 
58,855 
89,194 

158,477 
62,479 
44,295 

158,477 
60,192 
60,239 
8,539 

Fill Option 

Right Bank 
Quantity (yd3) 

160,705 
137,763 
80,316 

160,705 
141,015 
39,893 

160,705 
138,963 
54,233 
7,688 

Option 

Right Bank 
Cost 

$475,431 
$353,130 

$3,567,760 
$4,396,321 

$475,431 
$374,874 

$3.1 00,650 
$3,950,955 

$475,431 
$361,152 

$1,084,302 
$939,290 

$2,860,175 

Right Bank 
Cost 

$482,115 
$826,578 

$3,212,640 
$4,521,333 

$482,115 
$846,090 

$2,792.51 0 
$4,120,715 

$482,115 
$833,778 
$976,194 
$845,680 

$3,137,767 

Total Quantity 
(yd3) 

213,654 
68,677 
117,947 

213,654 
73,417 
58,671 

213,654 
70,425 
79,527 
11,273 

Total Cost 

$640,962 
$412,062 

$4,717,880 
$5,770,904 

$640,962 
$440,502 

$4.1 06,970 
$5,188,434 

$640,962 
$422,550 

$1,431,486 
$1,240,030 

$3,735,028 

Total Quantity 
(yd3) 

217,452 
158,074 
106,349 

217,452 
161,326 
52,909 

217,452 
159,274 
71,696 
10,163 

Total Cost 

$652,356 
$948,444 

$4,253,960 
$5,854,760 

$652,356 
$967,956 

$3,703,630 
$5,323,942 

$652,356 
$955,644 

$1,290,528 
$1,117,930 

$4,016,458 



12-5.4.2 Sonoran Wash 

Main Stem Reach 
Plateau Ventures proposes to maximize the amount of land available for development by 
moving the FEMA floodplain and floodway to the eastern side of the parcel through the 
construction of a bypass channel. This concept design is described in the March 17, 
2000, report, "Preliminary Hydraulic Analysis of Un-named Wash in Biscuit Flats, 
Phoenix, Arizona" prepared by Coe & Van Loo Engineers for Plateau Ventures (Re: 
Appendix G). To preserve riparian vegetation and satisfy the U.S. Army Corps of 
Engineers 404 Permit requirements, discharges less than or equal to bank-full are to be 
conveyed by the existing natural channel. The bypass channel is to convey only 
discharges that exceed bank-full in the existing channel. To implement the proposal, a 
flow diversion structure will be necessary to direct discharges above bank-full in the 
existing channel into the bypass channel. Also, to reduce the grade of the bypass 
channel, it is anticipated that one or more grade control structures will be required, 
Maximum-depth bank protection, in conjunction with levees or fill construction, will be 
needed along both banks of the natural channel, as well as both banks of the proposed 
bypass channel. A flow expansion transition is necessary at the downstream end of the 
reach to return the flow back to its natural distribution to avoid adversely impacting the 
downstream parcels. 

Future north-south "Parkway A" is proposed to cross Sonoran Wash at the upstream end 
of this reach. Ramps in the face of the bank protection are proposed at both ends of the 
future bridge to allow possible future trails to pass under the bridge. 

Table 12-5.6 summarizes the approximate quantities and costs for bank protection, 
excavation, and levee embankment or optional fill construction required, by armor type, 
for the full length of Sonoran Wash. A breakdown of the costs for each reach can be 
found in Appendix D. 
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TABLE 12-5.6 PHASE 1 - STAKEHOLDERS AJLTERNATIWC: CONSTRUCTION COSTS FOR SONORAN WASH 

SKUNK CREEK WATERCOURSE MASTER PLAN 48 
Tetra Tech, Inc. 

Item 
Riprap Revetment 
Excavation Total (yd3) 
Borrow Total (yd') 
Riprap Total (yd3) 
Transition Structure (LS) 
Six (6) Grade Control Structures (yd3) 
Total Cost 

Gabion Revetment 
Excavation Total (yd3) 
Borrow Total (yd') 
Gabion Total (yd3) 
Transition Structure (LS) 
Six (6) Grade Control Structures (yd3) 
Total Cost 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 
Transition Structure (LS) 
SIX (6) Grade Control Structures (yd3) 
Six (6) Grade Control Structures 
Cement (tons) 
Total Cost 

Unit Price 

$3 
$6 
$40 

$1 50,000 
$40 

$3 
$6 
$70 

$150,000 
$70 

$3 
$6 
$18 
$110 

$150,000 
$18 

$110 

Left Bank 
Quantity 

(yd3) 

131,267 
40,483 
46,712 

131.267 
42,706 
20,812 

131,267 
39,856 
55,918 
7,926 

Left Bank 
Quantity 

(yd3) 

132,168 
150,642 
40,630 

132,168 
152,521 
18.41 5 

132,168 
150,116 
49,765 
7,054 

Left Bank 
Cost 

$393,801 
$242,898 

$1,868,480 

$2,505,179 

$393,801 
$256,236 

$1,456,840 

$2,106,877 

$393,801 
$239,136 

$1,006,524 
$871,860 

$2,511,321 

Levee 
Right Bank 

Quantity 
(yd3) 

132,847 
26,096 
32,844 

132,847 
27,576 
14,656 

132,847 
25,374 
41,263 
5,849 

Left Bank 
Cost 

$396,504 
$903,852 

$1,625,200 

$2,925,556 

$396,504 
$915.126 

$1,289,050 

$2,600,680 

$396,504 
$900,696 
$895,770 
$775,940 

$2,968,910 

Fill 
Right Bank 
Quantity 

(yd3) 

122,522 
101,839 
28,396 

90,021 
100,142 
9,967 

122,522 
101,229 
35,549 
5,039 

Option 

Right Bank 
Cost 

$367,566 
$61 1,034 

$1,135,840 

$2,114,440 

$270,063 
$600,852 
$697,690 

$1,568,605 

$367,566 
$607,374 
$639,882 
$554,290 

$2,169,112 

Optlon 

Right Bank 
Cost 

$398,541 
$156,576 

$1,313,760 

$1,868,877 

$398,541 
$165,456 

$1,025,920 

$1,589,917 

$398,541 
$152,244 
$742,734 
$643,390 

$1,936,909 

Total Quantity 
(yd3) 

254,690 
252,481 
69,026 

1 
7,630 

222,189 
252,663 
28,382 

1 
2,545 

254,690 
251,345 
85,314 
12,093 

1 
6,782 

962 

Total Quantity 
(yd3) 

264,114 
66,579 
79,556 

1 
7,630 

264.1 14 
70,282 
35,468 

1 
2,545 

264,114 
65,230 
97,181 
13,775 

1 
6,782 

962 

Total Cost 

$764,070 
$1,514,886 ' 

$2,761,040 
$150,000 
$305,200 

$5,495,196 

$666,567 
$1,515,978 
$1,986.740 
$150,000 
$178,150 

$4,497,435 

$764,070 
$1,508,070 
$1,535,652 
$1,330,230 
$150,000 
$122,076 

$105,820 
$5,515,918 

Total Cost 

$792,342 
$399,474 

$3,182,240 
$150,000 
$305,200 

$4,829,256 

$792,342 
$421,692 

$2,482,760 
$150,000 
$178,150 

$4,024,944 

$792,342 
$391,380 

$1,749,258 
$1,515,250 
$150,000 
$122,076 

$105,820 
$4,826,126 



12-5.5 Summary of Construction Costs 

From inspecting Tables 12-5.1 through 12-5.6, 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 Skunk 
Creek, CSA is the most economical armor to use. However, when the length is relatively 
short, such as for the Team Alternative on Sonoran Wash, riprap is competitive. Gabion 
mattresses are the economical choice for the Stakeholder Alternative on Sonoran Wash, 
which requires an intermediate length of bank protection. 

Since a basic assumption of the master plan study is that all 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. 

12-5.5.1 Full-Structural Alternative 

Table 12-5.7 summarizes the approximate total construction costs, by armor type, for 
bank protection, excavation, and levee embankment or fill construction for the Phase 1, 
Full-Structural Alternative. Sufficient length of bank protection is required in this 
alternative to make CSA the most economical armor option at an estimated cost of 
$17.9M for the levee option and $19.7M for the fill option. 

12-5.5.2 Team Alternative 

Table 12-5.8 summarizes the approximate total construction costs, by armor type, for 
bank protection, excavation, and levee embankment or fill construction for the Phase 1, 
Team Alternative. Sufficiently less length of bank protection is required in this 
alternative; therefore Gabion mattresses are the most economical armor option at an 
estimated cost of $2.1M for the levee option and $2.2M for the fill option. 

12-5.5.3 Nonstructural Alternative 

There are no construction costs associated with the Nonstructural Alternative. 

12-5.5.4 Stakeholders Alternative 

Table 12-5.9 summarizes the approximate total construction costs, by armor type, for 
bank protection, excavation, and levee embankment or fill construction for the Phase 1, 
Stakeholders Alternative. Sufficient bank protection is required in this alternative to 
make CSA the most economical armor option at an estimated cost of $8.6M for the levee 
option and $9.5M for the fill option. 



TABLE 12-5.7 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: CONSTRUCTION COSTS 

SKUNK CREEK WATERCOURSE MASTER PLAN 50 
Tetra Tech, Inc. 

Item 

Riprap Revetment 
Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 
Total Cost 

Gabion Mattress Revetment 
Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 
Total Cost 

Fill Option 

Unit 
Price 

$2 
$5 
$30 

$2 
$5 
$60 

Left Bank 
Quantity 
(yd3) 

554,949 
418,166 
219.971 

554,949 
429,037 
103,287 

Levee Option 

Left Bank 
Cost 

$1,664,847 
$2,090,830 
$7,698,985 
$1 1,454,662 

$1,664,847 
$2,145,185 
$6,713,655 
$10,523,687 

Left Bank 
Quantity 
(yd3) 

523,892 
181,987 
246,391 

523,889 
194,168 
115,576 

Right Bank 
Quantity 
(yd3) 

524,271 
571,708 
212,525 

524,271 
582,224 
100,298 

Left Bank 
Cost 

$1,571,676 
$909,935 

$8,623,685 
$1 1 ,I 05,296 

$1,571,667 
$970,840 

$7,512,440 
$1 0,054,947 

Right Bank 
Cost 

$1,572,813 
$2,858,540 
$7,438,375 
$1 1,869,728 

$1,572,813 
$2.91 1,120 
$6,519,370 
$1 1,003,303 

Right Bank 
Quantity 
(yd3) 

499,158 
201,824 
238,159 

499,158 
213,608 
112,266 

Total Quantity 
(yd3) 

1,079,220 
989,874 
432.496 

1,079,220 
1.01 1,261 
203,585 

Right Bank 
Cost 

$1,497,474 
$1,009,120 
$8,335,565 
$1 0,842,159 

$1,497,474 
$1,068,040 
$7,297,290 
$9,862,804 

Total Cost 

$3,237,660 
$4,949,370 
$15,137,360 
$23,324,390 

$3,237,660 
$5,056,305 
$13,233,025 
$21,526,990 

Total Quantity 
(yd3) 

1,023,050 
383.81 1 
484,550 

1,023,047 
407,776 
227,842 

Total Cost 

$3,069,150 
$1.91 9,055 
$16,959.250 
$21,947,455 

$3,069,141 
$2,038,880 
$14,809,730 
$19,917,751 



TABLE 12-5.8 PHASE 1 - TEAM ALTERNATIVE: CONSTRUCTION COSTS 

SKUNK CREEK WATERCOURSE MASTER PLAN 5 1 
Tetra Tech, Inc. 

Item 

Riprap Revetment 
Excavation (yd3) $2 35,717 $179,737 13,119 $70,590 48,836 $250,327 36,689 $184,590 13,708 $73,505 50,397 $258,095 
Borrow Material (yd3) $5 26.832 $190,821 30,696 $227,866 57,528 $418,687 84,224 $598,156 36,591 $270,401 120,815 $868,557 
Riprap Revetment (yd3) $30 16,445 $674.91 0 19,022 $859,280 35,467 $1,534,190 13,447 $548,860 13,906 $628,060 27,353 $1,176,920 
Total Cost $1,045,468 $1 ,I 57,736 $2,203,204 $1,331,606 $971,966 $2,303,572 

3abion Mattress Revetment 
Excavation (yd3) $2 35,717 $179,737 13.1 19 $70,590 48,836 $250,327 36,689 $184,590 13,708 $73,505 50,397 $258,095 
Borrow Material (yd3) $5 27,627 $1 96,451 31,436 $233,327 59.063 $429,778 84,224 $598.1 56 36.927 $272.753 121 ,I 51 $870,909 
Gabion Revetment (yd3) $60 8,973 $680,575 9,151 $730,055 18,124 $1,410,630 7,374 $557,930 6,688 $533,520 14,062 $1,091,450 
Total Cost $1,056,763 $1,033,972 $2,090,735 $1,340,676 $879,778 $2,220,454 

CSA Revetment 
Excavation (yd3) $2 35,717 $179,737 13,119 $70,590 48,836 $250,327 36,689 $184,590 13,708 $73,505 50,397 $258,095 
Borrow Material (yd3) $5 26,299 $187,130 30,437 $226,226 56,736 $413,356 84,224 $598,156 36,274 $268,182 120,498 $866,338 
CSA Revetment (yd3) $15 23,568 $486,660 23,134 $550,690 46,702 $1,037,350 19,459 $399,000 16,920 $402,640 36,379 $801,640 

' 

CSA Cement (tons) $100 3,341 $368,595 3,280 $367,040 6,621 $735,635 2,758 $304,075 2,399 $268,445 5,157 $572,520 
Total Cost $1,222,122 $1,214,546 $2,436,668 $1,485,821 $1,012,772 $2,498,593 

Fill Option 

Unit 
Price 

Left Bank 
Quantity 

(yd3) 

Right Bank 
Quantity 

(yd3) 

Levee Option 

Left Bank 
Cost 

Right Bank 
Cost Total Cost 

Lefl Bank 
Quantity 

(yd3) 
Total Quantity 

(yd3) 
Right Bank 

Cost Total Cost 
Total Quantity 

(yd3) 
Left Bank 

Cost 

Right Bank 
Quantity 

(yd3) 



TABLE 12-5.9 PHASE 1 - STAKEHOLDERS ALTERNATW: CONSTRUCTION COSTS 

SKUNK CREEK WATERCOURSE MASTER PLAN 52 
Tetra Tech, Inc. 

Item 
Riprap Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Riprap Total (yd3) 
Transition Structure (LS) 
Six (6) Grade Control 
Structures (yd3) 
Total Cost 

Gabion Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Gabion Total (yd3) 
Transition Structure (LS) 
Six (6) Grade Control 
Structures (yd3) 
Total Cost 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 
Transition Structure (LS) 
Six (6) Grade Control 
Structures (yd3) 
Six (6) Grade Control 
Structures Cement (tons) 
Total Cost 

Left Bank 
Quantity (yd3)~eft 

188,915 
170,953 
66,663 

0 

0 

188,915 
172,832 
31,431 

0 

0 

188,915 
170,427 
67,228 
9,529 

0 

0 

0 

Unit Price 

$3 
$6 
$40 

$150,000 

$40 

$3 
$6 
$70 

$150,000 

$70 

$3 
$6 
$18 
$110 

$150,000 

$18 

$1 10 

Bank Cost 

$566,745 
$1,025,718 
$2,666,520 

$0 

$0 
$4,258,983 

$566,745 
$1,036,992 
$2,200,170 

$0 

$0 
$3,803,907 

$566,745 
$1,022,562 
$1,210,104 
$1,048,190 

$0 

$0 

$0 
$3,847,601 

Fill 
Right Bank 

Quantity (yd3) 

283,227 
239,602 
108,712 

0 

0 

250,726 
241,157 
49,860 

0 

0 

283,227 
240,192 
89,782 
12,727 

0 

0 

0 

Total Cost 

$1,416,426 
$2,463,330 
$7,015,000 
$150,000 

$305,200 
$1 1,349,956 

$1,318,923 
$2,483,934 
$5,690,370 
$150,000 

$178,150 
$9,821,377 

$1,416,426 
$2,463,714 
$2,826,180 
$2,448,160 
$150,000 

$122,076 

$1 05,820 
$9,532,376 

Option 
Right Bank 

Cost 

$873,972 
$509,706 

$4,881,520 
$0 

$0 
$6,265,198 

$873,972 
$540.330 

$4,126,570 
$0 

$0 
$5,540,872 

$873,972 
$513,396 

$1,827,036 
$1,582,680 

$0 

$0 

$0 
$4,797,084 

Option 
Right Bank 

Cost 

$849,681 
$1,437,612 
$4,348,480 

$0 

$0 
$6,635,773 

$752,178 
$1,446.942 
$3,490,200 

$0 

$0 
$5,689,320 

$849,681 
$1,441,152 
$1,616,076 
$1,399,970 

$0 

$0 

$0 
$5,306,879 

Levee 
Right Bank 

Quantity (yd3) 

291,324 
84,951 
122,038 

0 

0 

291,324 
90,055 
58,951 

0 

0 

291,324 
85,566 
101,502 
14,388 

0 

0 

0 

Left Bank 
Quantity (yd3) 

186,444 
50,305 
75,465 

0 

0 

186,444 
53,644 
35,188 

0 

0 

186,444 
50,089 
75,206 
10,660 

0 

0 

0 

Total Quantity 
(yd3) 

472,142 
41 0,555 
175,375 

1 

7,630 

439,641 
413,989 
81,291 

1 

2,545 

472,142 
410,619 
157,010 
22,256 

1 

6,782 

962 

Left Bank Cost 

$559,332 
$301,830 

$3,018,600 
$0 

$0 
$3,879,762 

$559,332 
$321,864 

$2,463,160 
$0 

$0 
$3,344,356 

$559,332 
$300,534 

$1,353,708 
$1,172,600 

$0 

$0 

$0 
$3,386,174 

Total Quantity 
(yd3) 

477,768 
135,256 
197,503 

1 

7,630 

477,768 
143,699 
94,139 

1 

2,545 

477,768 
135,655 
176,708 
25,048 

1 

6,782 

962 

Total Cost 

$1,433,304 
$81 1,536 

$7,900,120 
$150,000 

$305,200 
$10,600,160 

$1,433,304 
$862,194 

$6,589,730 
$150,000 

$178,150 
$9,213,378 

$1,433,304 
$813,930 

$3,180,744 
$2,755,280 
$150,000 

$122,076 

$105,820 
$8,561 ,I 54 



12-5.6 Summary of Land Costs, Benefits, and Impacts 

A land cost is defined as property that must be purchased to implement a given 
alternative. 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 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. To be consistent with 
land values estimated by the City of Phoenix, a unit price of $75,000 per acre is used. 

Impacts are defined as areas of medium- and high-value wildlife habitat that would be 
potentially lost or disrupted by development. The degree of impact to wildlife habitat 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 Team 
Alternative represents the total impact area for the Team Alternative. The same approach 
is applied for the Full-Structural and Stakeholders Alternatives. 

12-5.6.1 Full-Structural Alternative 

Table 12-5.10 summarizes the land costs, land benefits, and acres of wildlife habitat 
impacted, by reach, for the Full-Structural Alternative. The costs represent land to be 
purchased. The benefits represent land reclaimed from the regulatory area. 



TABLE 12-5.10 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: 
LAND COSTS, BENEFITS AND IMPACTS 

Land Cost = $75,000 per acre 

SKUNK CREEK WATERCOURSE MASTER PLAN 54 
Tetra Tech, Inc. 

(I ) 
SKUNK CREEK 

294.8 $22,105,223 0.0 $0 -$22,105,223 12 29 41 

IMPACTS (ACRES) COST ESTIMATE 

MEDIUM 
VLAUE 

HABITAT 

(7) 

NET LAND 
COST 

(6) 

HIGH 
VALUE 

HABITAT 

(8) 

TOTAL 

(9) 

PURCHASE 
COST 

(5) 

AREA 
RECLAIMED 

(ACRES) 

(2) 

LAND 
BENEFIT 

(3) 

AREA 
PURCHASED 

(ACRES) 

(4) 



12-5.6.2 Team Alternative 

Table 12-5.11 summarizes the land costs, land benefits, and acres of wildlife habitat 
impacted, by reach, for the Team Alternative. The costs represent land to be purchased. 
The benefits represent land reclaimed from the regulatory area. 

TABLE 12-5.1 1 PHASE 1 - TEAM ALTERNATIVE: 
LAND COSTS, BENEFITS AND IMPACTS 

IMPACTS (ACRES) 

MEDIUM I HIGH 1 
COST ESTIMATE 

(1 ) 

AREA I 

Sandy Reach 
Main Stem Reach 
Ironwood Reach 

Land Cost = $75,000 per acre 

AREA 
RECLAIMED 

(ACRES) 

(2) 

Hackberry Reach 
Wash Total 

12-5.6.3 Nonstructural Alternative 

2.5 
19.2 
10.9 

To allow a study watercourse to be sustained in its natural state, the non-encroachment 
limit for this alternative is located adjacent to the Long-Term Erosion Hazard Zone 
boundary or the FEMA 100-yearJloodplain 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 inside the non-encroachment area. The estimated cost associated with the acquisition 
of these properties is summarized by reach in Table 12-5.12 below. There are no 
impacts or reclaimed lands associated with this alternative. 

LAND 
BENEFIT 

(3) 

1 .O 
33.6 

SKUNK CREEK WATERCOURSE MASTER PLAN 55 
Tetra Tech, Inc, 

$1 85,715 
$1,441,695 
$819,803 

PURCHASED 
(ACRES) 

(4) 

$74,393 
$2,521,605 

0.0 
0.0 
0.5 

PURCHASE 
COST 

(5) 

0.0 
0.5 

$0 
$0 

$40,995 

NET LAND 
COST 

(6) 

$0 
$40,995 

-$185,715 
-$I ,441,695 
-$778,808 

VALUE 
HABITAT 

(7) 

-$74,393 
-$2,480,610 

0 
0 
1 

VALUE 
HABITAT 

(8) 

0 
1 

TOTAL 

(9) 

0 
0 
0 

0 
0 
0 

2 
2 

2 
3 



TABLE 12-5.12 PHASE 1 - NON-STRUCTURAL: 
LAND COSTS, BENEFITS AND IMPACTS 

Land Cost = $75,000 per acre 

12-5.6.4 Stakeholders Alternative 

(1 ) 
SKUNK CREEK 

Table 12-5.13 summarizes the land costs, land benefits, and acres of wildlife habitat 
impacted, by reach, for the Stakeholders Alternative. The costs represent land to be 
purchased. The benefits represent land reclaimed from the regulatory area. 

IMPACTS (ACRES) 

SKUNK CREEK WATERCOURSE MASTER PLAN 56 
Tetra Tech, Inc, 

MEDIUM 
VALUE 

HABITAT 
(7) 

COST ESTIMATE 

ALTERNATIVE 
TOTAL 

HIGH 
VALUE 

HABITAT 

(8) 

0.0 

TOTAL 

(9) 

PURCHASE 
COST 

(5) 

AREA 
PURCHASED 

(ACRES) 
(4) 

AREA 
RECLAIMED 

(ACRES) 
(2) 

NET LAND 
COST 

(6) 

LAND 
BENEFIT 

(3) 

$0 113.1 $8,481,615 $8,481,615 0 0 0 



TABLE 12-5.13 PHASE 1 - STAKEHOLDERS ALTERNATIVE: 
LAND COSTS, BENEFITS, AND IMPACTS 

Land Cost = $75,000 per acre 

In terms of land cost and benefits, the Full-Structural Alternative (using levees or fill) is 
the most economical based on both absolute and net land costs. However, this economy 
is gained at the expense of 42 acres of wildlife habitat. In terms of impact to wildlife 
habitat, the Nonstructural Alternative is the best choice since it impacts "zero" acres of 
this resource. 

(1 ) 
SKUNK CREEK 

12-5.7 Summary of Net Costs and Impacts 

130.1 $9,750,428 3.3 $247,178 -$9,503,250 6 8 14 

IMPACTS (ACRES) 

Tables 12-5.14 through 12-5.23 summarize the total net costs and 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. 

COST EST1 MATE 

MEDIUM 
VALUE 

HABITAT 

(7) 

12-5.7.1 Full-Structural Alternative 

Tables 12-5.14 through 12-5.16 contain the total net costs and resource impacts for the 
Full-Structural Alternative using riprap, gabion mattress, and CSA bank protection 
options, respectively. 

NET LAND 
COST 

(6) 

HIGH 
VALUE 

HABITAT 

(8) 

SKUNK CREEK WATERCOURSE MASTER PLAN 57 
Tetra Tech, Inc. 

TOTAL 

(9) 

AREA 
RECLAIMED 

(ACRES) 

(2) 

AREA 
PURCHASED 

(ACRES) 

(4) 

LAND 
BENEFIT 

(3) 

PURCHASE 
COST 

(5) 



12-5.7.2 Team Alternative 

Tables 12-5.17 through 12-5.19 contain the total net costs and resource impacts for the 
Team Alternative using riprap, gabion mattress, and CSA bank protection options, 
respectively. 

12-5.7.3 Nonstructural Alternative 

Table 12-5.20 contains the total net costs for the Nonstructural Alternative. Recall that 
there are no impacts with this alternative. 

12-5.7.4 Stakeholders Alternative 

Tables 12-5.21 through 12-5.23 contain the total net costs and resource impacts for the 
Stakeholders Alternative using riprap, gabion mattress, and CSA bank protection 
options, respectively. 

SKUNK CREEK WATERCOURSE MASTER PLAN 5 8 
Tetra Tech, Inc, 



TABLE 12-5.14 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: 
RIPRAP BANK PROTECTION NET COST 

SKUNK CREEK WATERCOURSE MASTER PLAN 59 
Tetra Tech, Inc. 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 
System Total 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 
Ironwood Reach 
Hackberry Reach 
Wash Total 

ALTERNATIVE 
TOTAL 

IMPACTS 

MEDIUM 
VALUE 

HABITAT 

0 
1 
6 
I 
8 

0 
I 
2 
1 
4 

12 

(ACRES) 

HIGH 
VALUE 

HABITAT 

0 
0 
10 
3 
13 

1 
4 
3 
8 
16 

29 

LEVEE 
CONSTRUCTION 

COST 

$2,362,333 
$1,741,825 
$8,181,581 
$1,666,107 
$1 3,951,846 

$1,273,465 
$1,405,947 
$3,137,302 
$2,178,895 
$7,995,609 

$21,947,455 

TOTAL 

0 
1 
16 
4 
21 

1 
5 
5 
9 
20 

42 

ESTIMATE 

RECLAIMED 
LAND 

BENEFIT 

$4,308,113 
$3,440,850 
$5,158,013 
$862,350 

$13,769,325 

$1,152,555 
$2,825,040 
$3,255,713 
$1 ,I 02,590 
$8,335,898 

$22,105,223 

FILL 
CONSTRUCTION 

COST 

$2,898,741 
$2,472,714 
$8,196,546 
$1,556,856 
$1 5,124,857 

$1,327,460 
$1,787,470 
$3,138,593 
$1,946,010 
$8,199,533 

$23,324,390 

LEVEE NET 
COST 

-$I ,945,780 
-$I ,699,025 
$3,023,569 
$803,757 
$182,521 

$120,910 
-$I ,419,093 
-$I 18,411 
$1,076,305 
-$340,289 

-$I 57,768 

NET COST 

LAND 
PURCHASE 

COST 

$0 
$0 
$0 
$0 
$0 

$0 
$0 
$0 
$0 
$0 

$0 

FILL NET 
COST 

-$I ,409,372 
-$968,136 
$3,038,534 
$694,506 

$1,355,532 

$174,905 
-$I ,037,570 
-$I 17,120 
$843,420 
-$I 36,365 

$1,219,168 



TABLE 12-5.15 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: 
GABION MATTRESS BANK PROTECTION NET COST 

SKUNK CREEK WATERCOURSE MASTER PLAN 60 

Main Stem Reach 
Ironwood Reach 
Hackberry Reach 
Wash Total 

ALTERNATIVE 
TOTAL 

Tetra Tech, Inc. 

$1,197,167 
$2,711,497 
$1,868,970 
$6,993,599 

$19,917,751 

$1,603,350 
$2,765,543 
$1,673,220 
$7,319,588 

$21,526,990 

$0 
$0 
$0 
$0 

$0 

$2,825,040 
$3,255,713 
$1,102,590 
$8,335,898 

$22,105,223 

-$I ,627,873 
-$544,216 
$766,380 
-$I ,342,299 

-$2,187,472 

-$I ,221,690 
-$490,170 
$570,630 

-$I ,016,310 

$578,233 

1 
2 
1 
4 

12 

4 
3 
8 
16 

29 

5 
5 
9 
20 

42 



TABLE 12-5.16 PHASE 1 - FULL-STRUCTURAL ALTERNATIVE: CSA BANK PROTECTION NET COST 

SKUNK CREEK WATERCOURSE MASTER PLAN 61 
Tetra Tech, Inc. 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 
System Total 

SONORAN WASH 
Sandy Reach 
Main Stem Reach 
Ironwood Reach 
Hackberry Reach 
Wash Total 

ALTERNATIVE 
TOTAL 

IMPACTS 

MEDIUM 
VALUE 

HABITAT 

0 
1 
6 
1 
8 

0 
1 
2 
1 
4 

12 

(ACRES) 

HIGH 
VALUE 

HABITAT 

0 
0 
10 
3 
13 

1 
4 
3 
8 
16 

29 

LEVEE 
CONSTRUCTION 

COST 

$2,286,648 
$1,692,345 
$5,299,556 
$1,242,427 
$1 0,520,976 

$1,374,790 
$1,357,912 
$2,758,332 
$1,901,405 
$7,392,439 

$1 7,913,415 

TOTAL 

0 
1 
16 
4 
21 

1 
5 
5 
9 
20 

42 

FILL NET 
COST 

-$I ,475,652 
-$I ,013,406 
$419,639 
$320,786 

41,748,633 

$262,985 
-$I ,079,935 
-$449,050 
$599,230 
4666,770 

-$2,415,403 

RECLAIMED 
LAND 

BENEFIT 

$4,308,113 
$3,440,850 
$5,158,013 
$862,350 

$13,769,325 

$1 ,I 52,555 
$2,825,040 
$3,255,713 
$1 ,I 02,590 
$8,335,898 

$22,105,223 

NET 

FILL 
CONSTRUCTION 

COST 

$2,832,461 
$2,427,444 
$5,577,651 
$1,183,136 
$1 2,020,692 

$1,415,540 
$1,745,105 
$2,806,663 
$1,701,820 
$7,669,128 

$1 9,689,820 

LEVEE NET 
COST 

-$2,021,465 
-$I ,748,505 

$141,544 
$380,077 

-$3,248,349 

$222,235 
-$I ,467,128 
-$497,381 
$798,815 
4943,459 

-$4,191,808 

COST ESTIMATE 

LAND 
PURCHASE 

COST 

$0 
$0 
$0 
$0 
$0 

$0 
$0 
$0 
$0 
$0 

$0 



TABLE 12-5.17 PHASE 1 - TEAM ALTERNATIVE: RIPRAP BANK PROTECTION NET COST 

SKUNK CREEK WATERCOURSE MASTER PLAN 62 
Tetra Tech, Inc. 



TABLE 12-5.18 PHASE 1 - TEAM ALTERNATIVE: GABION MATTRESS BANK PROTECTION NET COST 

SKUNK CREEK WATERCOURSE MASTER PLAN 63 
Tetra Tech, Inc. 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 

]TOTAL $2,090,735 1 $2,220,454 1 $40,995 1 $3,091,380 1 -$959,650 1 -$829,931 1 1 

IMPACTS (ACRES) NET COST ESTIMATE 

MEDIUM 
VALUE 

HABITAT 

0 
0 

HIGH 
VALUE 

HABITAT 

0 
0 

TOTAL 

0 
0 

LAND 
PURCHASE 

COST 

$0 
$0 

LEVEE 
CONSTRUCTION 

COST 

$0 
$0 

FILL NET 
COST 

-$7,058 
-$2,678 

RECLAIMED 
LAND 

BENEFIT 

$7,058 
$2,678 

Fl LL 
CONSTRUCTION 

COST 

$0 
$0 

LEVEE NET 
COST 

-$7,058 
-$2,678 



TABLE 12-5.19 PHASE 1 - TEAM ALTERNATIVE: CSA BANK PROTECTION NET COST 

SKUNK CREEK WATERCOURSE MASTER PLAN 64 
Tetra Tech, Inc. 

SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 
Knoll Reach 
System Total 

SONORAN WASH 
Sandy Reach 

Main Stem Reach 
Ironwood Reach 
Hackberry Reach 
Wash Total 

ALTERNATIVE 
TOTAL 

MEDIUM 
VALUE 

HABITAT 

0 
0 
0 
0 
0 

0 

0 
1 
0 
1 

1 

IMPACTS (ACRES 

HIGH 
VALUE 

HABITAT 

0 
0 
3 
1 
4 

0 

0 
0 
2 
2 

6 

FlLL NET 
COST 

-$7,058 
-$2,678 
$64,871 
-$62,505 
47,369 

$720 

-$258,258 
-$212,493 
-$74,393 
-$544,423 

-$551,792 

TOTAL 

0 
0 
3 
1 
4 

0 

0 
1 
2 
3 

7 

LEVEE 
CONSTRUCTION 

COST 

$0 
$0 

$644,919 
$0 

$644,919 

$218,316 

$1,069,169 
$504,264 

$0 
$1,791,749 

$2,436,668 

RECLAIMED 
LAND 

BENEFIT 

$7,058 
$2,678 

$497,535 
$62,505 
$569,775 

$185,715 

$1,441,695 
$81 9,803 
$74,393 

$2,521,605 

$3,091,380 

LEVEE NET 
COST 

-$7,058 
42,678 

$147,384 
-$62,505 
$75,144 

$32,601 

-$372,526 
-$274,544 
-$74,393 
-$688,861 

$61  3,717 

NET 

FILL 
CONSTRUCTION 

COST 

$0 
$0 

$562,406 
$0 

$562,406 

$1 86,435 

$1,183,437 
$566,315 

$0 
$1,936,187 

$2,498,593 

COST ESTIMATE 

LAND 
PURCHASE 

COST 

$0 
$0 
$0 
$0 
$0 

$0 

$0 
$40,995 

$0 
$40,995 

$40,995 



TABLE 12-5.20 PHASE 1 - NONSTRUCTURAL ALTERNATIVE NET COST 
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SKUNK CREEK 
Braided Reach 
Greasewood Reach 
Cutbank Reach 

NET COST ESTIMATE 

Ironwood Reach 
Hackberry Reach 
Wash Total 

PLTERNATIVE TOTAL 

IMPACTS (ACRES) 

TOTAL 
CONSTRUCTION 

COST 

$0 
$0 
$0 

$0 
$0 
$0 

$0 

TOTAL 

0 
0 
0 

LAND 
PURCHASE 

COST 

$2,562,600 
$564,510 

$1,372,320 

RECLAIMED 
LAND 

BENEFIT 

$0 
$0 
$0 

MEDIUM 
VALUE 

HABITAT 

0 
0 
0 

NET COST 

$2,562,600 
$564,510 

$1,372,320 

HIGH 
VALUE 

HABITAT 

0 
0 
0 

$1,636,740 
$905,213 

$3,591,675 

$8,481,615 

$0 
$0 
$0 

$0 

$1,636,740 
$905,213 

$3,591,675 

$8,481,615 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 



TABLE 12-5.21 PHASE 1 - STAKEHOLDERS ALTERNATIVE: RIPRAP BANK PROTECTION NET COST 

ALTERNATIVE 
TOTAL $1 0,600,160 $1 1,349,956 $247,178 $9,750,428 $1,096,910 $1,846,706 6 8 14 
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TABLE 12-5.22 PHASE 1 - STAKEHOLDERS ALTERNATM: 
GABION MATTRESS BANK PROTECTION NET COST 
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TABLE 12-5.23 PHASE 1 - STAKEHOLDERS ALTERNATIVE: CSA BANK PROTECTION NET COST 

LTERNATIVE T O T A ~  $8,561,154 1 $9,532,376 1 $247,178 1'$9,750,428 1 -$942,096 1 $29,126 1 6 1 8 1 14 



12-58 Phase 1 Summary of Results 

Table 12-5.24 below summarizes the total net costs and impacts for all alternatives and 
bank protection options considered for the entire Phase 1 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, regardless of whether levee or fill is used. Due to the large amount of 
reclaimed land, it has the lowest total net cost at an estimated $-4.2M for levees with 
CSA bank protection. However, this alternative has the highest amount of wildlife 
habitat impacts with 42 acres. In terms of least wildlife habitat impacts, the 
Nonstructural Alternative would be the alternative of choice since it impacts "zero" of 
these acres. However, this alternative has the highest total net cost at $8.5M, which 
represents the cost of land purchases. The next section of this report will describe the 
criteria and process used to evaluate the four alternatives and identify the recommended 
alternative. 

TABLE 12-5.24 PHASE 1 - COMPARISON OF NET COSTS AND IMPACTS (Levee/Fill) 

Riprap Gabion Mattress CSA 
($Millions) ($Millions) ($Mllhons) 

Full-Structural Alternative -0.211.2 -2.21-0.6 -4.21-2.4 
Team Alternative -0.8/-0.7 -0.91-0.8 -0.61-0.5 

* Cost is for land purchases. 

Impacts 
- (Acres) 

42 
7 

Nonstructural Alternative 
Stakeholders Alternative 
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L 

8.5" 
-0,9/<0.1 

8.5" 
1.111.8 

0 
14 

8.5" 
-0.310.3 



12-6 PHASE 1 EVALUATION OF ALTERNATIVES 

12-6.1 Criteria and Procedure 

The evaluation of the proposed watercourse management alternatives was accomplished 
by measuring how successfbl 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 2; Social/Environmental Impacts, weighted a 1; and Economic Impacts 
weighted a 2. The weighting factor represents the "relative importance" of each criterion 
in the evaluation process. 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 25. The evaluation criteria and weights of importance are listed in Table 12-6.1. 

TABLE 12-6.1 PHASE 1 - CRITERIA & WEIGHTING FACTORS FOR EVALUATION OF 
WATERCOURSE MANAGEMENT ALTERNATIVES 

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

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 a standard to which all 
other alternatives are compared. 

Maximum 

Possible Score * 
10 

5 

10 

25 

Evaluation Criteria 

Public safety 

Social/Environmental 

Economic 

Each element is defined and the rating range is described. A benchmark rating is then 
assigned to the Full-Structural Alternative, and the other three alternatives are typically 

Weighting Factor 

(0-10) 

2 

1 

2 
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measured against the Full-Structural Alternative and rated accordingly. All elements are 
weighted equally and given a rating between one (1) and five (5). The ratings are 
averaged then multiplied by the criterion weight to determine the criterion score. Finally, 
the three criterion scores are added to provide the total alternative score. 

12-6.2 Elements and Ratings 

The three evaluation criteria and the elements associated with each are described in detail 
below. Each element description includes an explanation of how the alternatives were 
measured, followed by the actual rating assigned to each alternative. The higher the 
rating, the more effective an alternative is at satisfying the element. 

12-6.2.1 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 importance. 

Cumulative Encroachment Impacts. 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 Skunk 
Creek watershed 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. Refer to Attachment 3 for the results of 
alternative testing for cumulative impacts. 

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 ) ,  and an 
increase of 10 percent or greater is rated a one (1). 

The Full-Structural Alternative produced a 11.2 and 12.4 percent increase in 100-year 
peak discharge at the downstream Phase 1 study limit for Skunk Creek and Sonoran 
Wash, respectively. Consequently, the alternative was given a rating of one (1) for both 
Skunk Creek and Sonoran Wash. The Stakeholders Alternative produced a 9.3 and 11.2 
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percent increase in 100-year peak discharge at the downstream study limit for Skunk and 
Sonoran Washes, respectively. This alternative was given a rating of two (2) for Skunk 
and a one (1) for Sonoran Wash. The Team Alternative produced a 1.9 and 2.0 percent 
increase in 100-year peak discharge at the downstream study limit for Skunk and Sonoran 
Washes, respectively. The alternative was given a rating of four (4) for both Skunk and 
Sonoran Wash. The Nonstructural Alternative does not encroach upon the FEMA 100- 
year floodplain, therefore, it is rated a five (5) for both watercourses. 

Localized Erosion Impacts. Because the proposed levee encroachments into the FEMA 
100-year floodplain may begin andlor 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 begidend levee locations, 
referred to as terminals. The additional erosion could potentially undermine the proposed 
bank protection and cause it to fail. The risk of this occurring is assumed to be 
proportional to the number of levee terminals associated with a given alternative. The 
more terminals, the greater the risk for this type of failure to occur, and the less effective 
the alternative. Alternatives that include frequent bank protection terminals are rated a 
one (I), while alternatives with no bank protection terminals are rated a five (5). 

The Full-Structural Alternative contains continuous leveehank protection where it 
encroaches to the FEMA 100-year floodway limit. Consequently, it contains relatively 
few terminals (4) and is rated a four (4) for Skunk Creek. However, due to the numerous 
breaks in bank protection needed to allow small tributaries to enter Sonoran Wash, it 
contains 14 terminals. Therefore, the alternative was only rated a one (1) for that wash. 

The Stakeholders and Team Alternatives contain more discontinuous sections of bank 
protection along Skunk Creek (6 each) than the Full-Structural Alternative. 
Consequently, both alternatives are rated a three (3). There are fewer terminals along 
Sonoran Wash for the Stakeholders alternative, compared to the Full-Structural 
Alternative (10 vs. 14), respectively. Yet, relative to Skunk Creek the number is higher 
(10 vs. 6). Therefore, the Stakeholder Alternative is rated a two (2) for the Sonoran 
Wash. The number of terminals in the Team Alternative for Sonoran Wash is the same 
as for Skunk Creek (6). Consequently, it is also rated a three (3). The Nonstructural 
Alternative contains no bank protection, therefore, it is rated a five (5) for both Skunk 
Creek and Sonoran Wash 

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 FEMA 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 
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maximize the degree of encroachment are rated a one (I), while alternatives with no 
encroachment into the 100-year floodplain are rated a five (5). 

The Full-Structural Alternative contains continuous bank protection and encroaches to 
the FEMA 100-year floodway limit along both watercourses in the Phase 1 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 
two (2) for both the Skunk Creek and Sonoran Wash watercourse systems. 

Since the Stakeholder Alternative contains less bank protection/levees and a lesser degree 
of encroachment along the watercourses than the Full-Structural Alternative, it is rated a 
three (3) for both the Skunk Creek and Sonoran Wash watercourse systems. The Team 
Alternative contains similar amounts of bank protection, and levees as the Stakeholders, 
however, the degree of encroachment along the watercourses is less than the Stakeholder 
Alternative. Therefore, it is rated a four (4) for both the Skunk Creek and Sonoran Wash 
watercourse systems. 

The Nonstructural Alternative does not encroach upon the FEMA 100-yearfloodplain on 
any of the watercourses within the study area; therefore, it is rated a five (5 )  for both the 
Skunk Creek and Sonoran 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 (I), 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 
the watercourses in the study area. However, the FEMA 100-yearfloodway could be 
narrower, so greater encroachment is possible. Based on these characteristics, the Full- 
Structural Alternative is rated a two (2) for both the Skunk Creek and Sonoran Wash 
watercourse systems. 

Since the Stakeholders Alternative contains fewer levees and a lesser degree of 
encroachment along the watercourses than the Full-Structural Alternative, it is rated a 
three (3) for both the Skunk Creek and Sonoran Wash watercourse systems. The Team 
Alternative contains relatively the same amount of bank protection, however, the degree 
of encroachment is less. Therefore, it is rated a four (4) for both the Skunk Creek and 
Sonoran Wash watercourse systems. 
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The Nonstructural Alternative does not encroach upon the FEMA 100-yearfloodplain on 
either of the watercourses within the study area, therefore, it is rated a five (5) for both 
the Skunk Creek and Sonoran 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 
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-yearflood 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 Skunk Creek and the Sonoran 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 
33 percent of the total floodplain area of Skunk Creek and approximately 43 percent of 
the total floodplain area of the Sonoran Wash Watercourse system. For the Stakeholders 
Alternative, the values were approximately 10 percent and 30 percent, respectively, and 
for the Team Alternative, the values were approximately 1.5 percent and 13 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. 

Because 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 Skunk Creek and Sonoran Wash (33 and 43 percent, 
respectively), this alternative was rated a two (2) for both watercourse systems. 

The amount of floodplain reclaimed by the Stakeholders Alternative is less than that for 
the Full-Structural Alternative. Therefore, this alternative was rated a three (3) for both 
systems. The amount of floodplain reclaimed by the Team Alternative is less than that 
for the Stakeholders Alternative. Consequently, the alternative was rated a four (4) for 
both Skunk Creek and Sonoran Wash. Since there is no encroachment associated with 
the Nonstructural Alternative, it was rated a five (5) for both Skunk Creek and Sonoran 
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 (I), 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 23,150 feet of levee along Skunk 
Creek and approximately 23,350 feet of levee along the Sonoran Wash system. Since 
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more encroachment and, therefore, more levees than proposed is possible, the alternative 
was given a rating of two (2) for both watercourses. 

The Stakeholders Alternative contains approximately 5,150 feet of levee along Skunk 
Creek and approximately 14,350 feet of levee along the Sonoran Wash system. 
Consequently, the alternative was given a rating of four (4) for Skunk Creek and three (3) 
for Sonoran Wash. 

The Team Alternative contains only approximately 5,000 feet of levee along Skunk 
Creek and approximately 10,600 feet of levee along the Sonoran Wash system. 
Accordingly, this alternative was given a rating of four (4) for Skunk Creek and three (3) 
for Sonoran Wash. 

Since there is no encroachment associated with the Nonstructural Alternative, no levees 
are proposed and the alternative was rated a five (5) for both Skunk Creek and Sonoran 
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 with a non- 
encroachment area that 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 
both watercourses in the Phase 1 study area. However, the FEMA 100-year Jloodway 
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 Skunk Creek and Sonoran Wash watercourse systems. 

The proposed encroachment into the floodplain by the Stakeholders Alternative is, in 
general, both less severe and less frequent than the Full-Structural Alternative, but greater 
than the Team Alternative. For this reason, the Team Alternative is rated a three (3) for 
both the Skunk Creek and Sonoran Wash watercourse systems. 

The proposed encroachment into the floodplain by the Team Alternative is both less 
severe and less frequent than the Stakeholder Alternative, but greater than the 
Nonstructural Alternative. For this reason, the Team Alternative is rated a four (4) for 
both the Skunk Creek and Sonoran Wash watercourse systems. 

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

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 
(including both banks) occupied by levees for each alternative. An alternative with no 
obstruction to access would be rated a five ( 9 ,  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 56 
percent of the Skunk Creek channel and 66 percent of the Sonoran Wash system. 
Consequently, this alternative was given a relative rating of three (3) for Skunk Creek 
and two (2) for Sonoran Wash. 

For the Stakeholders Alternative, access is obstructed along approximately 13 percent of 
the Skunk Creek channel and 41 percent of the Sonoran Wash system. Therefore, this 
alternative was given a relative rating of four (4) for Skunk Creek and three (3) for 
Sonoran Wash. 

For the Team Alternative, access is obstructed along approximately 12 percent of the 
Skunk Creek channel and 30 percent of the Sonoran Wash system. Accordingly, this 
alternative was given a relative rating of four (4) for both the Skunk Creek and the 
Sonoran Wash systems. 

Since the Nonstructural Alternative contains no man-made obstructions to access, the 
alternative was given a rating of five (5) for both the Skunk Creek and Sonoran Wash 
systems. 
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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 elrists 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 considered worst-case and would receive a rating of one (1). 

The Full-Structural Alternative is not fully channelized; however, it provides 
approximately 38,590 feet of bank protection along Skunk Creek and approximately 
33,310 feet of bank protection along the Sonoran Wash system. Consequently, the 
alternative was given relative ratings of two (2) for both watercourses. 

The Stakeholders Alternative provides approximately 1 1,850 feet of bank protection 
along Skunk Creek and approximately 21,150 feet of bank protection along the Sonoran 
Wash system. This alternative was rated a four (4) and three (3), respectively. 

The Team Alternative provides approximately 8,300 feet of bank protection along Skunk 
Creek and approximately 1 1,100 feet of bank protection along the Sonoran Wash system. 
This alternative was rated a four (4) for both watercourses. 

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 Skunk 
Creek and Sonoran Wash systems. 

The ratings for the public safety criterion are summarized on Table 12-6.2, which 
follows. 
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TABLE 12-6.2 PHASE 1 - RATINGS FOR PUBLIC SAFETY CRITERION 

Evaluation Criteria Full-Structural Stakeholders Team Nonstructural 

(1) (2) (3) (4) (5) 
Skunk Creek 

Cumulative encroachment impacts 1 2 4 5 

Local erosion impacts 4 3 3 5 

Hydrologic modeling uncertainty 2 3 4 5 
Hydraulic modeling uncertainty 2 3 4 5 
Development opportunity 2 3 4 5 

Risk of failure 2 4 4 5 

Flood events greater than design storm 2 3 4 4 
Flood events less than design storm 5 5 5 5 
Emergency response 3 4 4 5 
Incidental use 2 4 4 4 

Average Rating for Skunk Creek: 2.5 3.4 4.0 4.8 

Sonoran Wash 
Cumulative encroachment impacts 1 1 4 5 

Local erosion impacts 1 2 3 5 
Hydrologic modeling uncertainty 2 3 4 5 
Hydraulic modeling uncertainty 2 3 4 5 

Development opportunity 2 3 4 5 

Risk of failure 2 3 3 5 
Flood events greater than design storm 2 3 4 4 

ppp 
- - 

Flood events less than design storm 5 5 5 5 
Emergency response 2 3 4 5 

Incidental use 2 3 4 4 

Average Rating for Sonoran Wash: 2.1 2.9 3.9 4.8 

The evaluation of the Social/Environmental criterion is based on the effectiveness of each 
alternative in satisfying the six (6) elements described below. By consensus of the 
consultant team and representatives of the Flood Control District, each element is of 
equal importance. 

Community Acceptance. This element accounts for the input received from the public 
involvement process and the fact that a significant portion of the Phase 1 study area is 
located 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 nonstructural 
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 nonstructural alternatives, 
preservation of natural hydrologic functions, and ecosystem restoration. 

The specific input from the public involvement process ranged from a strong desire to 
preserve the watercourses and their associated habitat to a strong desire to maximize the 
area that can be reclaimed from the FEMA 100-year floodplain for development. This 
range of attitudes is understandable given the mix of private and public lands in Phase 1. 
Approximately 62 percent of the land in Phase 1 is publicly owned. 

The effectiveness of the alternatives in meeting community acceptance is measured by 
evaluating each alternative against the following four criteria: 

Honor the Phoenix Sonoran Preserve Master Plan on public lands 
Allow encroachment into the FEMA 100-year floodplain on private land 
Minimize the threat to public safety, and 
Minimize adverse environmental impacts (i.e., loss of open space and wildlife 
habitat). 

An alternative that violates either of the first two criteria is rated a one (I), and since no 
alternative can fully satisfy all the criteria, the highest rating given for this element is a 
four (4). The threat to public safety is measured by the cumulative encroachment 
element of the public safety criterion, while the adverse environmental impact 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 
Nonstructural Alternative. As the degree of encroachment increases, so does the 
potential adverse impact on the environment and the threat to public safety. 
Consequently, an alternative with a relatively high degree of encroachment over a long 
reach of watercourse is rated a two (2), while an alternative with a relatively low degree 
of encroachment over a short reach of watercourse is rated a four (4). 

The Full-Structural Alternative violates the Sonoran Preserve Master Plan criteria by 
allowing encroachment on public lands, therefore, it is rated a one (1) for both Skunk 
Creek and Sonoran Wash. The Nonstructural Alternative violates the criteria by not 
allowing encroachment into the FEMA 100-year floodplain on private lands, therefore, it 
is also rated a one (I) for both Skunk Creek and Sonoran Wash. The Stakeholders and 
Team Alternatives both honor the Sonoran Preserve Master Plan on public lands and 
allow encroachment on private lands. The Stakeholders Alternative allows encroachment 
to the FEMA floodway boundary, while the Team Alternative allows encroachment to 
the Lateral Migration Erosion Hazard Zone boundary. 
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The Stakeholders Alternative preserves approximately 81 percent of the study area in the 
Skunk Creek corridor and approximately 60 percent in the Sonoran Wash system - good 
percentages. However, at the same time, it increases the 100-year discharge at the CAP 
Canal by 9.7 percent for Skunk Creek and 11.2 percent for the Sonoran Wash system. 
The Team Alternative preserves approximately 89 percent of the study area in the Skunk 
Creek corridor and approximately 74 percent in the Sonoran Wash system. It increases 
the 100-year discharge at the CAP Canal by only 2.4 percent for Skunk Creek and 2.0 
percent for the Sonoran Wash. 

From the above data, it is can be seen that the Team Alternative preserves more open 
space and wildlife habitat than the Stakeholders Alternative, and it increases the 100-year 
discharge significantly less than the Stakeholders Alternative for both Skunk Creek and 
the Sonoran Wash. Consequently, the Team Alternative is rated a four (4), while the 
Stakeholder Alternative is rated a three ( 3 )  for both watercourses. 

Complexity of Environmental Permitting. This element 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 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). 
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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 Skunk Creek 
and Sonoran Wash systems. 

The Stakeholders 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 Skunk Creek and Sonoran Wash systems. 

The Team Alternative contains less bank protection than the Stakeholders Alternative 
and, therefore, less disruption to the area within the Waters of the U.S. As a result, this 
alternative was rated a four (4) for both the Skunk Creek and Sonoran Wash systems. 



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

Impact on Wildlife Habitat. This element 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 Skunk Creek and Sonoran 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 only approximately 25 percent of the 
existing medium- and high-quality habitat in the Skunk Creek corridor and approximately 
25 percent in the Sonoran 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 Skunk Creek and a three (3) for Sonoran Wash. 

The Stakeholders Alternative potentially impacts approximately 4.3 percent of the 
existing medium- and high-quality habitat in the Skunk Creek corridor and approximately 
7.5 percent in the Sonoran Wash corridor. Since this is similar to the area impacted by 
the Full-Structural Alternative on Skunk Creek, the alternative is rated a four (4) for both 
the Skunk Creek and Sonoran Wash. 

The Team Alternative potentially impacts approximately 2.2 percent of the existing 
medium- and high-quality habitat in the Skunk Creek corridor and approximately 3.8 
percent in the Sonoran Wash corridor. Since this is very similar to the area impacted by 
the Stakeholders Alternative, the alternative is also rated a four (4) for both the Skunk 
Creek and Sonoran Wash. 

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 Skunk Creek and Sonoran 
Wash systems. 

Visual Resource and Aesthetic Compatibility. This element 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. 

SKUNK CREEK WATERCOURSE MASTER PLAN R 1 

Tetra Tech, Inc. 



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 two (2) for both the Skunk Creek and Sonoran 
Wash systems. 

The Stakeholders 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 three (3) for both the Skunk 
Creek and Sonoran Wash systems. The Team Alternative contains less bank protection 
and fewer levees when compared to the Stakeholders Alternative. Therefore, the 
alternative results in less visual contrast. For this reason, the alternative is rated a four (4) 
for both the Skunk Creek and Sonoran Wash systems. 

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

Multi-use Opportunities. This element 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 
trailslpathways, their compatibility with other potential recreation facilities in terms of 
access, and the 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 
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) .  
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As stated previously, the Full-Structural Alternative includes the construction of levees 
along approximately 56 percent of the banks on Skunk Creek and 66 percent of the banks 
on Sonoran Wash. 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 three (3) for Skunk Creek and a two (2) for 
Sonoran Wash. 

The Stakeholders Alternative contains less length of levees when compared to the Full- 
Structural Alternative. Under this alternative, however, Skunk Creek contains less than 
half the length of levee, measured as a percent of the total bank length (13% vs. 41%), 
when compared to Sonoran Wash. To account for this, the alternative is rated a four (4) 
for Skunk Creek and a three (3) for the Sonoran Wash system. 

The Team Alternative contains less length of levees than the Stakeholders Alternative 
both from an absoIute measure and as a percent of channel banks. Accordingly, the 
alternative is rated a four (4) for both Skunk Creek and the Sonoran Wash. 

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 Skunk Creek and the Sonoran Wash systems. 

Impact on Cultural Resources. This element accounts for the potential impact on cultural 
resources by a given alternative. It is also an indicator of how well the alternative; 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 Skunk Creek and 
Sonoran 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 (I), while an alternative 
that impacts none of the known cultural resources would be 

A cultural resource survey was conducted by Scientific Archeological Services for the 
Flood Control District (Rodgers, 1999). One site was found north of Sonoran Wash, 
adjacent to the Ironwood Reach, but outside the study limits. Since existing sites are 
outside the Phase 1 study area for both watercourses, this element was not included in the 
ratings. 

The ratings for the social/environrnental criterion are summarized on Table 12-6.3 which 
follows. 
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TABLE 12-6.3 PHASE 1 - RATINGS FOR SOCIAL/ENVIRONMENTAL CRITERION 

12-6.2.3 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. Again, by consensus of the 
consultant team and representatives of the Flood Control District, each element is of 
equal importance. 

Nonstructural 

(5)  

Evaluation Criteria 

(1) 

Implementation Cost. 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 12-5. 

The economic 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 Skunk Creek or the Sonoran Wash system is rated a five ( 9 ,  
while the alternative with the highest net cost is rated a one (1). The costs associated with 
the levee option were used to establish the ratings. The derivation of these costs is 
described in Section 12-5 of this attachment. 

Full- 
Structural 

(2) 
Skunk Creek 
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Stakeholders 

(3) 

1 
5 
5 

5 

5 

4.2 

Team 

(4) 

Community Acceptance 
Complexity of Environmental Permitting 
Impact on Wildlife Habitat 
Visual Resource and Aesthetic Compatibility 
Multi-Use Opportunities 

Average Rating for Skunk Creek: 

3 
3 
4 
3 
4 

3.4 

1 

2 
3 
2 
3 

2.2 

Sonoran Wash 

4 
4 

4 
4 
4 

4.0 

1 
5 
5 
5 
5 

4.2 

Community Acceptance 
Complexity of Environmental Permitting 
Impact on Wildlife Habitat 
Visual Resource and Aesthetic Compatibility 
Multi-Use Opportunities 

Average Rating for Sonoran Wash: 

1 
2 
3 
2 
2 

2.0 

3 
3 
4 
3 
3 

3.2 

4 

4 
4 
4 
4 

4.0 



For the Phase 1 Full-Structural Alternative, the CSA bank protection is the least costly 
armor type for Skunk Creek and Sonoran Wash combined. The net cost is estimated to 
be $-3.2M for Skunk Creek and $-0.9M for Sonoran Wash. Accordingly, the alternative 
was rated a five (5) for Skunk Creek and a four (4) for Sonoran Wash. 

For the Stakeholders Alternative, CSA bank protection offers the least costly armor type 
for Skunk Creek and Sonoran Wash combined. The net cost is estimated to be $-0.3M 
for Skunk Creek and $-0.6M for Sonoran Wash. The alternative was rated a four (4) for 
both watercourses. 

For the Team Alternative, Gabion mattress bank protection also offers the least costly 
armor type for Skunk Creek and Sonoran Wash combined. The net cost is estimated to 
be less than $O.lM for Skunk Creek and $-0.9M for the Sonoran Wash system. The 
alternative was rated a four (4) for both watercourses. 

For the Nonstructural Alternative, the net cost for land is estimated to be $4.9M for 
Skunk Creek and $3.6M for the Sonoran Wash system. The alternative was rated a one 
(1) for both watercourses. 

Maintenance Cost. This element 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 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 38,590 lineal feet 
of bank protection for Skunk Creek and approximately 33,310 lineal feet for the Sonoran 
Wash system. Therefore, the alternative was rated a two (2) for both Skunk Creek and 
the Sonoran Wash. 

The Stakeholders Alternative calls for approximately 11,850 lineal feet of bank 
protection for Skunk Creek and approximately 21,150 lineal feet for the Sonoran Wash 
system. This alternative was rated a four (4) and a three (3), respectively. 

The Team Alternative calls for approximately 8,300 lineal feet of bank protection for 
Skunk Creek and approximately 1 1,100 lineal feet for the Sonoran Wash system. This 
alternative was rated a four (4) for both Skunk Creek and the Sonoran Wash. 

Since there is no bank protection associated with the Nonstructural Alternative for either 
Skunk Creek or the Sonoran Wash system, the alternative was rated a five (5) for both. 

e The ratings for the economic criterion are summarized on Table 12-6.4 which follows. 
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TABLE 12-6.4 PHASE 1 - RATINGS FOR ECONOMIC CRITERION 

Evaluation Criteria Full- Stakeholders Team Nonstructural 
Structural Alternative 

(1) (2) (3) (4) (5) 
Skunk Creek 

Implementation Cost 5 4 4 1 

Maintenance Cost 2 4 4 5 

Average Rating for Skunk Creek: 3.5 4.0 4.0 3.0 

Sonoran Wash 
Implementation Cost 4 4 4 I 
Maintenance Cost 2 3 4 5 

Average Rating for Sonoran Wash: 3.0 3.5 4.0 3.0 

12-6.3 Phase I Summary of Results 

The scoring results for each Phase 1 alternative are summarized for Skunk Creek and Sonoran 

Wash in Table 12-6.5. 

SKUNK CREEK WATERCOURSE MASTER PLAN 86 
Tetra Tech, Inc. 



TABLE 12-6.5 PHASE 1 - SUMMARY OF ALTERNATIVE SCORING FOR 
SKUNK CREEK AND SONORAN WASH 

Table 12-6.5 PHASE 1, SUMMARY OF SCORING FOR SKUNK CREEK AND SONORAN WASH ALTERNATIVES 
Evaluation Criteria Weighting Full-Structural Stakeholders Alternative Team Nonstructural 

Factor Rating Score* Rating Score* Rating Score* Rating Score* 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

I SKUNK CREEK 

Public Safety Criterion 2 2.5 5.0 3.4 6.8 4.0 8.0 4.8 9.6 
Economic Criterion 2 .3.5 7.0 4.0 8.0 4.0 8.0 3.0 6.0 
Social and Environmental Criterion 1 2.2 2.2 3.4 3.4 4.0 4.0 4.2 4.2 

Total Scores for Skunk Creek: - --- 14.2 - 18.2 -- 20.0 -- 19.8 

SONORAN WASH 

Public Safety Criterion 2 2.1 4.2 2.9 5.8 3.9 7.8 4.8 9.6 
Economic Criterion 2 3.0 6.0 3.5 7.0 4.0 8.0 3.0 6.0 
Social and Environmental Criterion 1 2.0 2.0 3.2 3.2 4.0 4.0 4.2 4.2 

Total Scores for Sonoran Wash System: - - 12.2 -- 16.0 -- 19.8 -- 19.8 

I WATERCOURSE MASTER PLAN, PHASE 1 I 
Public Safety Criterion --- --- 9.2 --- 12.6 --- 15.8 --- 19.2 
Economic Criterion --- --- 13.0 --- 15.0 --- 16.0 --- 12.0 
Social and Environmental Criterion --- --- 4.4 --- 6.6 --- 8.0 --- 8.4 

Watercourse Master Plan Total Scores : --- -- 26.4 --- 34.2 -- 39.8 -- 39.6 
* Score =Weighting Factor x Rating Factor 
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@ 12-64 Recommended WCMP Management Alternative for Phase 1 

The recommended management plan for Phase 1 of the Skunk Creek WCMP is the Team 
Alternative. The Team Alternative achieved a total score of 39.8, as compared to scores 
of 26.6, 34.2, and 39.6 for the Full-Structural, Stakeholders, and Nonstructural 
Alternatives, respectively. This alternative achieved a total score of 20 and 19.8 out of a 
possible 25 points for Skunk Creek and Sonoran Wash, respectively. Although the 
margin is small over the Nonstructural Alternative, the Team Alternative is the most 
successful at meeting the WCMP goals. Key factors supporting the selection of the Team 
Alternative are that it allows use of private land within the FEMA 100-year floodplain 
without compromising public safety, and it also meets the corresponding goals of the 
Sonoran Preserve Master Plan. 

A significant amount of State land within the nun-encroachment area of the Team 
Alternative is within the land slated for purchase under the Arizona Preserve Initiative 
(API). However, the 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, therefore, recommended 
that the State land within the non-encroachment area of the Team Alternative be 
designated a high priority for acquisition under the API. Successful implementation of 
the Team Alternative is contingent upon the acquisition, or if land acquisition is not 
feasible, the regulatory control of the non-encroachment area through such methods as 
zoning and density transfers. 
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12-7 CITY OF PHOENIX'S ALTERNATIVE ANALYSIS REPORT 

The City of Phoenix conducted its own analysis of the alternatives developed during this 
Watercourse Master Plan Study. The City staff evaluated the four alternatives described 
within this report, as well as one additional alternative referred to as the "Environmental 
Alternative," using slightly different criteria and methodologies. The Environmental 
Alternative is the same as the Nonstructural Alternative, except the non-encroachment 
boundary has been extended beyond that of the Nonstructural Alternative in several areas 
where the City staff believed notable natural resources (both wildlife and vegetation) 
justified such action. Based on the results of their analysis, the City staff recommended 
that the Team Alternative, as described within this report, be implemented through a 
zoning district, as described in Attachment 11. The Environmental Alternative is 
recommended for implementation on a policy basis. The City would not require that the 
area within the Environmental Alternative and outside the Team Alternative be left 
natural. Instead, the City intends to negotiate with the property owner on a case-by-case 
basis, to, leave these areas as open space in exchange for density transfers of other 
development regulation concessions. The City's analysis is summarized in the report, 
"Skunk Creek Water Course Master Plan, Alternatives Analysis," published on May 16, 
2000, and included as Appendix F to this report. 
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12-8 SKUNK CREEK AT THE CAP CANAL 

Several issues were identified while conducting the Phase 1, two-dimensional hydraulic 
analysis on the confluence area of Skunk Creek and Sonoran Wash, which is transected 
by the Central Arizona Project (CAP) Canal, (Reference Attachment 7 for details on the 
2-D analysis.) The issues are: 

Approximately 77,000 acre-feet of runoff crosses Interstate 17 to the west, just 
upstream of the CAP Canal, under existing conditions. The peak rate of this breakout 
flow is approximately 6,400 cfs. It is anticipated that this breakout flow would 
overwhelm the canal and move southward through a residential area that is currently 
under construction, but not identified as being in a floodplain. 
A breakout flow to the east of Sonoran Wash, upstream of the CAP Canal, was also 
identified under existing conditions. The peak rate of this breakout is estimated to be 
approximately 100 cfs. 
Breakout flow also occurs to the west, downstream of the canal and upstream of the 
Corp's of Engineers' levee. However, due to lack of downstream mapping, the flow 
volume, rate, and distribution could not be estimated. 
If the flow is contained within levees upstream of the CAP, it will again break out to 
the west, downstream of the canal, bypassing the inlet structure to the Corps' 
levee/channelization project. In addition, some flow may bypass the Corps' levee, 
east of the inlet structure. This is a concern for the Standard Project Flood (SPF), as 
well as for the 100-year event, since the Corps levee/channelization project was 
intended to capture and convey the SPF to the Adobe Dam impoundment area. 

It is anticipated that a structural solution will be required to prevent these breakout flows 
from occurring. However, further investigation to identify consequences, causes, and 
possible solutions to these breakouts is beyond the scope of the master plan study. Due 
to the complexity of the two-dimensional flow and the potential cost of not taking action 
(flood damage), it is highly recommended that an independent study be undertaken to 
identify the causes of the breakouts and possible solutions for preventing them. An in- 
depth study to accomplish this should include the following tasks: 

Data Collection. Collect and review pertinent data from the District and other outside 
sources. Data to be collected shall include previous flood hazard reports and 
hydrology for the study area; existing topographic mapping; historical flooding 
information; as-built plans for existing structures; FEMA Flood Hazard Boundary 
Maps and any Letters of Map Amendment and/or Revisions, and other pertinent 
information. 
Topographic Mapping. Prepare new topographic mapping as required to supplement 
the existing mapping available from the District. Mapping and surveying are to be 
according to the District's latest guidelines. 
Existing Condition Modeling. Delineate the 100-year floodplain west of I- 17 
resulting from the Skunk Creek breakout using two-dimensional hydraulic modeling 
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methods and interface the results with the two-dimensional model prepared as a part 
of the WCMP in Attachment 7. 
Prepare, analyze and evaluate alternative solutions to include: 

1. Widen the CAP Overchutes. Widen the CAP overchutes in the model so that 
all of the flow during a 100-year flood is forced down Skunk Creek and 
establish how wide they need to be. 

2. Extend the existing Levee System. Extend the levee system in the model 
along the banks of Skunk Creek to keep all of the 100-year, 24-hour peak 
discharge within the limits of the existing and proposed levee system. 
Establish the extent and size of these additional levees. 

Predevelopment Condition Model. Investigate historical data and establish a 
predevelopment condition model to show the conditions of Skunk Creek prior to 
development within the study area, including construction of the CAP Canal. 
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12-9 PHASE 2 FORMULATION OF ALTERNATIVES 

As stated previously, the master plan study is divided into two phases. Phase 2 is 
upstream of the Carefree Highway and Phase 1 is downstream. In Phase 2, the Skunk 
Creek watercourse was divided into seven reaches for detailed evaluation and analysis. 
The reaches were selected based on a combination of similar hydraulic, geomorphic, 
biological, and landscape characteristics. Starting at Carefree Highway and proceeding 
upstream, they are: the Carefree Reach, the Skunk Tank Reach, the Cobbled Bank Reach, 
the Rodger Creek Reach, the Cline Creek Reach, the Shangri-La Reach, and the New 
River Road Reach. The names selected reflect a dominating feature or characteristic 
within the reach. For example, the Cobbled Bank Reach reflects the heavy cobble that 
occupies the primary banks of the creek, while the Cline Creek Reach reflects the 
confluence of the two waterways. The reaches are presented on Figure 12-9.1, along 
with the Erosion Hazard Zones, defined by the Lateral Stability Analysis (re: Attachment 
6), and the Regulatory Line. 

The alternatives were formulated through a combination of consultation and meetings 
with the Flood Control District, a planning retreat, and input from the public through a 
public meeting process. The alternatives considered ranged from a totally natural, 
undisturbed watercourse, to a full traditional approach with encroachmknt to the FEMA 
100-yearfloodway limit. Reclamation and re-vegetation of the areas disturbed by human 
activities were considered for all alternatives. The selection criteria developed for the 
alternatives is as follows: 

A traditional armored levee with encroachment into the FEMA 100-yearfloodplain 
and full development of the FEMA 100-year 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 FEMA 
100-year floodway fi-inge area. This alternative is to minimize cumulative impacts 
resulting from encroachment. 

12-9.1 Selected Alternatives 

After receiving input from the Flood Control District and the affected public, a Full- 
Structural Alternative, a Low-Impact Alternative, and a Nonstructural Alternative were 
selected for more detailed study. An overview of each selected alternative follows. 



Honda Bow Rd. 
(Alignment) 

i 

[ t Rockaway Hills Rd. 

i (Alignment) 

i 
I 1 

Figure 12-9.1 Erosion Hazard Zones Map 



12-9. I .  1 Full-Structural Alternative 

The Full-Structural Alternative reflects the traditional approach to floodplain 
management that allows encroachment to the regulatory floodway, as defined by 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 12-9.2 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 
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:l side slopes are 
recommended. The channel side of the levee is provided with bank protection to prevent 
erosion and channel migration. Refer to Figure 12-2.3 for a typical section of the 
proposed levee. 

The primary advantage of the Full-Structural Alternative is that it maximizes the amount 
of land available for development in the current FEMA 100-yearfloodway fringe area. 
The primary disadvantages are that it does so at a high construction cost and risk to the 
public because of the resulting higher velocity water moving through the watercourse, 
excessive cumulative impacts, and the potential for structural failure. The finished 
product typically has an unnatural appearance and function, and results in significant 
disturbance of riparian habitat and cultural features. 
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12-9.1.2 Low-Impact Structural Alternative 

The Low-Impact Structural Alternative contains both encroachments into the FEMA 100- 
yearfloodway fringe and areas that are left in their natural state. Where encroachments 
into the FEMA 100-year 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 6 of the WCMP Report for a full 
discussion on the development of the Lateral Migration Erosion Hazard Zone.) The 
proposed setback distance is defined by the non-encroachment limits shown in Figure 12- 
9.3 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 proposed. If the Lateral-Migration Erosion 
Hazard Zone boundary is close to the Floodway boundary, the same full-depth bank 
protection used for the Full-Structural Alternatives is proposed. 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 12-2.5 for a typical 
section of the proposed Minimum and Maximum-Depth Bank Protection. 

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 watercourse. The alternative defines the minimum 
area the watercourses need to function naturally over a 60-year period. In addition, the 
alternative does not produce significant cumulative impacts within a reach or upstream or 
downstream of the study limits. 

12-9.1.3 Nonstructural Alternative 

As the name implies, the Nonstructural Alternative contains no structural flood control 
features in the floodplain. This alternative effectively leaves the study watercourses in 
their natural (albeit existing) state and controls the allowable encroachment for 
development through the implementation of a regulatory setback distance. The setback 
distance is 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 6 of the WCMP Report for a full discussion on the development 
of the Long-Term Erosion Hazard Zone.) The proposed setback distance is defined by 
the non-encroachment limits shown in Figure 12-9.4 for this alternative. 
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Figure 12-9.3 Low-Impact Structural Alternative: Non-encroachment Area 
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Figure 12-9.4 Nonstructural Alternative: Non-encroachment Area 



Advan tages/Disadvan tages 

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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12-10 PHASE 2 NON-ENCROACHMENT AREAS 

The proposed non-encroachment areas, which are illustrated in Figures 12-9.2, 12-9.3, 
and 12-9.4 for the Full-Structural, Low-Impact 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 is addressed separately. 
The exceptions are identified by watercourse and reach, and are described in detail. 

12-1 0.1 Full-Structural Alternative 

As previously discussed, the encroachment limit for the Full-Structural Alternative 
generally follows the FEMA 100-year floodway boundary. There are no exceptions to 
this criterion in Phase 2. The non-encroachment area for the Full-Structural Alternative 
is shown on Figure 12-9.2. 

Table 12-10.1 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 area reclaimed inside the regulatory line), and the area of the Severe Erosion 
Hazard Zone. a TABLE 12-10.1 PHASE 2 - FULL-STRUCTURAL ALTERNATIVE: Summary of Areas 
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Reclaimed 
Land (acres) 

26.8 
85.8 
30.7 
94.7 
47.8 
48.4 
109.0 

443.1 

FEMA 100- 
Year 

Floodplain 
(acres) 

122.0 
216.9 
100.9 
334.2 
131.5 
73.9 
151.3 

11 30.6 

SKUNK CREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled Bank Reach 
Rodger Creek Reach 
Cline Creek Reach 
Shangri La Reach 
New River Road Reach 

ALTERNATIVE TOTAL 

Non- 
Encroachment 
Area (acres) 

102.8 
141.5 
75.0 

236.9 
76.3 
29.6 
44.1 

706.2 

FEMA 100- 
Year 

Floodway 
(acres) 

102.9 
141.5 
75.0 

238.9 
99.2 
31.3 
37.7 

726.4 

Severe 
Erosion 

Hazard Zone 
(acres) 

78.4 
150.0 
65.8 
175.8 
73.9 
54.8 
51.7 

650.4 



12-1 0.2 Low-Impact Structural Alternative 

As previously discussed, the encroachment limit for the Low-Impact Structural 
Alternative generally follows the Lateral-Migration Erosion Hazard Zone boundary. 
However, there is one general exception to this criterion. When the Lateral Migration 
Erosion Hazard Zone boundary is inside the FEMA 100-year floodway boundary, the 
encroachment limit is moved out to the floodway boundary, since FEMA regulations do 
not allow encroachment into the floodway. The non-encroachment area for the Low- 
Impact Structural Alternative, reflecting the general criteria described above, is shown on 
Figure 12-9.3. Other exceptions to the above criteria are described below by reach 
beginning at the Carefree Highway. 

Table 12-10.2 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, and the area of the Lateral-Migration 
Erosion Hazard Zone. 

12-1 0.2.1 Carefree Reach 

The Tramonto residential community is currently under construction along both banks of 
Skunk Creek in this reach. The west overbank area upstream of the Carefree Highway 
Bridge has been removed from the floodplain through the construction of a levee with 
bank protection. However, the Lateral Migration Erosion Hazard Zone boundary is 
outside the existing levee for a distance of approximately 800 feet, immediately upstream 
of the bridge. The City of Phoenix has accepted the in-place bank protection armor as 
sufficient to prevent the existing levee from being undermined by scour. Since the 
existing levee is inside the Lateral Migration Erosion Hazard Zone boundary over this 
800 feet, the non-encroachment limit has been moved inward to the 100-year floodplain 
boundary. 

On the east overbank area, the FEMA 100-year floodplain boundary has also been 
adjusted to reflect the improvements being constructed. Most of the area that could be 
reclaimed between the FEMA 100-year floodplain and the lateral migration boundary is 
small and likely would not justify the cost of maximum-depth bank protection. For this 
reason, the non-encroachment limit for this alternative is located at the Lateral Migration 
Erosion Hazard Zone boundary or the FEMA 100-year floodplain, whichever is farther 
from the main channel. An exception to this, however, is the area immediately upstream 
of the Carefree Highway. At this location minimum-depth bank protection could be used 
to reclaim area from the floodplain. Therefore, the non-encroachment limit remains at 
the Lateral Migration Erosion Hazard Zone boundary for a distance of approximately 400 
feet upstream of the highway. 
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12-1 0.22 Rodger Creek Reach 

The Anthem residential community is currently under construction within the Rodger 
Creek Reach. The Developer does not plan to encroach upon the FEMA 100-year 
floodplain on either side of the creek. For this reason, the non-encroachment limit within 
the Anthem property has been set 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 sides of the creek. 

TABLE 12-10.2 PHASE 2 - LOW-IMPACT ALTERNATIVE: SUMMARY OF AREAS 

12-1 0.3 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 12-9.4. 

At several locations, the FEMA 100-year jloodplain extends beyond the Long-Term 
Erosion Hazard Zone boundary. Typically the amount is small. However, 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-yearfloodplain whichever 
is farther from the main channel. This criteria is applied consistently through all reaches 
of Skunk Creek and Sonoran Wash. The resulting non-encroachment boundary also 
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 
impacted by the Full-Structural, and Low-Impact Structural Alternatives. These impacts 
will be described later in this report. 

FEMA 100- 
Year 

Floodway 
(acres) 

102.9 
141.5 
75.0 

238.9 
99.2 
31.3 
37.7 

726.4 

SKUNKCREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled ~ a n k  Reach 
Rodger Creek Reach 
Cline Creek Reach 
Shangri La Reach 
New River Road Reach 

ALTERNATIVE TOTAL 

Table 12-10.3 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, 

Lateral-Migration 
Erosion Hazard Zone 

(acres) 

120.6 
191.3 
84.2 

286.9 
102.5 
68.7 
1 18.3 

972.5 

FEMA 100-Year 
Floodplain (acres) 

122.0 
216.9 
100.9 
334.2 
131.5 
73.9 
151.3 

11 30.6 

Non- 
Encroachment 
Area (acres) 

118.6 
192.6 
93.5 
303.4 
110.7 
68.7 
124.9 

1012.5 
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Reclaimed 
Land 

(acres) 

11.0 
34.7 
12.3 
27.8 
15.0 
9.3 
28.1 

138.1 



the land area reclaimed from the regulatory area, and the area of the Long-Term Erosion 
Hazard Zone. 

TABLE 12-10.3 PHASE 2 - NONSTRUCTURAL ALTERNATIVE: 
SUMMARY OF AREAS 
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Long-Term 
Erosion Hazard 
Zone (acres) 

162.1 
31 7.2 
124.8 
386.0 
135.7 
104.8 
173.9 

1404.4 

Reclaimed 
Land 

(acres) 

0 
0 
0 
0 
0 
0 
0 

0 

FEMA 100- 
Year Floodplain 

(acres) 

122.0 
216.9 
100.9 
334.2 
131.5 
73.9 
151.3 

1130.6 

SKUNK CREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled Bank Reach 
Rodger Creek Reach 
Cline Creek Reach 
Shangri La Reach 
New River Road Reach 

ALTERNATIVE TOTAL 

FEMA 100- 
Year Floodway 

(acres) 

102.9 
141.5 
75.0 
238.9 
99.2 
31.3 
37.7 

726.4 

Non- 
Encroachment 
Area (acres) 

161.2 
31 7.2 
124.8 
388.6 
137.9 
104.8 
174.0 

1408.5 



PHASE 2 CONCEPTUAL DESIGN ANALYSES 

The methodologies, criteria, and base data used for the Phase 2 conceptual design 
analyses are the same as those used in Phase 1. In addition, the same bank protection 
armor options, i.e., cement stabilized alluvium (CSA), gabion mattresses, and riprap, 
were evaluated for Phase 2. The results of the scour and armor analyses conducted for 
the bank protection designs are summarized in the following sections. Example hand 
computations that demonstrate the analytical methods used are contained in Appendix A. 

Table 12-11.1 summarizes the total scour estimates by reach for the Full-Structural 
Alternative. The Full-Structural Alternative is the only alternative in Phase 2 that 
incorporates maximum-depth toe-down for bank protection. The minimum scour depths 
estimated for the study area range from 3.0-3.5 feet. The maximum scour depths range 
from 6.5 to 11.0 feet. Detailed summary tables containing the analysis results for each 
scour component, cross-section-by-cross-section, are provided in Appendix A. 

TABLE 12-11.1 PHASE 2 - FULL-STRUCTURAL ALTERNATIVE: 
SUMMARY OF TOTAL SCOUR DEPTHS 

Table 12-11.2 summarizes the total scour estimates by reach for the Low-Impact 
Structural Alternative. The minimum scour depths estimated for the study area range 
from 3.0-3.9 feet. The maximum scour depths range from 4.7 to 11.2 feet. 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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Weighted Average 
Scour Depth (ft) 

5.5 
4.6 
4.5 
5.5 
8.5 
4.5 
9.5 

Maximum Scour Depth 
(ft) 

6.7 
7.7 
6.5 
11.0 
8.5 
6.8 
9.5 

SKUNK CREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled Bank Reach 
Rodger Creek Reach 
Cline Creek Reach 
Shangri La Reach 
New River Road Reach 

Minimum Scour Depth 
(ft) 

3.1 
3.0 
3.0 
3.2 
3.5 
3.0 
3.0 



TABLE 12-11.2 PHASE 2 - LOW-IMPACT STRUCTURAL ALTERNATIVE: 
SUMMARY OF TOTAL SCOUR DEPTHS 

12-11.2 Summary of Armor Analyses 

Full-Structural Alternative 

Weighted Average 
Scour Depth (ft) 

5.4 
4.5 
4.7 
5.2 
- 5.6 

Tables 12-1 1.3 and 12-1 1.4 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 4.0 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. 

Maximum Scour 
Depth (ft) 

6.7 
7.3 
7.2 
11.2 
8.1 

SKUNK CREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled Bank Reach 
Rodger Creek Reach 
Cline Creek Reach 

TABLE 12-1 1.3 PHASE 2 - FULL-STRUCTURAL ALTERNATIVE: 
RIPRAP THICKNESS REQUIREMENTS 

Minimum Scour 
Depth 

3.1 
3.0 
3.0 
3.0 
3.9 

Shangri La Reach 
New River Road Reach 
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3.0 
3.0 

Minimum Riprap 
Thickness (ft) 

4.0 
5.5 
4.5 
6.5 
6.0 
5.0 
4.5 

4.7 
6.1 

1.5 * Maximum 
D5o (ft) 

3.9 
5.1 
4.1 
6.2 
6.0 
4.8 
4.5 

3.7 
3.8 

Maximum D50 (ft) 

2.6 
3.4 
2.7 
4.1 
4.0 
3.2 
3.0 

SKUNK CREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled Bank Reach 
Rodger Creek Reach 
Cline Creek Reach 
Shangri La Reach 
New River Road Reach 

Minimum D50 (ft) 

0.8 
0.8 
1 .O 
1 .I 
1 .I 
0.9 
0.4 



TABLE 12-11.4 PHASE 2 - FULL-STRUCTURAL ALTERNATIVE: 
GABION MATTRESS THICKNESS REQUIREMENTS 

Low-Impact Structural Alternative 

Tables 12-1 1.5 and 12-1 1.6 summarize the results of the armor analyses for the riprap and 
gabion mattress options, by reach, for the Low-Impact Structural Alternative. The minimum 
thickness of riprap protection ranges from 3.0 to 6.0 feet for the study area, while the minimum 
thickness of gabion maffress ranges from 18 to 36 inches. Detailed summary tables containing 
the analysis results cross-section-by-cross-section are provided in Appendix A. 

SKUNK CREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled Bank Reach 
Rodger Creek Reach 
Cline Creek Reach 
Shangri La Reach 
New River Road Reach 
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213 * Maximum 
DS0 (in) 

20.5 
26.9 
21.4 
32.8 
31.7 
25.8 
23.8 

Maximum D,, 
(ft) 

2.6 
3.4 
2.7 
4.1 
4.0 
3.2 
3.0 

Gabion Mattress 
Thickness (in) 

21 
27 
24 
36 
36 
2 7 
24 

213 * Maximum 
D50 (ft) 

1.7 
2.2 
1.8 
2.7 
2.6 
2.2 
2.0 



TABLE 12-11.5 PHASE 2 - LOW-IMPACT ALTERNATIVE: 
RIPRAP THICKNESS REQUIREMENTS 

TABLE 12-1 1.6 PHASE 2 - LOW-IMPACT ALTERNATIVE: 
GABION MATTRESS THICKNESS REQUIREMENTS 

SKUNK CREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled Bank Reach 
Rodger Creek Reach 
Cline Creek Reach 
Shangri La Reach 
New River Road Reach 
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Maximum DsO (ft) 

2.6 
3.2 
2.7 
3.9 
3.6 
2.0 
3.0 

~ i n i m u 8  DbD (ft) 

0.6 
0.8 
1 .O 
0.8 
0.8 
0.8 
0.2 

Gabion Mattress 
Thickness (in) 

24 
27 
24 
36 
30 
18 
24 

SKUNK CREEK 
Carefree Reach 
Skunk Tank Reach 
Cobbled Bank Reach 
Rodger Creek Reach 
Cline Creek Reach 
Shangri La Reach 
New River Road Reach 

1.5 * Maximum 
D50 (ff) 

3.9 
4.8 
4.1 
5.9 
5.4 
3.0 
4.5 

Minimum Riprap 
Thickness (ft) 

4.0 
5.0 
4.5 
6.0 
5.5 
3.0 
4.5 

Maximum D 5 ~  (ft) 

2.6 
3.2 
2.7 
3.9 
3.6 
2.0 
3.0 

213 * Maximum 
D50 (ff) 

1.8 
2.1 
1.8 
2.6 
2.4 
1.3 
2.0 

213 * Maximum DS0 
(in) 

21 .I 
25.6 
21.2 
31.2 
28.8 
15.8 
23.8 



12-12 PHASE 2 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 12-9) for each alternative. Again, additional 
analyses will be required before a final design can be completed for any of the structural 
features presented herein. For example, the levee 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 levees or abrasion of the 
structure surface will also be required. The conceptual bank protection design does not 
identify a minimum toe-down depth, nor does it account for the effects of local scour 
associated with any future bridge crossings. 

The proposed conceptual design for each alternative is described in detail for a typical 
reach of Skunk Creek, Phase 2. The location of levees for the remaining reaches is 
depicted using a large-scale figure and references to the type of bank protection proposed 
(minimum- vs. maximum-depth). Bank protection on levee or fill are proposed across the 
mouth of tributaries. Also, bank protection already exists along the west bank of the 
Carefree Reach and no bank protection is required along the upper 2000 feet of the east 
bank of this reach because the floodway is coincident with the floodplain, the terrain is 
very steep, and the soils are erosion resistant. 

As in Phase 1, each alternative is quantified in terms of construction costs, land costs, 
benefits, and potential impacts for the full length of each watercourse. 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 and amount 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 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 in Phase 2 are the same as those used in Phase 1. The 
quantities of levee embankment, excavation, and bank protection armor were estimated 
using the average-end-area method. 

12-1 2.1 Full-Structural Alternative 

A general depiction of the location and extent of the bank protection required to make the 
encroachments, whether associated with levees or fill, is provided on Figure 12-12.1. 
With one exception, all bank protection associated with this alternative is maximum- 
depth, as defined by the scour analyses described earlier. The exception is located alon a the east bank, within the Cobbled Bank Reach, between Desert Hills Drive and 19' 
Avenue. At this location, the Lateral Migration Erosion Hazard Zone boundary is well 
inside the FEMA 100-year floodway boundary. This indicates the overbank material at 
the floodway boundary is relatively erosion resistant. Therefore, minimum-depth bank 
protection is proposed along this length of channel. Channel access ramps are proposed 

SKUNK CREEK WATERCOURSE MASTER PLAN 108 
Tetra Tech, Inc. 



for maintenance purposes at approximately 2000-foot intervals, as requested by the Flood 
Control District. 

A detailed description of the proposed features associated with the Phase 2 Full- 
Structural Alternative for the Skunk Tank Reach is provided below. Because the features 
are virtually identical throughout the study area, only one reach is described in detail for 
each watercourse. The description begins at the downstream end of the reach and 
proceeds upstream. 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 100-year floodway is very close to the floodplain 
boundary. 

Detailed concept drawings of the proposed structural features in the reach described 
below are included as Appendix E for this alternative. As requested by the District, the 
drawings present plan views and typical sections for the proposed features. The station 
numbers referenced in the following text are taken from those concept drawings. 

Skunk Tank Reach 

To make the desired encroachment along the western floodway boundary, a continuous 
levee with maximum-depth bank protection is necessary through the reach. The same is 
proposed along the eastern floodway boundary from about Station 167+00 to the 
upstream reach boundary. A breik in the bank protection is required to allow Skunk 
Tank Wash to enter Skunk Creek fiom the east. 

Table 12-12.1 summarizes the estimated quantities and costs for bank protection, 
excavation, levee embankment, by armor type, for the full length of Skunk Creek, Phase 
2. A breakdown of the total costs for Skunk Creek, Phase 2, by reach, can be found in 
Appendix D. 
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Figure 12- 12. I FullmStructurul Alternative: Proposed Bunk Protection 



12-12.2 Low-Impact Structural Alternative 

A general depiction of the location and extent of the bank protection needed for the 
prescribed encroachments, whether associated with levees or fill, is provided on Figure 
12-12.2. When the encroachment is at or near the floodway boundary, maximum-depth 
(i.e., full-depth toe-down below thalweg) bank protection is proposed. When the 
encroachment is away from the floodway boundary (shallower depths, lower velocities), 
minimum-depth (three-foot toe-down below existing ground) bank protection is proposed. 

Skunk Creek Phase 2 is unique in that a major portion of the private property along the 
creek, between Joy Ranch Road and Desert Hills Drive, and north of Honda Bow Road 
consists of small parcels in the five to 10 acre size-range. Through the public 
involvement process, many of these landowners have expressed a desire to sub-divide 
their property into one-acre parcels. Because of the large number of individual property 
owners along the creek, it is highly unlikely that any long continuous levee/bank 
protection project, such as that implemented by the Tramonto developer, would be 
undertaken using private funds. For the Low-Impact Structural Alternative, therefore, it 
is assumed and recommended that encroachments into the FEMA 100-year floodway 
fiinge be accomplished using fill, protected by suitable riprap armor or stem-walls to the 
appropriate depth, to construct building pads for future buildings. The building pads 
need to be built at least one foot above the FEMA 100-year water-surface elevation. To 
evaluate the hydrological impacts associated with the Low-Impact Structural Alternative, 
it was assumed that such piecemeal construction would eventually produce a quasi- 
continuous encroachment to the Lateral Migration Erosion Hazard Zone boundary. 

Because it is impractical to predict the location of the future building pads, the costs 
associated with the alternative were computed by assuming a 2500 square foot building 
pad would be constructed of earthen embankment on each acre of the above parcels. It 
was also assumed that the building pads would be an average of four feet deep, built on 
2:l slopes, and protected by 6-inch, riprap, one foot thick. The riprap would extend 
from the top of the pad to three feet below existing grade to guard against undermining. 
The unit cost of each pad has been estimated to be $7500 per acre. This unit cost was 
used to estimate the cost of implementing the Low-Impact Structural Alternative within 
the areas described above. The total cost of the building pads was determined by 
applying the unit cost to the area of land that could be reclaimed from floodplain. 

As can be seen in Figure 12-12.2, only minimum-depth bank protection is recommended 
to make the Low-Impact encroachments into the FEMA 100-year floodplain for the 
remaining portions of Phase 2. 
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A detailed description of the proposed structural features needed to make the desired 
encroachments along the Skunk Tank Reach for the Phase 2 Low-Impact Structural 
Alternative is provided below. Because the features are virtually identical throughout the 
study area, only one reach is described in detail for each watercourse. The description 
begins at the downstream end of the reach and proceeds upstream. 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 100-year 
floodway is very close to the floodplain boundary. 

Detailed concept drawings of the proposed structural features in the reach described 
below are included as Appendix E. As requested by the District, the drawings present 
plan views and typical sections for the proposed features. The station numbers 
referenced in the following text are taken from those concept drawings. 

Skunk Tank Reach 

On the west side of the watercourse, individual building pads are proposed from the 
downstream end of the reach to Station 177 and from Station 2 18 to the upstream end of 
the reach. Public land extends from Station 177 to 218. Accordingly, levees or fill with 
minimum-depth bank protection is proposed to make the prescribed encroachments from 
Stations 171 to 180, 190 to 198, and 201 to 214. On the east side of the watercourse, 
individual building pads are proposed from Station 224 to the upstream end of the reach. 
No other encroachments are proposed. 

Table 12-12.2 summarizes the approximate quantities and costs for bank protection, 
excavation, and levee embankment construction required, by armor type, as well as 
building pad construction for the full length of Skunk Creek, Phase 2. A breakdown of 
the costs for each reach can be found in Appendix D. 

12-1 2.3 Nonstructural Alternative 

As the name implies, there are no structural features associated with the Nonstructural 
Alternative for Phase 2 of the study. 

12-12.4 Summary of Construction Costs 

From inspecting Tables 12-12.1 and 12-12.2, 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 long, such as for the Full-Structural Alternative, CSA is the most 
economical armor to use. However, as the length of required bank protection is reduced, 
riprap and Gabion mattresses become competitive. Both riprap and Gabion mattress 
protection are more economical than CSA for the Low-Impact Alternative. 

SKUNK CREEK WATERCOURSE MASTER PLAN 113 
Tetra Tech, Inc. 



Since a basic assumption of the master plan study is that all 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. 

12-1 2.4.1 Full-Structural Alternative 

Table 12-12.1 summarizes the approximate total construction costs, by armor type, for 
bank protection, excavation, and levee embankment or fill construction for the Phase 2, 
Full-Structural Alternative. Sufficient length of bank protection is required in this 
alternative to make CSA the most economical armor option at an estimated cost of 
$20.8M. 

12-1 2.4.2 Low-Impact Structural Alternative 

Table 12-12.2 summarize the approximate total construction costs, by armor type, for 
bank protection, excavation, and levee embankment or fill construction for the Phase 2, 
Low-Impact Structural Alternative. The length of bank protection required in this 
alternative makes gabion mattresses the most economical armor option at an estimated 
cost of $1.9M. 

12-12.4.3 Nonstructural Alternative 

There are no construction costs associated with the Nonstructural Alternative. 
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TABLE 12-12.1 PHASE 2 - FULL-STRUCTURAL ALTERNATIVE: 
CONSTRUCTION COSTS 
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- -  

Borrow Total (yd3) 

CSA Total (yd3) 
CSA Cement Total (tons) 
Total Cost 

$5 

$1 5 
$100 

278,871 

266,058 
37,714 

$1,394,355 

$3,990,870 
$3,771,400 
$9,931,685 

327,995 

283,052 
40,125 

$1,639,975 

$4,245,780 
$4,012,500 
$10,912,617 

606,866 

549,110 
77,839 

$3,034,330 

$8,236,650 
$7,783,900 
$20,844,302 



TABLE 12-12.2 PHASE 2 - LOW-IMPACT ALTERNATIVE: 
CONSTRUCTION COSTS 

I I I Left Bank 1 I Right Bank 1 1 Total I 
l tern 
Riprap Revetment 

Excavation Total (yd3) 

Borrow Total (yd3) 

Riprap Total (yd3) 

Private Land Bank Protection 
($/Acre*Acres) 
Total Cost 
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CSA Revetment 

Excavation Total (yd3) 

Borrow Total (yd3) 

CSA Total (yd3) 
CSA Cement Total (tons) 

Private Land Bank Protection 
($/Acre*Acres) 
Total Cost 

Unit Price 

$3 

$5 

$35 

$7,500 

$3 

$5 

$30 
$100 

$7,500 

Quantity 
(yd3) 

5,777 

6,293 

38,845 

85 

5,777 

6,293 

31,270 
4,432 

$85 

Left Bank 
Cost 

$1 7,331 

$31,465 

$1,359,575 

$635,546 
$2,043,917 

$17,331 

$31,465 

$938,100 
$443,200 

$635,546 
$2,065,642 

Quantity 
(yd3) 

71 7 

752 

2,824 

71 7 

752 

2,841 
403 

Right Bank 
Cost 

$2,151 

$3,760 

$98,840 

$1 04,751 

$2,151 

$3,760 

$85,230 
$40,300 

$1 31,441 

Quantity 
(yd3) 

6,494 

7,045 

-_ 41,669 

Total Cost 

$19,482 

$35,225 

$1,458,415 

$2,148,668 

- 

6,494 

7,045 

34,111 
4,835 

-- 

$19,482 

$35,225 

$1,023,330 
$483,500 

$2,197,083 



12-12.5 Summary of Land Costs, Benefits, and Impacts 

A land cost is defined as property that must be purchased to implement a given 
alternative. 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 given alternative, is considered a benefit. Land outside the 
"Regulatoiy Line," but inside the nun-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 $40,000 
per acre is used to make the estimates in Phase 2. 

Impacts are defined as areas of medium- and high-value wildlife habitat that would be 
potentially lost or disrupted by development. The degree of impact to wildlife habitat 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 Low Impact 
Structural Alternative represents the total impact area for the Low-Impact Structural 
Alternative. The same approach is applied for the Full-Structural and the Nonstructural 
Alternatives. The total impact areas are comprised of low-, medium-, and high-value 
habitat. 

12-1 2.5.1 Full-Structural Alternative 

Table 12-12.3 summarizes the land costs, land benefits, and acres of wildlife habitat 
impacted, by reach, for the Full-Structural Alternative. The costs represent land to be 
purchased. The benefits represent land reclaimed fiom the regulatory area. 
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TABLE 12-12.3 PHASE 2 - FULL STRUCTURAL ALTERNATIVE: 
LAND COSTS, BENEFITS AND IMPACTS 

ALTERNATIVE TOTAL 1 443.2 1 $1 7,723,092 1 0 $0 ( $17,723,092 1 99 178 

Land Cost = $40,000 per acre 

12-12.5.2 Low-Impact Structural Alternative a Table 12-12.4 summarizes the land costs, land benefits, and acres of wildlife habitat 
impacted, by reach, for the Low-Impact Structural Alternative. The costs represent land 
to be purchased. The benefits represent land reclaimed from the regulatory area. 

TABLE 12-12.4 PHASE 2 - LOW-IMPACT STRUCTURAL ALTERNATIVE: 
LAND COSTS, BENEFITS AND IMPACTS 

Land Cost = $40,000 per acre 
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12-12S.3 Nonstructural Alternative 

To allow a study watercourse to be sustained in its natural state, the non-encroachment 
limit for this alternative is located adjacent to the Long-Term Erosion Hazard Zone 
boundary or the FEMA 100-yearfloodplain 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 inside the non-encroachment area. The estimated cost associated with the acquisition 
of these properties is summarized by reach in Table 12-12.5 below. There are no 
impacts or reclaimed lands associated with this alternative. 

TABLE 12-12.5 PHASE 2 - NONSTRUCTURAL ALTERNATIVE: 
LAND COSTS, BENEFITS, AND IMPACTS 

ALTERNATIVE TOTAL I 0 $0 1 260.3 ~$10,408,188~$10,408,188~ 0 I 0 I 0 

Land Cost = $40,000 per acre 
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In terms of land cost and benefits, the Full-Structural Alternative (using levees or fill) is 
the most economical based on both absolute and net land costs. However, this economy 
is gained at the expense of 178 acres of wildlife habitat. In terms of impact to wildlife 
habitat, the Nonstructural Alternative is the best choice since it impacts "zero" acres of 
this resource. 

12-12.6 Summary of Net Costs and Impacts 

Tables 12-12.6 through 12-12.12 summarize the total net costs and 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. 

12-12.6.1 FuZI-Structural Alternative 

Tables 12-12.6 through 12-12.8 contain the total net costs and resource impacts for the 
Full-Structural Alternative using riprap, gabion mattress, and CSA bank protection 
options, respectively. 

12-12.6.2 Low Impact Structural Alternative 

Tables 12-12.9 through 12-12.1 1 contain the total net costs and resource impacts for the 
Low-Impact Structural Alternative using riprap, gabion mattress, and CSA bank 
protection options, respectively. 

12-12.6.3 Nonstructural Alternative 

Table 12-12.12 contains the total net costs for the Nonstructural Alternative. Recall that 
there are no impacts with this alternative. 
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TABLE 12-12.6 PHASE 2 - FULL-STRUCTURAL ALTERNATIVE: 
RIPRAP BANK PROTECTION NET COST 

ALTERNATIVE TOTAL 1 $26,846,572 1 $0 1 $17,723,092 1 $9,123,480 1 79 1 99 1 178 

TABLE 12-12.7 PHASE 2 - FULL-STRUCTURAL ALTERNATIVE: 
GABION MATTRESS BANK PROTECTION NET COST 

 ALTERNATIVE TOTAL 1 $24,714,952 1 $0 1$17,723,092 1$6,991,8601 79 1 99 1 178 1 
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TABLE 12-12.8 PHASE 2 - FULL-STRUCTURAL ALTERNATIVE: 
CSA BANK PROTECTION NET COST 

NET COST ESTIMATE IMPACTS (ACRES) 

LAND MEDIUM HIGH 
CONSTRUCTION PURCHASE RECLAIMED VALUE VALUE 

COST COST LAND BENEFIT NET COST HABITAT HABITAT TOTAL 
(I) (2) (3) (4) (5) (6) (7)  (8) 

SKUNK CREEK 

TABLE 12-12.9 PHASE 2 - LOW-IMPACT STRUCTURAL ALTERNATIVE: 
RIPRAP BANK PROTECTION NET COST 



TABLE 12-12.10 PHASE 2 - LOW-IMPACT STRUCTURAL ALTERNATIVE: 
GABION MATTRESS BANK PROTECTION NET COST 

Private Land Bank Protection $635,546 

ALTERNATIVE TOTAL $1,918,233 $0 $5,525,028 -$3,606,795 32 56 88 

TABLE 12-12.11 PHASE 2 - LOW-IMPACT STRUCTURAL ALTERNATIVE: 
CSA BANK PROTECTION NET COST 

Private Land Bank Protection $635,546 

ALTERNATIVE TOTAL $2,197,083 $0 $5,525,028 -$3,327,945 32 56 88 , 
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TABLE 12-12.12 PHASE 2 - NONSTRUCTURAL ALTERNATIVE NET COST 
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12-12.7 Phase 2 Summary of Results 

Table 12-12.13 below summarizes the total net costs and impacts for all alternatives and 
bank protection options considered for the entire Phase 2 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 Low-Impact 
Structural Alternative, regardless of the bank protection type used. It has the lowest total 
net cost at an estimated $-3.6M when Gabion mattress bank protection is used. This 
alternative also has the second lowest amount of wildlife habitat impacts with 88 acres. 
In terms of least wildlife habitat impacts, the Nonstructural Alternative would be the 
alternative of choice since it impacts "zero" of these acres, however, this alternative has 
the highest total net cost at $10.4M. This cost represents the land purchases that would 
be required. The next section of this report will describe the criteria and process used to 
evaluate the three alternatives and identify the recommended alternative. 

TABLE 12-12.13 PHASE 2 - COMPARISON OF NET COSTS AND IMPACTS 

Riprap I 2;::s I CSA I Impacts I 
Full-Structural Alternative 

* Cost is for land purchases. 

Low-Impact Structural Alternative 
Nonstructural Alternative 
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($Millions) 
9.1 
-3.4 

10.4" 

($Millions) 
7.0 
-3.6 
10.4" 

($Millions) 
3.1 

(Acres) 
178 

-3.3 
10.4" 

8 8 
0 



PHASE 2 EVALUATION OF ALTERNATIVES 

12-13.1 Criteria and Procedure 

As in Phase 1, the evaluation of the proposed watercourse management alternatives in 
Phase 2 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 the same three, weighted 
criterion - Public Safety Impacts, weighted a 2; Social/Environmental Impacts, weighted 
a 1; and Economic Impacts, weighted a 2. The weighting factor represents the "relative 
importance" of each criterion in the evaluation process. 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. 

The evaluation criteria for Phase 2 are made up of same elements as used in Phase 1. 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 (I) to five (5) to each element, with five 
being the most effective. Because traditional floodplain management policy allows 
encroachment to the FEMA 100-yearfloodway limit, the Full-Structural Alternative was 
selected as a standard to which all other alternatives are compared. 

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. All elements are 
weighted equally and given a score between one (1) and five (5). The scores are 
averaged then multiplied by the criterion weight to determine the criterion score. Finally, 
the three criterion scores are added to provide the total alternative score. 

12-13.2 Elements and Ratings 

The three evaluation criteria and the elements associated with each are described in detail 
below. Each element description includes an explanation of how the alternatives were 
measured, followed by the actual rating assigned to each alternative. The higher the 
rating, the more effective an alternative is at satisfying the element. 

12-13.2.1 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. 
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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. By consensus of the consultant team and representatives of the 
District, all the elements under the public safety criterion were assumed to have equal 
weight. 

Cumulative Encroachment Impacts. 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 model used to estimate the runoff rate and volume from the Skunk 
Creek watershed was modified to reflect the loss of over-bank storage and rerun for the 
structural alternatives to quantify the increase in peak 100-year discharge. The greater 
the encroachment, the greater the increase in peak discharge, and the less effective the 
alternative will be at meeting the WCMP goals. Refer to Attachment 3 for the results of 
alternative testing for cumulative impacts. 

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 (S ) ,  and an 
increase of 10 percent or greater is rated a one (1). 

a The Full-Structural Alternative produced a 14.6 percent increase in 100-year peak 
discharge for Skunk Creek at the downstream limit of Phase 2. The alternative was given 
ratings of one (I), accordingly. The Low-Impact Structural Alternative produced a 4.3 
percent increase in 100-year peak discharge at the downstream limit of Phase 2 and was 
given a rating of three (3). The Nonstructural Alternative does not encroach upon the 
FEMA 100-year floodplain in Phase 2; therefore, it is rated a five (5). 

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 beginlend 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 (I), 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-yearfloodway limit. However, in Phase 2 there are frequent breaks for 
tributary inflows, especially along the east bank. Consequently, there is a relatively large 
number of levee terminals (10) and the alternative is rated a two (2) accordingly. The 
Low-Impact Structural Alternative contains fewer terminals (S), consequently, it is rated 

SKUNK CREEK WATERCOURSE MASTER PLAN 127 
Tetra Tech, Inc. 



a three (3). The Nonstructural Alternative contains no bank protection; therefore, it is 
rated a five (5). 

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 FEMA 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 (I), while alternatives with no 
encroachment into the FEMA 100-year floodplain are rated a five (5). 

The Full-Structural Alternative contains continuous bank protection and encroaches to 
the FEMA 100-year floodway limit along the full length of Skunk Creek in Phase 2. 
However, the FEMA floodway can be narrower through greater encroachment or 
channelization. Based on these characteristics, the Full-Structural AIternative is rated a 
three (3). 

Since the Low-Impact 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). The Nonstructural Alternative does not encroach upon 
the FEMA 100-yearfloodplain in Phase 2; therefore, it is rated a five (5). 

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 (I), while alternatives with no 
encroachment into the FEMA 100-year floodplain are rated a five (5). 

The Full-Structural Alternative encroaches to the FEMA 100-year floodway limit along 
the full length of Phase 2. However, the FEMA 100-yearfloodway 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). 
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Since the Low-Impact 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). The Nonstructural Alternative does not encroach upon the FEMA 100-year 
floodplain; therefore, it is rated a five (5). 

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 
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-yearflood 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. The higher the percentage, the lower the rating 
will be for a given alternative. 

The proposed encroachment for the Full-Structural Alternative reclaimed approximately 
39 percent of the total floodplain area in Phase 2. For the Low-Impact Structural 
Alternative, the value was approximately 12 percent. 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. 

Because greater encroachment is possible, the Full-Structural Alternative was not rated 
less than two (2). Since the percent of floodplain area reclaimed in Phase 2 is 39 percent, 
the alternative was rated a two (2). 

The amount of floodplain reclaimed by the Low-Impact Structural Alternative is less than 
half that of the Full-Structural Alternative (12 percent). Therefore, it was rated a four (4). 
Since there is no encroachment associated with the Nonstructural Alternative, it was rated 
a five (5). 

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 (I), 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 91,000 feet of levee and was rated 
a two (2). The Low-Impact Structural Alternative contains approximately 4,100 feet of 
levee. Therefore, it was given a rating of four (4). Since there is no encroachment 
associated with the Nonstructural Alternative, no levees are proposed and the alternative 
was rated a five (5). 

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. 
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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 jloodplain, 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-yearfloodplain at all locations would 
receive a rating of five (5). 

The Full-Structural Alternative encroaches to the FEMA 100-year jloodway limit. 
However, the FEMA 100-year jloodway does not include channelization nor reflect the 
allowable one-foot rise in water-surface in all locations. Therefore, greater encroachment 
is possible. For this reason, the Full-Structural Alternative is rated a two (2 ). 

The proposed encroachment into the floodplain by the Low-Impact Structural Alternative 
is both less severe and less frequent than the Full-Structural Alternative, but greater than 
the Nonstructural Alternative. For this reason, the Low-Impact Structural Alternative is 
rated a three (3). 

The Nonstructural Alternative does not encroach upon the FEMA 100-year jloodplain 
within the study area, however, the encroachment area does not extend beyond the FEMA 
100-yearfloodplain at all locations. Therefore, the alternative is rated a four (4). 

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).  

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 
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 80 

SKUNK CREEK WATERCOURSE MASTER PLAN 130 
Tetra Tech, Inc. 



percent of the Skunk Creek channel. Consequently, this alternative was given a relative 
rating of two (2). 

For the Low-Impact Structural Alternative, access is obstructed along approximately 4 
percent of the channel. Therefore, the alternative was given a relative rating of four (4). 
Since the Nonstructural Alternative contains no man-made obstructions to access, the 
alternative was given a rating of five (5). 

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 considered worst-case and would receive a rating of one (1). 

The Full-Structural AIternative is not fully channalized; however, it provides 
approximately 93,200 feet of bank protection along Skunk Creek in Phase 2. 
Consequently, the alternative was given a relative rating of two (2). The Low-Impact 
Structural Alternative calls for approximately 4,100 feet of bank protection, which 
represents only four (4) percent of the total bank length. Therefore, the alternative was 
rated a four (4). The Nonstructural Alternative contains no bank protection; however, 
incidental use of the washes is expected. Therefore, the alternative was also rated a four 
(4). 

The ratings for the public safety criterion are summarized on Table 12-13.1 which 
follows. 
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TABLE 12-13.1 PHASE 2 - RATING FOR PUBLIC SAFETY CRITERION 

The evaluation of the Social/Environmental criterion is based on the effectiveness of each 
alternative in satisfying the six (6) elements described below. By consensus of the 
consultant team and representatives of the Flood Control District, the elements are 
considered to have equal importance. 

Community Acceptance. This element accounts for the input received from the public 
involvement process and 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. 

Evaluation Criteria 
(1) 

The specific input from the public involvement process ranged from a strong desire to 
preserve the watercourses and their associated habitat to a strong desire to maximize the 
area that can be reclaimed from the FEMA 100-year floodplain for development. This 
range of attitudes is understandable given the mix of private and public lands in Phase 2. 
Approximately 26 percent of the land in Phase 2 is publicly owned. 

Pull-Structural 
(2)  

Low-Impact 
(3) 

The effectiveness of the alternatives in meeting community acceptance is measured by 
evaluating each alternative against the following four criteria: 

Allow encroachment into the FEMA 100-year floodplain on private land 
0 Minimize the threat to public safety, and 

Nonstructural 
(4) 

Skunk Creek 
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Cumulative encroachment impacts 
Local erosion impacts 
Hydrologic modeling uncertainty 
Hydraulic modeling uncertainty 
Development opportunity 
Risk of failure 
Flood events greater than design storm 
Flood events less than design storm 
Emergency response 
Incidental use 

Average Rating for Phase 2 Skunk Creek: 

1 

2 
3 
3 
2 
2 

2 

5 
2 
2 

2.4 

3 
3 
4 

4 
4 

4 

3 
5 
4 
4 

3.8 

5 
5 
5 
5 
5 
5 
4 
5 
5 
4 

4.8 



Minimize adverse environmental impacts (i.e., loss of open space and wildlife 
habitat). 

An alternative that does not allow encroachment into the FEMA 100-year floodplain on 
private lands is rated a one (I), and since no alternative can fully satisfy all the criteria, 
the highest rating given for this element is a four (4). The threat to public safety is 
measured by the cumulative encroachment element of the public safety criterion, while 
the adverse environmental impact 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 Nonstructural Alternative. As the degree of 
encroachment increases, so does the potential adverse impact on the environment and the 
threat to public safety. Consequently, an alternative with a relatively high degree of 
encroachment over a long reach of watercourse is rated a two (2), while an alternative 
with a relatively low degree of encroachment over a short reach of watercourse is rated a 
four (4). 

The Nonstructural Alternative does not allow encroachment into the FEMA 100-year 
floodplain on private lands; therefore, it is rated a one (1). Both the Full-Structural and 
Low-Impact Structural Alternatives allow encroachment on private lands. The Full- 
Structural Alternative allows encroachment to the FEMA 100-year floodway boundary, 
while the Low Impact Structural Alternative allows encroachment to the Lateral 
Migration Erosion Hazard Zone boundary. 

The Full-Structural Alternative preserves approximately 50 percent of the study area, but 
it increases the 100-year peak discharge at the Carefree Highway by 14.6 percent, which 
is significant from a public safety standpoint. Consequently, the alternative is rated a two 
(2). The Low-Impact Structural Alternative preserves approximately 72 percent of the 
study area and increases the 100-year discharge at the Carefree Highway by only 4.3 
percent. This is a significant improvement over the Full-Structural Alternative. 
Consequently, the Low-Impact Structural Alternative is rated a four (4). 

Complexity of Environmental Permitting. This element 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 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). 
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The Full-Structural Alternative includes the construction of levees and bank protection 
along both sides of the study reach. 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). 

The Low-Impact 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 four (4). The Nonstmctural Alternative does not contain levees or 
bank protection. Consequently, this alternative was rated a five (5). 

Impact on Wildlife Habitat. This element 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 Skunk Creek corridor. 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 33 percent of the 
existing medium- and high-quality habitat in Phase 2 of Skunk Creek. Since this 
alternative does not include channelization and the encroachment could be more severe 
than that proposed, the alternative is rated a three (3). 

The Low-Impact Structural Alternative potentially impacts approximately 16 percent of 
the existing medium- and high-quality habitat. Since this is less than half the area 
impacted by the Full-Structural Alternative, the alternative is rated a four (4). 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). 

Visual Resource and Aesthetic Compatibility. This element 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 even though only a 
small portion of Phase 2 is within the proposed Sonoran Preserve. 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 
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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 Skunk Creek in Phase 2. 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 two (2). 

The Low-Impact 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). The 
Nonstructural Alternative does not contain levees or bank protection. Consequently, it 
was rated a five (5). 

Multi-use Opportunities. This element 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 
trailslpathways, their compatibility with other potential recreation facilities in terms of 
access, and the 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 
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). 

The Low-Impact Structural Alternative contains significantly less length of levees when 
compared to the Full-Structural Alternative (4% vs. 80%). Therefore, it was rate a four 
(4). The Nonstructural Alternative proposes natural channel areas without structural 
features that would obstruct access. Consequently, this alternative was rated a five (5). 
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Impact on Cultural Resources. This element 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 number of known cultural resource sites potentially lost to development 
along the Skunk Creek corridor. The total number of cultural resource sites considered 
are those located within the non-encroachment area of the Nonstructural Alternative. An 
alternative that impacts all of the known cultural resource sites would be rated a one (I), 
while an alternative that impacts none of the known cultural resource sites would be rated 
a five (5). 

A cultural resource survey was conducted by Scientific Archeological Services for the 
Flood Control District and four small sites were found within the Phase 2 study area 
(Rodgers, 1999). Three of the sites are located in the Rodger Creek Reach and one is 
located within the Skunk Tank Reach. The three located in the Rodger Creek Reach are 
just downstream of the Saddle Mountain Road alignment. One is on the west bank, 
between the Long-Term Erosion Hazard boundary and the FEMA 100-year floodplain 
limit, and two are on the east bank. Of the two on the east bank, one is between the 
Long-Term Erosion Hazard boundary and the FEMA 100-year floodplain limit, and the 
other is between the Lateral Migration Erosion Hazard boundary and the FEMA 100-year 
floodway. 

The site within the Skunk Tank Reach is located outside the FEMA 100-year floodplain 
on the east bank, just north of Skunk Tank. The site is effectively located on the Lateral 
Migration Erosion Hazard boundary. 

All of the sites would be potentially obliterated by encroachment with the Full-Structural 
Alternative. Consequently, this alternative is rated a one (1). For the Low-Impact 
Structural Alternative, two of the Rodger Creek Reach sites would be potentially 
obliterated and, since it is located at the Lateral Migration Erosion Hazard boundary, the 
Skunk Tank Reach site would potentially be impacted by encroachment. Therefore, the 
Low-Impact Structural Alternative is rated a two (2). Since all sites could be preserved 
with the Nonstructural Alternative, it is rated a five (5). 

The ratings for the social/environmental criterion are summarized on Table 12-13.2 
which follows. 
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TABLE 12-13.2 PHASE 2 - RATING FOR SOCIALJENVIROMENTAL CRITERION 

12-1 3.2.3 Economic Criteria 

Evaluation Criteria 
(1) 

The evaluation of the econonlic criterion is based on the effectiveness of each alternative 
in satisfying two (2) elements that will be described below. By consensus of the 
consultant team and representatives of the Flood Control District, the elements are again 
considered to have equal importance. 

Implementation Cost. 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 \talue 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 12-12. 

Full-Structural 
(2) 

The economic 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 is rated a five (5 ) ,  while the alternative with the highest net cost is rated a 
one (1). The least costly armor type is used in the evaluation process. The derivation of 
these costs is described in Section 12-12 of this attachment. 

Skunk Creek 

For the Full-Structural Alternative, the net cost is estimated to be $3.1M; therefore, the 
alternative was rated a three (3). For the Low-Impact Structural Alternative, the net cost 
is estimated to be $-3.6M and the alternative was rated a five (5). For the Nonstructural 
Alternative, the net cost is estimated to be $1 0.4M. The alternative was rated a one (1). 

Low-Impact 
(3) 

Maintenance Cost. This element 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. 

Nonstructural 
(4) 

Community Acceptance 
Complexity of Environmental Permitting 
Impact on Wildlife Habitat 
Visual Resource and Aesthetic Compatibility 
Multi-Use Opportunities 
Impact on Cultural Resources 

Average Rating for Phase 2 Skunk Creek: 
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2 

3 
2 
2 
1 

2.0 

4 
4 
4 
4 
4 
2 

3.7 

1 
5 
5 
5 
5 
5 

4.3 



The greater the bank protection length, the higher the potential maintenance cost and the 
lower the rating. However, since more severe encroachment is possible, it is also 
assumed that maintenance costs can be greater than those expected for the Full-Structural 
Alternative. 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 93,200 lineal feet 
of bank protection. Therefore, the alternative was rated a two (2). The Low-Impact 
Structural Alternative calls for approximately 4,100 lineal feet of bank protection. This is 
significantly less; therefore, the alternative was rated a four (4). Since there is no bank 
protection associated with the Nonstructural Alternative, the alternative was rated a five 
(5 ) .  

The ratings for the economic criterion are summarized on Table 12-13.3, which follows. 

TABLE 12-13.3 PHASE 2 - RATING FOR ECONOMIC CRITERION 
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Evaluation Criteria 

(1) 

Full-Structural 

(2) 

Low-Impact 

(3) 

Nonstructural 

(4) 
Skunk Creek 

Implementation Cost 
Maintenance Cost 

Average Rating Phase 2 Skunk Creek: 

3 
2 

2.5 

5 
4 

4.5 

1 
5 

3.0 



12-13.3 Phase 2 Summary of Results 

The scoring results for each alternative in Phase 2 are summarized in Table 12-13.4. 

TABLE 12-13.4 PHASE 2 - SUMMARY OF SCORING FOR SKUNK CREEK 
ALTERNATIVES 

I Watercourse Master Plan, Phase 2 I 

Evaluation Criteria 

(1) 

l~ocial and Environmental Criterion 
I I I I I I I 

1 1 2.0 1 2.0 1 3.7 I 3.7 1 4.3 1 4.3 I 

Weighting 
Factor 

(2) 

Public Safety Criterion 
Economic Criterion 

hotal Scores for Phase 2 Skunk Creek: I 
I I I I I I I --- --- 1 11.8 1 --- 1 20.3 1 --- 1 19.9 1 

*score = weighting Factor x Rating Factor 

2 
2 

12-13.4 Recommended Watercourse Master Plan for Phase 2 

Full-Structural 

The recommended management plan for Phase 2 of the Skunk Creek WCMP is the Low- 
Impact Structural Alternative. The Low-Impact Structural Alternative achieved a total 
score of 20.3, as compared to scores of 11.8 and 19.9 for the Full-Structural and 
Nonstructural Alternatives, respectively. Although the margin is small over the 
Nonstructural Alternative, the Low-Impact Structural Alternative is the most successful 
at meeting the WCMP goals. A key factor supporting the selection of the Low-Impact 
Structural Alternative for Phase 2 of the study is the flexibility afforded to private 
landowners to reclaim land from the FEMA 100-year floodplain, while minimizing 
adverse impacts on the environment and the threat to public safety. Approximately 74 
percent of the land in Phase 2 is privately owned. 

Rating 

(3) 

2.4 
2.5 
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Low-Impact 
Score* 

(4) 

Rating 

(5) 

Nonstructural 

4.8 
5.0 

Score* 
(6) 

Rating 
(7) 

Score* 

(8) 

3.8 
4.5 

7.6 
9.0 

4.8 
3.0 

9.6 
6.0 



12-14 SKUNK CREEK AT THE NEW RIVER ROAD BRIDGE 

A unique problem was identified while conducting the Phase 2 hydraulic, sediment 
transport, and scour analyses on Skunk Creek in the vicinity of the New River Road 
Bridge. This bridge, which is located in the middle of the New River Road Reach, at the 
upstream end of the Phase 2 study area (see Figure 12-9.3), is a 367-foot, 5-span, 
continuous concrete slab, built in 1995. The bridge was built on an extreme skew to the 
Skunk Creek channel (60 degrees) in an area where the 100-year floodplain is shallow 
and very wide (approximately 1700 feet). Presumably to reduce cost, yet provide 
sufficient conveyance area to pass the 100-year discharge under the bridge, the Skunk 
Creek channel was abruptly widened from approximately 30 feet to 180 feet in the 
immediate vicinity of the bridge, with no transition back to the natural channel geometry 
downstream. This dramatically reduced the sediment transport capacity of the channel at 
this location, especially for the more frequent storm events, and has resulted in significant 
sediment deposition at the bridge. The deposition is so significant that the entire area 
excavated in-fills with sediment to the level of the original overbank, reducing the 
conveyance area to the point where the bridge effectively acts like a dam, potentially 
forcing more flow out of the channel than would occur naturally during a major event 
such as the 100-year flood. Constant maintenance to remove the deposited sediment is 
and will continue to be required to minimize the aggravated flooding problems at the site. 

A cursory investigation into potential solutions to this problem was conducted during the 
master plan study. Among them was the construction of levees to contain the 100-year 
discharge and force it through the bridge, along with various combinations of channel 
improvements at and downstream of the bridge. Because of natural outcrops of caliche 
and bedrock downstream of the bridge acting as grade control, it was concluded that the 
channel would continue to aggrade at the bridge site during frequent storm events even 
with the levees. The possibility of removing the natural grade control and steepening the 
channel slope to increase sediment transport capacity through and downstream of the 
bridge site was also briefly investigated. However, it was concluded that approximately 
2000 feet of expensive "hard" excavation would be required to achieve this. 

Further investigation to identify a possible solution to this problem is beyond the scope of 
the master plan study. However, because of the complexity of the problem, the poorly 
defined hydraulics at the site, and the potential cost of not taking action (flood damage 
and maintenance), it is highly recommended that an independent study be undertaken to 
identify feasible solutions and develop a recommended solution for implementation. A 
possible side benefit of a solution may be a reduction in the erosion hazard area in the 
vicinity of the bridge, especially in the west overbank area. An in-depth study to identify 
possible solutions to the problem should include the following tasks: 

Develop and evaluate a minimum of three alternative solutions to the problem, 
including removal of the bridge. 
Conduct a detailed hydraulic analysis on the New River Road Reach over the full 
range of discharges (Q2 through Qloo) for existing conditions, pre-bridge conditions, 
and for each alternative solution considered. 
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Conduct a detailed sediment transport analysis on the New River Road Reach over 
the full range of discharges for existing conditions, pre-bridge conditions, and for 
each alternative solution considered. 
Conduct an equilibrium slope and arrnoring analysis over the full range of discharges 
for existing conditions, pre-bridge conditions, and for each alternative solution 
considered. 
Conduct a subsurface investigation to identify the location of bed rock and other 
potential geologic control features through the reach. 
Perform sediment gradation testing of surface and subsurface sediments every 500 
feet through the reach. 
Evaluate the impact of each alternative on local scour at the bridge and the capacity 
of the bridge foundations over the full range of discharges considered. 
Evaluate the impact of each alternative on the limits of the erosion hazard zones, as 
identified and established by this master plan study. 
Provide sufficient plan drawings and conceptual details to describe the alternatives 
being evaluated. 
Provide a final summary report with cost estimates for the alternatives and 
recommend an alternative for further development and implementation. 
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EVALUATION OF DAM ALTERNATIVE 

The Implementation Plan for the recommended WCMP includes a proposed buy-out program for 
16 high-hazard residences located within the FEMA 100-year Floodway or the Severe Erosion 
Hazard Zone in Phase 2 of the study area. The cost of the buy-out program has been estimated to 
be $5.7M. In August 2001, the District requested that a cost estimate for a dam to protect these 
residents be made for comparison purposes. Conceptually, two dams would likely be required; 
one on Skunk Creek and another on Cline Creek. The dams would be located upstream of the 
parcels that are presently included in the buy-out program. The dams are intended to reduce 
peak flows, during the 100-year event, to a level that would not flood the residences. If this level 
of flood protection were implemented, it would theoretically eliminate the need for the buy-out 
program from a flooding standpoint. However, erosion hazards may still be a concern. 

12-15.1 Assumptions and limitations 

It must be emphasized that the dam evaluation conducted here is conceptual and has significant 
limitations and unknown factors. Therefore, the estimated cost is only a rough indicator of the 
actual cost of the completed project. Determination of the optimum dam sites on Skunk Creek 
and Cline Creek is outside the scope of this project. A detailed study would be required to 
determine the optimum locations and, hence, a more accurate estimate of the physical 
dimensions of the dams. The objective of this evaluation is to obtain a rough estimate of the dam 
sizes by approximating the storage volume needed to protect downstream residences from the 
100-year flood. The dam locations used to perform the analysis must not be construed to be 
recommended dam sites. The selection of the dam sites was limited by the availability of 
detailed topographic mapping. However, the sites are assumed to be representative of the terrain 
at other points along the watercourses where such dams might be located. 

There are numerous factors associated with the construction of a dam for which the costs are 
unknown until a more detailed study is completed. These include, but are not limited to: 

Environmental Analysis/Documentation 
Mitigation Costs 
Relocation Costs 
Public Involvement Costs 
Permit Cost 

In addition to the initial design and construction cost, on-going monitoring and maintenance 
costs must be considered. Dams require continued maintenance and must meet standards of 
regulators, which occasionally change. 

12-15.2 Methodology 

The residences in danger of flood hazards are impacted by flows from both Skunk and Cline 
Creeks. To simplify the analysis and remain somewhat conservative, the total 100-year, 24-hour @ runoff volume generated from both watersheds was used to estimate the size of the conceptual 
dams. To determine the total amount of storage required, the 100-year discharge from the dam 
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was limited to a magnitude that would not flood residences downstream of the confluence of the 
two creeks. The first residence with the highest probability of flooding downstream of the 
confluence is located immediately south of Honda Bow Road on Parcel Number 21 1-22-002B. 
The threshold flooding discharge at that location is approximately 8,000 cubic feet per second 
(c fs) . 
In the HEC-1 hydrologic model, concentration point S14C is located at the confluence of Skunk 
and Cline Creeks and identifies the combined runoff rate and volume from the two watercourses. 
The hydrograph at this point was used to estimate the amount of storage volume required to 
reduce the 100-year peak discharge to 8,000 cfs (see Appendix H). Storage volume was 
calculated using the following formula1: 

where, Si = Storage at time i in acre-feet 
C = factor for converting from cfs to acre-feet 
D = time interval between time i and i-1 in seconds 
QIi = inflow at time i in cfs - 

a QOi = outflow at time i in cfs 

' From HEC-1 User's Manual, Example Problem #14, Calculating Reservoir Storage and Elevation from Inflow and Outflow. 

The estimated storage volume was then proportionally divided between Skunk and Cline Creeks 
according to watershed area. The time to peak for both watercourses is almost identical. 

The impoundment area for each basin was estimated by choosing a representative dam site and 
using the available detailed topographic mapping to estimate the relationship between storage 
volume and water surface area. Intervals of 10 feet were used for the Skunk Creek calculations. 
The topographic mapping for Cline Creek has a contour interval of 4 feet, so calculation intervals 
of 8 and 12 feet were used. The reservoir volume was calculated using the following formula2: 

where, V = incremental volume between elevations 1 and 2 
h = vertical distance between elevations 1 and 2 
Al = surface area of elevation 1 
AZ = surface area of elevation 2 

From HEC-1 User's Manual, Figure 3.1 1, Conic Method for Reservoir Volumes 

@ See Appendix H for plan views of the conceptual dam sites used for this analysis. The resulting 
impoundment areas are also shown. The locations used to perform the analysis are not being 
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recommended for dam sites. Their selection was based primarily on the availability of detailed 
topographic mapping and terrain features conducive to surface-water impoundment. Pertinent 
data for each dam is summarized in Table 12- 15.1. 

TABLE 12-15.1: SUMMARY OF DAM ANALYSIS RESULTS 

12-15.3 Cost Estimate 

Total Drainage Area [sq mi] 

Peak Qloo at S 14C [cfs] 

Required Storage Volume [ac-ft] 

Approx. Water Depth at Dam [ft] 

Approx. Length of Dam [ft] 

Approx. Water Surface Area [ac] 

Time to Peak at S 14C [hrs] 

Cost of construction data was obtained for eight flood control dams built in Maricopa County 
between 1972 and 1996. Additional information collected on each dam included height, length, 
storage capacity, and the year of construction. This information was taken from the files of the 
Arizona Department of Water Resources (ADWR). At the completion of dam construction, each 
owner is required by law to "file an affidavit of total cost of the dam." The law requires that this 
cost include "all labor and materials entering into the construction.. . (as well as) the cost of 
preliminary investigations and surveys, the construction plant and all other items properly 
included in the cost of the dam." The ADWR requires a breakdown of the cost in sufficient 
detail to assure that appropriate charges are included. Their application fees are based on this 
cost. While owners are required to report all costs of construction, the cost of environmental 
studies may not have been included. The U.S. Army Corps of Engineers Civil Works 
Construction Cost Index System (EM 1 1 10-2-1 304), revised March 3 1,2001, was used to update 
the original costs, as certified by the owners, to what each dam would cost if constructed in the 
second half of 2001. Table 12-15.2 summarizes the data collected for each dam. The dams are 
listed in order of storage capacity, from largest to smallest. 
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Skunk Creek 

16.77 

12,600 

561 

28 

1,200 

65 

12.83 

Cline Creek 

15.79 

9,800 

5 18 

26 

1,400 

5 0 

13.00 



- - 

TABLE 12-15.2: DAM INFORMATION SUMMARY 

Graphs of cost versus the physical characteristics of the dams were developed in order to find the 
best correlation of data. Ultimately, a correlation between the three larger dams and the others 

@ could not be found. Therefore, Adobe, Cave Buttes, and New River Dams were excluded From 
the analysis. The Cost vs. the Storage Capacity and the Cost vs. the Product of the Length Times 
the Height using the five smaller dams provided the lbest correlation. Refer to Appendix H for all 
data and graphs. 

A cost range for each conceptual dam was estimated using the graphs described above. In 
addition, land acquisition cost was calculated using the estimated water-surface area of the 
impoundment. The amount of land actually purchased would likely exceed the estimated water- 
surface area to provide a buffer area. The land cost used in the proposed buyout program is 
$50,000 per acre. The same cost is used in this evaluation. The resulting cost estimates are 
shown in Table 12-15.3. Costs associated with the unknown factors listed in Section 12-15.1 are 
not included in the amounts reported to ADWR, nor are the costs of structures that may be 
located on the land that must be acquired. Consequently, the actual cost of the dams is expected 
to be higher than the amounts shown in Table 12-1 5.3. 

SKUNK CREEK WATERCOURSE MASTER PLAN 145 
Tetra Tech, Inc. 

Capacity 
[ac-ft] 

46,600 

43,520 

15,650 

317 

218 

150 

66 

5 5 

Dam 

Cave Buttes 

New River 

Adobe 

Dreamy Draw 

Sunnycove 

Casandro 

Detention #7 

Sunset 

Year of 
Construction 

1980 

1985 

1982 

1973 

1977 

1996 

1975 

1977 

Length 
[ft] 

2,260 

2,320 

1 1,245 

450 

714 

350 

600 

488 

Reported 
Cost 

$17,801,570 

$14,844,800 

$15,982,720 

$763,553 

$3 12,097 

$1,410,000 

$194,163 

$427,805 

Height 
[ftl 

99 

73 

40 

40 

40 

32 

22 

20 

Cost 
Indexed to 

2001 

$32,858,260 

$21,665,945 

$25,258,199 

$2,614,049 

$744,072 

$1,567,174 

$532,641 

$1,019,933 



TABLE 12-15.3: SUMMARY OF COST ESTIMATES 

12-15.4 ' Conclusions and Recommendations 

A conceptual cost evaluation was prepared for constructing dams on Skunk and Cline Creeks and 
compared to the cost of the proposed buy-out program. As shown in Table 12-15.3, the 
minimum estimated cost of building two dams ranges from $10.9M to $13.5M. The estimated 
cost of the buy-out program is $5.7M, or approximately half as much. 

The social and environmental impacts of dam construction are typically extensive, and the 
associated costs for the subject dams are undefined. In addition, construction of dams may not 
provide downstream property owners exemption from floodplain regulations. ADWR (June 
2000) rules could be interpreted to require no encroachment into the pre-dam floodplain even 
afier the dam is constructed. Also, erosion hazards would remain a concern for some locations, 
particularly for those residences in the Severe Erosion Hazard Zone. If dams are proposed, the 
extent of flood and erosion hazards downstream of the dams would require re-evaluation by a 
second detailed WCMP study because of the significant changes to the hydraulics characteristics 
of Skunk Creek during flood events. 

In conclusion, based on this conceptual economic evaluation, the buy-out program is considered 
to be more cost-effective than dams and have less potential adverse environment impact. It is 
therefore recommended that the buy-out program be implemented as proposed by the 
Implementation Plan. 
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GLOSSARY 

100-year Storm. A storm with a 100-year recurrence interval. The 100-year storm for the study 
area results from 5.0-inches of precipitation within a 24-hour period. The 2-year and 10-year 
storms result from a 24-hour precipitation 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. 

Anastornosing. A stream pattern characterized by a net-like or interwoven channel pattern, with 
individual flow paths better defined or permanent than braided channel flow paths. 

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. 

@ Cumulative Impacts. For the purpose of this study, cumulative impacts are a decrease in public 
safety, or an increase in cost to the public, within, upstream or downstream of the WCMP study 
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area, resulting from implementation of a proposed management alternative. The key indicator 
for determining the existence of cumulative impacts is an increase in peak discharge resulting 
from floodplain encroachment. A change in peak discharge, increasing in the downstream 
direction as a result offloodplain encroachment, typically results in increases in flow depth and 
velocity, and adversely affects the sedimentation and erosion characteristics of the watercourse. 
These effects can jeopardize existing structural flood control improvements or result in increased 
damage to property. Cumulative impacts have the effect of increasing the cost of floodplain 
management to the public. 

Degradation. Degradation is the progressive lowering, over time, of the channel bed in a reach 
due to erosion. 

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. 

Erosion Control Zone. A land area adjoining a body of water or adjacent to or located partially 
or wholly within a delineated floodplain which due to the soil instability, is likely to suffer flood- 
related erosion damage. The Severe and Lateral Migration Erosion Hazard Zones comprise the 
Erosion Hazard Zone for the WCMP. 

Existing Watershed Conditions. For the purpose of this study, existing watershed condition* 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-yearfloodway 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-yearfloodway is defined by FEMA as an area that 
is reserved for conveyance of floodwaters, in which buildings or other obstructions are not 
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allowed. The FEMA 100-yearfloodway limits are established by determining the amount of fill 
that can be placed in the 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-yearfloodway 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~7oodway fringe fiom the FEMA 100-yearfloodway. 

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. 

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 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 fiom 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. 
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Maximum Depth Bank Protection. Maximum depth bank protection is used where a 
watercourse management alternative allows development within the FEMA 100-year floodway 
fringe and the main channel is either at that location or can potentially migrate horizontally to 
that location. Maximum depth bank protection is located according to the requirements of the 
watercourse management alternatives. For example, the Full Structural Alternative presented in 
section VII specifies that maximum depth bankprotection be constructed along the FEMA 100- 
yearfloodway limits. 

Minimum Depth Bank Protection. Minimum depth bankprotection is used where a watercourse 
management alternative allows development within the FEMA 100-yearfloodway fringe, but the 
main channel is not expected to migrate horizontally to that location. The minimum depth bank 
protection required must be constructed to the same height as the maximum depth bank 
protection, but the below-ground depth requirement is much less. The below-ground depth 
requirement for minimum depth bankprotection is 3 feet. 

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 floodplain encroachment is not allowed. 
The uses permitted within the non-encroachment area are: 

b Drainage and stormwater conveyance, in an undisturbed desert state. 
b Open-space, unimproved (undisturbed desert with native landscape enhancements/restoration 

permitted). 
b Open-space, improved (limited to passive and active recreational activities including 

hiking/riding trails and similar activities within a desert landscape). 
b Homes or other structures may be constructed within this area, outside the FEMA 100-year 

Floodway, provided the structure and its foundation is designed to withstand the forces which 
may be imposed upon it by floodwaters, erosion, sedimentation and channel migration, to the 
satisfaction of the District. It must also be proven that the structure or structures will not 
result in cumulative impacts, or negatively impact adjacent properties. The design must be 
prepared and sealed by a professional civil or structural engineer licensed to practice within 
the State of Arizona. 

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. 

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 %year (50 % 
probability) and 10-year (10 % probability). 
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Regulatory Line. For the purpose of this study, the Regulatory Line is the Lateral Migration 
Erosion Hazard Zone limits or the FEMA 100-year floodplain, whichever is furthest 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 (<I 0,000 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 makeup 
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 
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Skunk Creek Watercourse 
Master Plan 
FCD Contract No. 99-23 

Design Event Scour Depth 

EXAMPLE HAND COMPUTATIONS Computed by: DEJ 
FOR SCOUR COMPONENTS Checked by: BSB 

Date: 912000 

Cross Section 19.920 (Reach 3) 

Zt = 1.3 * (Zgs + Za + Zbs + Z$ + Zlff) 

Zt = Design Event Scour Depth (ft) 

F, = Factor of Safety = 1.3 

Z,, = General Scour Depth (fl) 

Z, = Anti-dune Trough Depth (ft) 

Zbs = Bend Scour (ft) 

Z,, = Local Scour Depth (ft) 

Z,, = Low Flow Thalweg Depth (ft) 

Z,, = General Scour Depth (ft) 

Z,,= 0.1 f t  From HEC-6 Analysis (Figure 2 - Attached) 
Interpolated From a Peak to Peak Straight Line 

Z, = Anti-dune Trough Depth (ft) 

Z, = 0.01 37 * Vm2 Simons, Li and Associates (1 982) p. 1 1.30 
V, = Average Velocity of Flow (ftls) 

V,= 12.32 ftls HEC-RAS 100-Year Channel Velocity 
Z,= 2.1 ftls w/Encroachments 

Zbs = Bend Scour (ft) 
Zbs = 0.0685 * Ymax * (v,'.~) * 2.1 * sinL(alpha/2) "'" - 1 (cos alpha ) 1 Zeller ( I  981) 

Y:.~ * s,'.~ 

YmaX= Max Depth of Flow lmmmediate y 
Upsteam of Bend (ft) 
Y,,= 13.5 ft HEC-RAS 100-Year Maximum Channel Depth 

V, = Average Velocity of Flow (ftls) WI Encroachments 
V,= 12.32 ft/s HEC-RAS 100-Year Channel Velocity 

Y, = Hydraulic Depth Immediately WI Encroachments 
Upstream of Bend (ft) 
Yh= 11.0 ft HEC-RAS 100-Year Hydraulic Channel Depth 

S, = Energy Slope Immediately wl Encroachments 
Upstream of Bend (ftlft) 
S, = 0.0073 Wft HEC-RAS 100-Year E.G. Slope 

alpha = Angle Formed By the Projection of the wl Encroachments 
Channel Centerline from the Point of 
Curvature to a Line Tangent to the 
Outer Bank 
alpha = 20 degrees Topographic Mapping 

Zbs = 0.6 ft 

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

Tetra TechIASL Consulting Engineers p a g e : l  of _13 



Skunk Creek Watercourse 
Master Plan 
FCD Contract No. 99-23 

Z,, = Low Flow Thalweg Depth (ft) 

Zlfi= 0 ft 

EXAMPLE HAND COMPUTATIONS 
FOR SCOUR COMPONENTS 

Computed by: DEJ 
Checked by: BSB 

Date: 912000 

Zit = Left Bank Design Event Scour Depth (ft) 

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

Scour Depths Referenced to Existing Thalweg 
Elevation 

No Bend Scour Component on Right Side 

Superelevation Used Later to Determine Top of Bank Elevation 

hdel = Superelevation at Outside Bank Around Channel Bends (ft) 
hdel = vT2 * T Chow p.448 & FCDMC Drainage Design p. 6-20 

g * rc 
VT = Average Velocity of Flow (ft/s) HEC-RAS 100-Year Velocity w/Encroachments 

V,= 7.6 WS 
T = Width of the Channel (ft) 

T = 683.3 ft 
g = Acceleration of Gravity (ft/s2) 

g = 32.2 ft/s2 
rc = ~ a d i u s  of Curvature (ft) 

alpha = Angle Formed By the Projection of the 
Channel Centerline from the Point of 
Curvature to a Line Tangent to the 
Outer Bank 
alpha = 20 degrees 

r, = 5324 f t  

hdel = Superelevation in Bank Around Channel Bends (ft) 

Tetra TechlASL Consulting Engineers 
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EXAMPLE HAND COMPUTATIONS 
FOR SCOUR COMPONENTS 

Long Term Armoring 

The sieve analysis conducted on the channel bottom sediments of Skunk Creek and Sanoran Wash 
typically did not include sediments sizes greater than 3-6 inches. Field observations and the boulder count 
data indicate that significant amounts of alluvium larger than 3-6 inches is available for armoring. The available 
data identified maximum sizes ranging from 20-24 inches. To account for these larger sizes, the boulder 
count curves were first converted from percent passing by size to percent passing by weight and the standard 
static methods described in the Bureau of Reclamation Manual 'Computing Degradation and Local Scour' 
were used. The conversion from percent passing by size to percent passing by weight shifted the gradation 
curves significantly to the right and resulted in effectively 'zero' long-term scour using the static methods. 
Consequently, to determine a reasonable long-term degradation component and to provide a small degree of 
conservatism to the conceptual design, a trial and error method was used to compute long-term degradation 
using the boulder count curves. This method, the 'dynamic approach,' is described below. 

Determine the Long Term Armoring Depth using the 'Dynamic' Approach. 
Find the Average Critical Particle Size, D, for four methods: Meyer-Peter Muller, Competent Bottom 
Velocity, Shields Method, and Yang's Incipient Motion. The Competent Bottom Velocity and 
Yang's equations are unchanged. The M-PM and Shield's Methods equations are modified using equations 
based upon the Darcy-Weisbach friction factor. 

First Derive Depth to 'Dynamic' Armoring Equation for Meyer-Peter Muller Equation 
Meyer-Peter Muller (Bedload Transport Equation) 'Computing Degredation and Local Scour,' p. 9 

D, = d * S  

K * ((ns 1 (DBO"~) )~~~)  
d = Mean Water Depth at Dominant 

Discharge (ft) 
S = Slope of Energy Gradient (Wft) 
K = 0.19 inch-pound units 

Dw, = Particle Size Where 90% of Material by m Weight is Finer 
ns = Manning's Coefficient for Particle Roughness 

(Skin Friction) Average of 3 Representative 
Grain Sizes 

Tc = gamma, * R * S 
T, = Ciritcal Shear Stress (Iblt?) 

gamma, = Specific Weight of Water 
R = Hydraulic Radius = Hydraulic Depth, d 

in Wide Channels 
S = Slope of Energy Gradient (Wft) 

Combining these equations results in 

Rearranging 
116 312 Tc = gamma, * K * ((n, 1 (Dm )) ) * Dc 

K = 0.19 inch-pound units 
K =  0.19 

gamma, = Specific Weight of Water 
gamma, = 62.4 IblftJ 

116 312 Tc = 11.856 [ ((ns 1 (DQO )) ) * DcI 

e T, = (f) * D, 

Tetra TechlASL Consulting Engineers 

Simons and Senturk p. 385 

Equation 1 

'Computing Degredation and Local Scour,' p. 9 
Constant 

Equation 1 wlconstants 

New Function for Equation 1 

Rewritten Equation 1 

Computed by: DEJ 
Checked by: BSB 

Date: 912000 



Skunk Creek Watercourse 
Master Plan 
FCD Contract No. 99-23 

EXAMPLE HAND COMPUTATIONS 
FOR SCOUR COMPONENTS 

Now 
@ T ~ =  (1 / 8 ) * p  * f * V L  Chezy Formulation of Shear-Stress as a 

T, = Shear Stress (Iblff) Function of Darcy Wesibach Friction Factor, f 
p = Density of Water (slugs /ft3) 
P = gamma, 1 g 

p = 1.94 slugs/ft3 
V = Mean Channel Velocity (ftls) 
f = 116.5*n2 Darcy Weisbach Friction Factor as a function 

R of Manning's n value 
n = Manning's Roughness Coefficeint 
n = 0.0395 * ( D ~ ~ ~ ~ ~ )  Anderson (I 970) 

D50 = in feet 
R = Hydraulic Radius (ft) From Grain Size Distribution of Bed (Curve 

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

Converting DEO to millimeters 
n = .0152 * ( D ~ ~ ~ ~ ~ )  

f = 0.027 D50 I" 

d 
Tc = * 1.94 0.027 050 'IJ - vz - 

d 

Combining Equations 1 & 2 
( f )  * Dc = 0.0065 * (D~,-JY)'" * v2 
cubina 

= 0.0065~ * ( D a )  * VB 

D: = (0.0065 1 (f) )3 * (D5dY) * VB 
Assuming 

Dc = D50 

D: = (0.0065 1 (f) )' * \P I Y 

Dc = [ (0.0065 1 (f) )" 1"' * V" / Y"' 

where 
MPM, = [(0.0065 I (f) )J]l'z 

and 

(f) ' 1 1.86 ((n, 1 ( D ~ ~ ~ ~ ) ) ~ ' ~ )  

Shield's Equation for 'Dynamic' Long Term Armoring 
Tc = T. * (gamma, - gamma,) * Dc 

T. = Dimensionless Shear Stress 
T* = 0.047 

gamma, = Specific Weight of Particle 

gamma, = 165 
gamma, = Specific Weight of Water 

gammaw = 62.4 
T,= 4.84*DC 

Equation 2 
Shear Stress from D-W f factor 

Assuming D50 = Dc as the Sediment Coursens 
in an Attempt to Armor. 

Equation 3 
New 'Dynamic' M-PM Armoring Equation 

D, measured in feet 

Computed by: DEJ 
Checked by: BSB 

Date: 912000 
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Skunk Creek Watercourse 
Master Plan 
FCD Contract No. 99-23 

Converting D, to Millimeters 

T c ~ 0 . 0 1 5 8 * D c  

EXAMPLE HAND COMPUTATIONS 
FOR SCOUR COMPONENTS 

Equation 4 

Combining Equation 2 & 4 

Cross Section 19.920 (Reach 3) 
Determine the 'Dynamic' Depth to Armoring. Finding Dc is an iterative process. 
First a depth to long term armoring is assumed. Then the Dc is found and the depth to armoring is computed. 

As the assumptive and computed value converge, the iteration is stopped. 

I Dc = 0.262 * v3 I Y'" 

Meyer-Peter Muller (MPM) Method 
D, = MPM, * v3 1 y1I2 (mm) 
q = Unit Discharge (cfs) 

q =  V * d  
V = Mean Channel Velocity (ftls) 

v =  10.2 ftls 
d = Mean Water Depth at Dominant 

Discharge (ft) 
d = 8.8 ft 
q = 89.4 cfslft 

d, = Assumed Depth to  Armoring (ft) 
d,= 1.3 ft 

d, = New Average Depth of Flow (ft) 

New 'Dynamic' Shields Armoring Equation 

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

d, = d + d, (ft) 

d,= 10.1 ft 

V, = New Average Channel Velocity (ftls) 
V, = q 1 d, (ftls) 
Vn= 8.9 ftls 

MPM, = [(0.0065 / (f) 

(f = I I .86 ((n, 1 (D,'/~))~/~) 
n, = Manning's Coefficient for Particle Roughness 

(Skin Friction) Average of 3 Representative 
Grain Sizes 

n, = ( D ~ " ~ )  l 44.4 Strickler (1 923) 

Dm= 173 mm From Grain Size Distribution of Bed (Curve 
DBO = 6.8 in Attached) 

n, = 0.031 
n, = 0.0395 * ( ~ 5 ~ ' ~ )  Anderson ( I  970) 

DB= 10 mm From Grain Size Distribution of Bed (Curve 

= 0.03 ft Attached) 
n, = 0.022 

n, = (~~5" ' )  / 39 Lane and Carlson (1953) 

D75 = 57 mm From Grain Size Distribution of Bed (Curve 

D75 = 2.2 in Attached) 

n, = 0.029 
Average n, = 0.028 

Tetra TechlASL Consulting Engineers 
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Skunk Creek Watercourse EXAMPLE HAND COMPUTATIONS Computed by: DEJ 
Master Plan FOR SCOUR COMPONENTS Checked by: BSB 
FCD Contract No. 99-23 Date: 912000 

D ~ o  = Particle Size Where 90% of Material by 
Weight is Finer (mm) 

D90= 173 mm 
(f) = 0.0150 

MPMc = 0.29 

Pdel = Percentage of Bed Material Larger than D, From Grain Size Distribution of Bed 
Pdel = 23 % (Curve Attached) 

yd = MPM 'Dynamic' Depth to Armoring 

yd = Y= * ((1 Pdel) - 1) 'Computing Degredation and Local Scour,' p. 14 
yd = Depth to Armoring Layer 

pdel = Percentage of Bed Material Larger than D, 
pdej = 23 % = 0.23 

ya = Thickness of the Amoring Layer 'Computing Degredation and Local Scour,' p. 15 
y, = 2 * D, (mm) 

ya = 126.5 mm 

I yd= 1.4 ft I OK-Equals Assumed Value 

Shields 'Dynamic' Depth to Armoring Method 
D, = 0.262 * Vd / Y1IZ 

q = Unit Discharge (cfs) 
q =  V * d  
V = Mean Channel Velocity (Ws) 

v =  10.2 ftls 
d = Mean Water Depth at Dominant 

Discharge (ft) 
d = 8.8 ft 

q = 89.4 dslft 
d, = Assumed Depth to Armoring (ft) 

d,= 1.2 ft 
d, = New Average Depth of Flow (ft) 

d" = d + d, (ft) 
d, = 10.0 ft 

Y=d,= 10.0 ft 
V, = New Average Channel Velocity (Ws) 

V, = q / d, (ftls) 
V,= 9.0 ftls 

HEC-RAS 10-Year Channel Velocity 
w1Encroachments 
HEC-RAS 10-Year Hydraulic Channel Depth 
w/Encroachments 

pdel = Percentage of Bed Material Larger than D, From Grain Size Distribution of Bed 
Pdel = 24 % (Curve Attached) 

yd = Shield's 'Dynamic' Depth to Armoring 

Yd= Ya*((l /~del) -1) 'Computing Degredation and Local Scour,' p. 14 
yd = Depth to Armoring Layer 

pdel = Percentage of Bed Material Larger than D, 

Pdel = 24 % = 0.24 
y, = Thickness of the Amoring Layer 'Computing Degredation and Local Scour,' p. 15 
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Skunk Creek Watercourse 
Master Plan 
FCD Contract No. 99-23 

ya = 2 * D, (mm) 
y,= 119.9 mm 

Competent Bottom Velocity 
D,= 1 . 8 8 * ~ $  
q = Unit Discharge (cfs) 

q =  V U d  
V = Mean Channel Velocity (ftls) 

v =  10.2 Ws 
d = Mean Water Depth at Dominant 

Discharge (ft) 
d = 8.8 ft 
q = 89.4 cfs/ft 

da = Assumed Depth to Armoring (ft) 
d, = 3.4 ft 

d, = New Average Depth of Flow (ft) 
d, ='d + d, (ft) 
d, = 12.2 ft 

Y=d,= 12.2 ft 
V, = New Average Channel Velocity (Ws) 

V, = q 1 d, (ftls) 
v, = 7.3 ftls 

EXAMPLE HAND COMPUTATIONS 
FOR SCOUR COMPONENTS 

OK-Equals Assumed Value 

'Computing Degredation and Local Scour,' p. 10 

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

pdel = Percentage of Bed Material Larger than D, From Grain Size Distribution of Bed (Curve 

Pdel = 16 % Attached) 

yd = Competent Bottom Velocity 'Dynamic' Depth to Armoring 

Yd = Ya * ((1 1 Pdel) - 1) 'Computing Degredation and Local Scour,' p. 14 

yd = Depth to Armoring Layer 
pdel = Percentage of Bed Material Larger than D, 

pdel = 16 % = 0.16 
ya = Thickness of the Amoring Layer 'Computing Degredation and Local Scour,' p. 15 

ya = 2 * D, (mm) 
ya = 203.0 mm 

[ yd = 3.5 f t  I OK-Equals Assumed Value 

Yang's Incipient Motion Method 'Computing Degredation and Local Scour,' p. 14 
D, = 0.00659 * v,: 
q = Unit Discharge (cfs) 

q =  V * d  
V = Mean Channel Velocity (ftls) HEC-RAS 10-Year Channel Velocity 

V =  10.2 ftls wlEncroachments 
d = Mean Water Depth at Dominant HEC-RAS 10-Year Hydraulic Channel Depth 

Discharge (ft) w/Encroachments 
d = 8.8 ft 
q = 89.4 cfslft 

da = Assumed Depth to Armoring (ft) 
d, = 3.7 ft 

Tetra Tech/ASL Consulting Engineers 
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Skunk Creek Watercourse 
Master Plan 
FCD Contract No. 99-23 

EXAMPLE HAND COMPUTATIONS 
FOR SCOUR COMPONENTS 

d, = New Average Depth of Flow (ft) 
d, = d + da (ft) 

Y=d,= 12.5 ft 

V, = New Average Channel Velocity (Ws) 
V, = q / d, (Ws) 
V,,= 7.2 ftls 

pdel = Percentage of Bed Material Larger than D, 

Find Yang's 'Dynamic' Depth to Armor 
yd = Ya * ((1 1 Pdel) - 1) 

yd = Depth to Armoring Layer 
pdel = Percentage of Bed Material Larger than Dc 

Pdel = 15 % = 0.15 
y, = Thickness of the Amoring Layer 

ya = 206.6 mm 

'Computing Degredation and Local Scour,' p. 14 

Computed by: DEJ 
Checked by: BSB 

Date: 912000 

From Grain Size Distribution of Bed (Curve 
Attached) 

OK-Equals Assumed Value 

yd = Average 'Dynamic' Depth to Armoring 
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Skunk Creek Watercourse EXAMPLE HAND COMPUTATIONS Computed by: DEJ 
Master Plan FOR SCOUR COMPONENTS Checked by: BSB 
FCD Contract No. 99-23 Date: 912000 

Bank Protection Design Cross Section 19.920 (Reach 3) 

TOBL = Left Top of Bank Elevation (ft) 
TOBL = WSE + hdel + Fb 
WSE = Encroached 100 Year WSE (ft) 

WSE = 1815.5 ft 
hdel = Superelevation at Outside Bank Around 

Channel Bend (ft) 
hdel = 0.2 ft See Superelevation Height p.- /L- 

Fb = Freeboard 

Fb= 3 ft Levee Alternative 

TOBL = Left Top of Bank Elevation (ft) 

TOBR = Right Top of Bank Elevation (ft) 
TOBR = WSE + hdel + Fb 
WSE = Encroached 100 Year WSE (ft) 

WSE= 1815.5 ft 
hdel = Superelevation at Outside Bank Around 

Channel Bend (ft) 
hdel = O ft No Bends - 

Fb = Freeboard 

Fb= 3 ft Levee Alternative 

TOBR = Right Bank Top of Bank Elevation (ft) 

TOEL = Left Bank Toe Down Elevation (ft) 
TOEL = Min RAS - D,, 

Min RAS = Minimum HEC-RAS Elevation (ft)' HEC-RAS Minimum Elev at Cross Section 
Min RAS = 1802 ft (Thalweg) 
Dl,= Left Bank Total Degredation (ft) 

Dlt = + yd 
ZIt = Left Bank Design Event Scour Depth (ft) 

Zit= 3.7 ft See Left Bank Design Event Scour 

yd = Long Term Armoring Depth (ft) Depth p.& 
yd = 2.5 ft See Long Term Armoring Depth p.z 
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Skunk Creek Watercourse EXAMPLE HAND COMPUTATIONS 
Master Plan FOR SCOUR COMPONENTS 
FCD Contract No. 99-23 

Computed by: DEJ 
Checked by: BSB 

Date: 912000 
TOEL = Left Bank Toe Down Elevation (ft) 

I TOE, 1795.8 ft I 
TOER = Right Bank Toe Down Elevation (ft) 

TOER = Min RAS - D, 
Min RAS = Minimum HEC-RAS Elevation (ft)' 

MinRAS= 1802 fi 
D,= Right Bank Total Degredation (ft) 

Drt= Zrt+yd 
Z, = Right Bank Design Event Scour Depth (ft) 

Z&= 2.9 ft See Right Bank Design Event Scour 
yd = Long Term Armoring Depth (ft) Depth p.% 

y d =  2.5 ft See Long Term Armoring Depth p.z 

TOER = Right Bank Toe Down Elevation (ft) 

LL, = Left Bank Slope Length (ft) 2: 1 Bank Side Slopes 
LL, = ((TOBL -  TOE^)^ + ((TOBL -  TOE^)*^)^)''* 

I LL, = 51.4 ft I 
RL, = Right Bank Slope Length (ft) 2:l Bank Side Slopes 

RL, = ((TOBR -  TOE^)* + ((TOBR -  TOE^)*^)^)"^ 

DS0 = Dumped Riprap Median Particle Size (ft) 
DS0 = 0.0122 * v:Oe 
V, = Average Velocity (Ws) 

V,= 12.3 Ws 

Tr = Riprap Layer Thickness (ft) 
T, = 1.5 * DS0 

USBR-EM-25 (1 974, Curve B) 

HEC-RAS 100-Year Channel Velocity 
wl Encroachments 

Rounded to the Nearest 112 foot 

FCDMC Drainage Design Man. Table 2 p.6-40 
Rounded to the Nearest 112 Foot ( I '  Min.) 
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Skunk Creek Watercourse EXAMPLE HAND COMPUTATIONS Computed by: DEJ 
Master Plan FOR SCOUR COMPONENTS Checked by: BSB 
FCD Contract No. 99-23 Date: 912000 

T, = Gabion Thickness (ft) 

Tg = 213 * D50 of Dumped Riprap (ft) US Army Corps of Engineers Standard 

Tg= 1.3 ft Design Practice 

T, = 16.0 in 
I Tg= 18 in  I Adjusted to Nearest Manufactured Size 

CSA Layer Thickness, TCsA (ft) 

I T,, = 8.0 ft 1 Standard CSA Layer Thickness 

Bank Protection Volumes For Reach 3 

Riprap Bank Protection 

R~~ = Left Bank Riprap Volume per Length (yd3/ft) 

VLF = LLs * Tr 

LL, = Left Bank Slope Length (ft) 
LLs = 51.4 ft 

Tr = Riprap Layer Thickness (ft) 
Tr = 1.5 * Reach Ave D50 

Reach Ave Ds = 2 ft 

T r=  3 ft 
R~~ = 1 54.2 ft3/ft of length 

R~~ = 5.7 yd3/ft of bank 

R~~ = Right Bank Riprap Volume per Length (yd31ft) 

VRF = LLs * Tr 

RLs = Right Bank Slope Length (ft) 
RLs= 49.0 ft 

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

Reach Ave D50 = 2 ft 

Tr= 3 ft 
R~~ = 147.0 ftY1ft of length 

1 R,, = 5.4 yd3/ft of bank 1 

/ 0 See Left Bank Slope Length p.- 

Average Over Entire Reach 3 

See Right Bank Slope Length p./O 

Average Over Entire Reach 3 
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Skunk Creek Watercourse EXAMPLE HAND COMPUTATIONS 
Master Plan FOR SCOUR COMPONENTS 
FCD Contract No. 99-23 
Gabion Bank Protection 

GL = Left Bank Gabion Volume per Length (yd'lft) 

GL = LLs * Tg 
LLs = 51.4 ft 

T, = Gabion Thickness (ft) 

Tg = 213 * Reach Ave D,, (ft) 

Reach Ave D, = 2 ft 

Tg= 1.3 ft 

Tg= 18 in 
GL = 77.1 ft'lft of length 

I G~ = 2.9 yd3/ft of bank I 
GR = Right Bank Gabion Volume per Length (yd'lft) 

GR = RLs * Tg 
RLs = 49.0 ft 

Tg = Gabion Thickness (ft) 

Tg = 213 * Reach Ave D, (ft) 

Reach Ave D,, = 2 ft 

Tg= 1.3 ft 

Tg= 18 in 
GR = 73.5 ft'lft of length 

I G~ = 2.7 yd3/ft of bank I 

CSA Bank Protection 

CS& = Left Bank CSA Volume per Length (yd'lft) 

CS& = H * TCsA 
H = Levee Height (ft) 
H = TOBL - TOEL 

H = 23.0 ft 
TCs, = CSA Layer Thickness (ft) 

TCsA= 8.0 ft 
CSA, = 183.9 ft'lft of length 

I CSA, = 6.8 yd3/ftof bank I 

Computed by: DEJ 
Checked by: BSB 

Date: 912000 

See Left Bank Slope Length p.& 

US Army Corps of Engineers Standard 
Design Practice 

Average Over Entire Reach 3 

10 See Right Bank Slope Length p.- 

See TOB and TOE p.=/D 

Standard CSA Layer Thickness 
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Skunk Creek Watercourse EXAMPLE HAND COMPUTATIONS 
Master Plan FOR SCOUR COMPONENTS 
FCD Contract No. 99-23 
CSA, = Right Bank CSA Volume per Length (yd3/ft) 

CSAR = H * TCsA 
H = Levee Height (ft) 
H = TOBR - TOER 

H =  21.9 ft See TOB and TOE p.&p 
Tcsn = CSA Layer Thickness (ft) 

TCSA= 8.0 ft 
CSA, = 175.3 ftY1ft of length 

CSA, = 6.5 yd3/ft of bank I 

Computed by: DEJ 
Checked by: BSB 

Date: 912000 
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APPENDIX B 

Earthwork Quantities 

Phase 1 



SKUNK CREEK: FULL STRUCTURAL ALTERNATIVE - EARTHWORK 

Riprap Bank Protection 

Greasewood Reach 56,086 12,460 19,175 40,602 -16,151 59,204 80,996 17,519 45,854 -85,165 115,290 -101,316 

Braided Reach 45,234 32,503 20,023 27,732 -35,024 48,793 160,975 17,489 34,434 -164,105 94,027 -199,129 

Totals: 317,792 99,991 151,198 183,254 -116,651 336,644 398,146 136,294 220,385 -418,181 654,436 -534,832 

Greasewood Reach 52,609 14,445 21,053 34,712 -17,601 53,049 110,350 19,264 37,164 -1 13,728 105,658 -13 1,329 

Braided Reach 67,527 19,381 22,104 49,966 -23,923 71,854 35,360 19,346 57,759 -40,610 139,381 -64,534 

Totals: 328,340 80,753 152,917 192,966 -98,296 339,885 209,484 137,703 222,401 -229,702 668,225 -327,998 

Earthwork Summary Phase I RipRap.xls Page 1 of 7 



UNNAMED WASH: FULL STRUCTURAL ALTERNATIVE - EARTHWORK 

Riprap Bank Protection 

Main Stem Reach 21,163 17,688 10,579 1 1,642 -18,746 38,995 73,853 9,283 32,683 -76,824 60,158 -95,570 

Sandy Reach 3 1,307 13,992 9,488 24,001 -16,174 30,501 35,419 8,262 24,463 -37,643 61,808 -53,817 
Totals: 195,552 71,635 74,967 132,643 -83,694 215,064 173,529 65,704 164,296 -188,465 410,616 -272,159 

Reach 
Name 

Hackberry Reach 

Ironwood Reach 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summary Phase I RipRap.xls Page 2 of 7 

Excavation Along Right Bank in cubic yards 

Reach 
Excavation 

87,010 

119,855 

73,436 

88,692 

368,993 

Reach 
Borrow 

-38,108 

-92,569 

-66,575 

-41,447 

-238,699 

Levee Option 
Excavation 

42,360 

58,222 

36,641 

44,143 

181,366 

Floodplain Fill Option 
Excavation 

44,650 

61,633 

36,795 

44,549 

187,627 

Embankment 

17,175 

31,337 

14,414 

1 1,075 

74,001 

Embankment 

15,335 

55,117 

46,671 

23,725 

140,847 

Protection 

16,568 

3 1,3 13 

9,894 

11,882 

69,657 

Protection 

14,471 

27,384 

8,644 

10,338 

60,836 

Backfii 

28,371 

29,600 

29,421 

35,487 

122,880 

Borrow 

-19,755 

-34,028 

-17,089 

-14,301 

-85,172 

Backfii 

33,197 

37,674 

30,966 

37,632 

139,470 

Borrow 

-18,353 

-58,542 

-49,486 

-27,146 

-153,526 



SKUNK CREEK: TEAM ALTERNATIVE - EARTHWORK 

Riprap Bank Protection 

Greasewood Reach 0 0 0 0 0 0 0 0 0 0 0 0 

Braided Reach 0 0 0 0 0 0 0 0 0 0 0 0 

Totals: 1,152 3,076 1,938 -864 -2,997 1,145 8,473 0 1,260 -8,588 2,297 -11,585 

Greasewood Reach 

Braided Reach 

Totals: 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Earthwork Summary Phase I RipRap.xls 

0 

0 

63,249 

Page 3 of 7 

0 

0 

34,066 

0 

0 
39,277 

0 

0 

26,369 

0 

0 

-36,463 

0 

0 

64,388 

0 

0 
100,151 

0 

0 

33,521 

0 

0 

33,954 

0 

0 

-103,237 

0 

0 

127,637 

0 

0 

-139,700 



UNNAMED WASH: TEAM ALTERNATIVE - EARTHWORK 

Riprap Bank Protection 

Swell Factor: 0% 

Shrinkage Factor: 10% 

r 

Reach 
Name 

Hackbeny Reach 

Ironwood Reach 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summary Phase I RipRap.xls 513 1/01 Page 4 of 7 

Excavation Along Left Bank in cubic yards 

Reach 
Excavation 

0 

26,848 

43,261 

0 

70,109 

Reach 
Borrow 

0 

-32,087 

-67,384 

0 

-99,470 

Levee Option 
Excavation 

0 

13,148 

21,417 

0 

34,565 

Floodplain Fill Option 
Excavation 

0 

13,700 

21,844 

0 

35,544 

Embankment 

0 

6,762 

14,990 

0 

21,751 

Embankment 

0 

23,238 

48,843 

0 

72,081 

Protection 

0 

5,974 

7,754 

0 

13,728 

Protection 

0 

0 

0 

0 

0 

Backfii 

0 

7,891 

15,030 

0 

22,921 

Borrow 

0 

-7,479 

-16,356 

0 

-23,835 

Backfill 

0 

15,070 

24,028 

0 

39,098 

Borrow 

0 

-24,608 

-51,028 

0 

-75,635 



SKUNK CREEK: STAKEHOLDER'S ALTERNATIVE - EARTHWORK 

Riprap Bank Protection 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Reach 

Borrow 

-8,281 

-1 88,338 

0 

0 

-196,619 

Reach 

Name 

Knoll Reach 

Cut Bank Reach 

Greasewood Reach 

Braided Reach 

Totals: 

Reach 

Name 

Knoll Reach 

Cut Bank Reach 

Greasewood Reach 

Braided Reach 

Totals: 

Earthwork Summary Phase I RipRap.xls Page 5 of 7 

Reach 

Excavation 

28,819 

290,363 

0 

0 

319,182 

Excavation Along Right Bank in cubic yards 

Excavation Along Left Bank in cubic yards 

Reach 

Excavation 

0 

111,924 

0 

0 

111,924 

Levee Option 

Reach 

Borrow 

0 

-30,133 

0 

0 

-30,133 

Levee Option 

Excavation 

14,389 

144,088 

0 

0 

158,477 

Floodplain F i  Option 

Excavation 

0 

55,177 

0 

0 

55,177 

Floodplain Fill Option 

Excavation 

14,430 

146,275 

0 

0 

160,705 

Excavation 

0 

56,747 

0 

0 

56,747 

Embankment 

3,43 0 

46,101 

0 

0 

49,531 

Embankment 

0 

6,3 13 

0 

0 

6,313 

Embankment 

2,977 

124,568 

0 

0 

127,545 

Embankment 

0 

14,637 

0 

0 

14,637 

Protection 

5,375 

59,857 

0 

0 

65,232 

Protection 

0 

20,088 

0 

0 

20,088 

Protection 

4,702 

53,816 

0 

0 

58,518 

Protection 

0 

0 

0 

0 

0 

Backfii 

9,915 

92,654 

0 

0 

102,569 

Backfill 

0 

38,597 

0 

0 

38,597 

Backfii 

10,701 

101,705 

0 

0 

112,406 

Borrow 

-4,331 

-54,524 

0 

0 

-58,855 

Borrow 

0 

-9,822 

0 

0 

-9,822 

Backfill 

0 

62,422 

0 

0 

62,422 

Borrow 

-3,949 

-133,814 

0 

0 

-137,764 

Borrow 

0 

-20,311 

0 

0 

-20,311 



UNNAMED WASH: STAKEHOLDER'S ALTERNATIVE - EARTHWORK 

Riprap Bank Protection 

Swell Factor: 0% 

Earthwork Summary Phase I RipRap.xls Page 6 of 7 



UNNAMED WASH: STAKEHOLDER'S AlLTERNATIVE - EARTHWORK 

Riprap Bank Protection 

Reach 
Name 

Hackberry Reach 

Ironwood Reach 

Main Stem Reach 

Sandy Reach 

Totals: 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summary Phase I RipRap.xls Page 7 of 7 

Excavation Along Right Bank of Natural Channel in cubic yards 

32,094 

0 

98,766 

Reach 
Excavation 

0 

74,591 

65,002 

0 

139,593 

Reach 
Borrow 

0 

-79,705 

-5,6 18 

0 

-85,322 

Levee Option 

8,834 

0 

31,700 

Excavation 

0 

38,692 

32,501 

0 

71,193 

Floodplain Fill Option 
Excavation 

0 

35,899 

32,501 

0 

68,400 

5,575 

0 

34,869 

Embankment 

0 

12,980 

0 

0 

12,980 

29,171 

0 

70,287 

Protection 

0 

13,932 

4,778 

0 

18,710 

Borrow 

0 

-64,249 -- 

-2,846 

0 

-67,094 

Embankment 

0 

- - 61,882 

0 

0 

61,882 

-1 1,486 

0 

-38,090 

Bacldii 

0 

27,236 

30,494 

0 

57,730 

Protection 

0 

12,229 

4,046 

0 

16,275 

Borrow 

0 

-15,456 

-2,772 

0 

-18,228 

Backfill 

0 

26,037 

31,301 

0 

57,338 

32,813 

0 

99,667 

84,479 

0 

141,208 

4,745 

0 

30,524 

30,875 

0 

76,057 

-87,286 

0 

-148,122 

64,907 

0 

198,433 

-98,772 

0 

-186,212 



UNNAMED WASH: FULL STRUCTURAL ALTERNATIVE - EARTHWORK 

Riprap Bank Protection 

Reach 
Name 

Hackberry Reach 

Ironwood Reach 

Main Stem Reach 

Sandy Reach 

Totals: 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summary Phase I RipRap.xls Page 1 of 1 

Excavation Along Right Bank in cubic yards 

21,163 

3 1,307 

195,552 

Reach 
Excavation 

87,010 

119,855 

73,436 

88,692 

368,993 

Reach 
Borrow 

-38,108 

-92,569 

-66,575 

-41,447 

-238,699 

Levee Option 

17,688 

13,992 

71,635 

Excavation 

42,360 

58,222 

36,641 

44,143 

181,366 

Floodplain Fill Option 

10,579 

9,488 

74,967 

Borrow 

-18,353 

-58,542 

-49,486 

-27,146 

-153,526 

Embankment 

17,175 

31,337 

14,414 

1 1,075 

74,001 

Excavation 

44,650 

61,633 

36,795 

44,549 

187,627 

1 1,642 

24,001 

132,643 

Protection 

16,568 

31,313 

9,894 

11,882 

69,657 

Embankment 

15,335 

55,117 

46,671 

23,725 

140,847 

-18,746 

-16,174 

-83,694 

Backfill 

28,371 

29,600 

29,421 

35,487 

122,880 

Protection 

14,471 

27,384 

8,644 

10,338 

60,836 

Borrow 

-19,755 

-34,028 

-17,089 

-14,301 

-85,172 

Backfill 

33,197 

37,674 

30,966 

37,632 

139,470 

38,995 

30,501 

215,064 

73,853 

35,419 

173,529 

9,283 

8,262 

65,704 

32,683 

24,463 

164,296 

-76,824 

-37,643 

-188,465 

60,158 

61,808 

410,616 

-95,570 

-53,817 

-272,159 



SKUNK CREEK: FVLL STRUCTURAL ALTERNATIVE - EARTHWORK 

Gabion Bank Protection 

Greasewood Reach 

Braided Reach 

Totals: 

Swell Factor: 0% 

Greasewood Reach 

Braided Reach 

Totals: 

Earthwork Summary Phase I Gabion.xls 

56,086 

45,234 

317,792 

Page 1 of 1 

52,609 

67,527 

328,340 

12,460 

32,503 

99,991 

14,445 

19,381 

80,753 

7,191 

10,012 

72,306 

7,895 

1 1,052 

72,879 

53,785 

38,745 

270,035 

49,186 

62,123 

281,007 

-17,349 

-36,025 

-124,540 

-18,917 

-25,028 

-106,299 

59,204 

48,793 

336,644 

53,049 

71,854 

339,885 

80,996 

160,975 

398,146 

110,350 

35,360 

209,484 

6,570 

8,745 

65,170 

7,224 

9,673 

65,605 

57,898 

44,053 

298,621 

50,408 

68,399 

301,708 

-86,260 

-164,980 

-425,293 

-1 14,932 

-41,578 

-236,912 

115,290 

94,027 

654,436 

-103,609 

-201,005 

-549,833 

105,658 

139,381 

668,225 

-133,849 

-66,606 

-343,211 



UNNAMED WASH: FULL STRUCTURAL ALTERNATIVE - EARTHWORK 

Gabion Bank Protection 

Main Stem Reach 

Sandy Reach 

Totals: 

Swell Factor: 

Shrinkage Factor: 

Reach 
Name 

Hackbeny Reach 

Ironwood Reach 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summw Phase I Gabion.xls 

36,641 

44,143 

181,366 

Page 1 of 1 

14,414 

1 1,075 

74,001 

Excavation Along Left Bank in cubic yards 

Reach 
Excavation 

103,915 

184,735 

60,158 

61,808 

410,616 

3,958 

4,753 

30,694 

Reach 
Borrow 

-34,782 

-93,567 

-96,762 

-54,882 

-279,993 

Levee Option 
Excavation 

5 1,095 

91,987 

21,163 

3 1,307 

195,552 

Floodplain Fill Option 

35,952 

43,329 

165,740 

Excavation 

52,820 

92,748 

38,995 

30,501 

215,064 

Embankment 

16,676 

23,279 

17,688 

13,992 

71,635 

-17,683 

-15,014 

-89,069 

Embankment 

9,474 

54,783 
~ -- 

73,853 

35,419 

173,529 

Protection 

9,366 

15,824 

4,232 

3,795 

33,216 

36,795 

44,549 

187,627 

Protection 

8,229 

13,869 

3,713 

3,305 

29,116 

Backfill 

45,902 

83,779 

18,624 

30,263 

178,569 

46,671 

23,725 

140,847 

Borrow 

-20,849 

-30,896 

-19,381 

-16,743 

-87,869 

Backfll 

49,050 

86,767 

38,810 

29,916 

204,543 

Borrow 

-13,933 

-62,671 

-77,381 

-38,139 

-192,124 

3,458 

4,135 

26,809 

36,671 

44,455 

176,900 

-50,005 

-27,766 

-156,929 

73,436 

88,692 

368,993 

-67,687 

-42,780 

-245,998 



SKUNK CREEK: TEAM ALTERNATIVE - 
Gabion Bank Protection 

EARTHWORK 

Greasewood Reach 

Braided Reach 

Totals: 

Swell Factor: 

Shrinkage Factor: 

Earthwork Summary Phase I Gabion.xls 

0 

0 

63,249 

Reach 
Name 

Knoll Reach 

Cut Bank Reach 

Greasewood Reach 

Braided Reach 

Totals: 

Page 1 of 1 

Reach 
Excavation 

0 

2,297 

0 

0 

2,297 

0 

0 

34,066 

Reach 
Borrow 

0 

-1 1,649 

0 

0 

-1 1,649 

Excavation Along Left Bank in cubic yards 

0 

0 

23,723 

Levee Option 
Excavation 

0 

1,152 

0 

0 

1,152 

Floodplain Fill Option 

0 

0 

43,478 

Excavation 

0 

1,145 

0 

0 

1,145 

Embankment 

0 

3,076 

0 

0 

3,076 

0 

0 

-38,018 

Embankment 

0 

8,473 

0 

0 

8,473 

Protection 

0 

1,292 

0 

0 

1,292 

0 

0 

64,388 

Protection 

0 

0 

0 

0 

0 

Backfii 

0 

-154 

0 

0 

-154 

0 

0 

100,151 

Borrow 

0 

-3,062 

0 

0 

-3,062 

Backfill 

0 

1,260 

0 

0 

1,260 

Borrow 

0 

-8,588 

0 

0 

-8,588 

0 

0 

20,192 

0 

0 

48,615 

0 

0 

-104,570 

0 

0 

127,637 

0 

0 

-142,589 



UNNAMED WASH: TEAM ALTERNATIVE - EARTHWORK 

Gabion Bank Protection 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summary Phase I Gabion.xls 5/31/01 Page 1 of 1 

21,417 

0 

34,565 

14,990 

0 

21,751 

3,446 

0 

6,433 

19,768 

0 

30,945 

-16,787 

0 

-24,565 

21,844 

0 

35,544 

48,843 

0 

72,081 

0 

0 

0 

24,028 

0 

39,098 

-51,028 

0 

-75,635 

43,261 

0 

70,109 

-67,8 14 

0 

-100,200 



SKUNK CREEK: STAKEHOLDER'S ALTERNATIVE - EARTHWORK 

Gabion Bank Protection 

Greasewood Reach 

Braided Reach 

Totals: 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Reach 
Name 

Knoll Reach 

Cut Bank Reach 

Greasewood Reach 

Braded Reach 

Totals: 

Earthwork Summary Phase I Gabion.xls 

0 

0 

158,477 

Page 1 of 1 

0 

0 

49,531 

Excavation Along Left Bank in cubic yards 

Reach 
Excavation 

0 

1 1 1,924 

0 

0 

111,924 

0 

0 

28,992 

Reach 
Borrow 

0 

-3 1,249 

0 

0 

-31,249 

Levee Option 
Excavation 

0 

55,177 

0 

0 

55,177 

Floodplain Fill Option 

0 

0 

142,433 

Embankment 

0 

6,313 

0 

0 

6,313 

Excavation 

0 

56,747 

0 

0 

56,747 

0 

0 

-62,479 

Protection 

0 

0 

0 

0 

0 

Embankment 

0 

14,637 

0 

0 

14,637 

Protection 

0 

8,928 

0 

0 

8,928 

0 

0 

160,705 

Backfill 

0 

62,422 

0 

0 

62,422 

Backfill 

0 

50,874 

0 

0 

50,874 

Borrow 

0 

-20,311 

0 

0 

-20,311 

0 

0 

127,545 

Borrow 

0 

-10,938 

0 

0 

-10,938 

0 

0 

26,008 

0 

0 

148,167 

0 

0 

-141,015 

0 

0 

319,182 

0 

0 

-203,494 



UNNAMED WASH: STAKEHOLDER'S ALTERNATIVE - EARTHWORK 

Gabion Bank Protection 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Earthwork Summary Phase I Gabion.xls Page 1 of 1 



UNNAMED WASH: STAKEHOLDER'S ALTERNATIVE - EARTHWORK 

Gabion Bank Protection 

Main Stem Reach 

Sandy Reach 

Totals: 
J 

Swell Factor: 

Shrinkage Factor: 

Reach 
Name 

Hackberry Reach 

Ironwood Reach 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summary Phase I Gabion.xls 

32,501 

0 

71,193 

Page 1 of 1 

0 

0 

12,980 

Excavation Along Left Bank of Natural Channel in cubic yards 

Reach 
Excavation 

0 

133,526 

64,907 

0 

198,433 

3,186 

0 

9,281 

Reach 
Borrow 

0 

-90,538 

-99,045 

0 

-189,583 

Levee Option 
Excavation 

0 

66,672 

32,094 

0 

98,766 

Floodplain Fill Option 

32,246 

0 

68,103 

Embankment 

0 

22,866 

8,834 

0 

31,700 

Excavation 

0 

66,854 

32,813 

0 

99,667 

-2,931 

0 

-19,171 

Backfill 

0 

61,133 

32,262 

0 

93,395 

Borrow 

0 

-62,287 

-87,412 

0 

-149,699 

Protection 

0 

12,816 

4,107 

0 

16,923 

Embankment 

0 

56,729 

84,479 

0 

141,208 

32,501 

0 

68,400 

Protection 

0 

11,278 

3,484 

0 

14,763 

Backfill 

0 

59,241 

30,786 

0 

90,028 

0 

0 

61,882 

Borrow 

0 

-28,251 

-1 1,633 

0 

-39,884 

3,186 

0 

8,536 

32,247 

0 

65,850 

-2,932 

0 

-67,868 

65,002 

0 

139,593 

-5,863 

0 

-87,039 



SKUNK CREEK: FULL STRUCTURAL ALTERNATIVE - EARTHWORK 

Soil Cement Bank Protection 

Greasewood Reach 

Braided Reach 

Totals: 

Swell Factor: 

Reach 
Name 

Knoll Reach 

Cut Bank Reach 

Greasewood Reach 

Braided Reach 

Totals: 

Earthwork Summary Phase I CSA.xls 

56,086 

45,234 

317,792 

Page 1 of 1 

12,460 

32,503 

99,991 

Excavation Along Left Bank in cubic yards 

Reach 
Excavation 

69,977 

353,209 

105,658 

139,381 

668,225 

17,151 

23,879 

111,020 

Reach 
Borrow 

-24,506 

-1 15,409 

-131,755 

-63,735 

-335,405 

Levee Option 
Excavation 

34,588 

173,616 

52,609 

67,527 

328,340 

Floodplain Fill Option 

42,829 

23,490 

227,449 

Excavation 

35,389 

179,593 

53,049 

71,854 

339,885 

Embankment 

10,206 

36,721 

14,445 

19,381 

80,753 

-16,353 

-34,638 

-120,668 

Embankment 

9,871 

53,903 

1 10,350 

35,360 

209,484 

59,204 

48,793 

336,644 

Borrow 

-12,302 

-48,556 

-17,823 

-23,498 

-102,178 

Protection 

12,062 

50,089 

17,230 

23,071 

102,451 

Protection 

13,629 

55,274 

18,830 

26,360 

114,093 

Backfill 

23,055 

130,176 

37,157 

45,283 

235,672 

80,996 

160,975 

398,146 

Backfill 

25,660 

142,455 

39,401 

53,661 

261,177 

Borrow 

-12,204 

-66,854 

-113,932 

-40,238 

-233,227 

15,669 

20,857 

99,737 

47,888 

30,730 

260,598 

-85,350 

-163,769 

-421,837 

115,290 

94,027 

654,436 

-101,703 

-198,407 

-542,505 



UNNAMED WASH: FULL STRUCTURAZ, ALTERNATIVE - EARTHWORK 

Soil Cement Bank Protection 

Main Stem Reach 36,641 14,414 14,160 24,730 -16,663 36,795 46,671 12,370 26,868 -49,113 73,436 -65,776 

Sandy Reach 44,143 1 1,075 17,005 29,852 -13,789 44,549 23,725 14,794 32,730 -26,700 88,692 40,489 
Totals: 181,366 74,001 78,929 112,680 -84,245 187,627 140,847 68,914 130,584 -152,719 368,993 -236,964 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summary Phase I CSA.xls Page 1 of 1 

21,163 

31,307 

195,552 

17,688 

13,992 

71,635 

15,140 

13,577 

83,406 

6,626 

19,503 

123,360 

-18,290 

-15,765 

-82,850 

38,995 

30,501 

215,064 

73,853 

35,419 

173,529 

13,285 

1 1,823 

73,090 

28,281 

20,545 

156,172 

-76,424 

-37,287 

-187,727 

60,158 

61,808 

410,616 

-94,714 

-53,052 

-270,577 



SKUNK CREEK: TEAM ALTERNATIVE - EARTHWORK 

Soil Cement Bank Protection 

Greasewood Reach 

Braided Reach 

Totals: 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Reach 
Name 

Knoll Reach 

Cut Bank Reach 

Greasewood Reach 

Braided Reach 

Totals: 

Earthwork Summary Phase I CSA.xls 

0 

0 

63,249 

Page 1 of 1 

0 

0 

34,066 

Excavation Along Left Bank in cubic yards 

Reach 
Excavation 

0 

2,297 

0 

0 

2,297 

0 

0 

30,053 

Reach 
Borrow 

0 

- 1 1,625 

0 

0 

-11,625 

Levee Option Floodplain F i  Option 
Excavation 

0 

1,152 

0 

0 

1,152 

0 

0 

36,516 

Borrow 

0 

-8,588 

0 

0 

-8,588 

Embankment 

0 

3,076 

0 

0 

3,076 

Excavation 

0 

1,145 

0 

0 

1,145 

0 

0 
-37,386 

Protection 

0 

1,540 

0 

0 

1,540 

Embankment 

0 

8,473 

0 

0 

8,473 

0 

0 

64,388 

Backfii 

0 

-427 

0 

0 

-427 

Protection 

0 

0 

0 

0 

0 

0 

0 
100,151 

Borrow 

0 

-3,037 

0 

0 

-3,037 

Backfill 

0 

1,260 

0 

0 

1,260 

0 

0 

25,623 

0 

0 

42,642 

0 

0 
-104,027 

0 

0 

127,637 

0 

0 

-141,413 



UNNAMED WASH: TEAM ALTERNATIVE - EARTHWORK 

Soil Cement Bank Protection 

Main Stem Reach 4,095 8,949 6,790 -2,965 -8,679 4,380 1 1,290 4,953 -631 -11,233 8,475 -19,912 
Sandy Reach 2,629 6,354 4,037 -1,549 -6,213 2,872 7,594 2,971 -109 -7,585 5,501 -13,797 

Totals: 8,124 17,731 12,741 -5,078 -17,269 8,743 22,068 9,330 -645 -22,010 16,867 -39,279 

Earthwork Summary Phase I CSA.xls Page 1 of 1 



SKUNK CREEK: STAKEHOLDER'S ALTERNATIVE - EARTHWORK 

Soil Cement Bank Protection 

Greasewood Reach 

Braided Reach 

Totals: 

Swell Factor: 0% 

Shrinkage Factor: 10% 

Greasewood Reach 

Braided Reach 

Totals: 

Earthwork Summary Phase I CSA.xls 

0 

0 

158,477 

Page 1 of 1 

0 

0 

55,177 

0 

0 

49,531 

0 

0 

6,313 

0 

0 

51,863 

0 

0 

15,971 

0 

0 

117,276 

0 

0 

43,126 

0 

0 

-60,192 

0 

0 

-10,233 

0 

0 

160,705 

0 

0 

56,747 

0 

0 
127,545 

0 

0 

14,637 

0 

0 

46,525 

0 

0 

0 

0 

0 

125,599 

0 

0 

62,422 

0 

0 

-138,963 

0 

0 

-20,311 

0 

0 

319,182 

0 

0 

-199,155 

0 

0 

111,924 

0 

0 

-30,545 



UNNAMED WASH: STAKEHOLDER'S ALTERNATIW - EARTHWORK 

Soil Cement Bank Protection 

Swell Factor: 

Shrinkage Factor: 

Earthwork Summary Phase I CSA.xls Page 1 of 1 



UNNAMED WASH: STAKEHOLDER'S ALTERNATIVE - EARTHWORK 

Soil Cement Bank Protection 

Main Stem Reach 

Sandy Reach 

Totals: 

Swell Factor: 

Shrinkage Factor: 

Main Stem Reach 

Sandy Reach 

Totals: 

Earthwork Summary Phase I CSA.xls 

32,501 

0 

71,193 

Page 1 of 1 

32,094 

0 

98,766 

0 

0 

12,980 

8,834 

0 

31,700 

11,397 

0 

23,858 

13,297 

0 

39,498 

23,213 

0 

52,067 

20,677 

0 

65,195 

-2,110 

0 

-17,713 

-10,714 

0 

-37,627 

32,501 

0 

68,400 

32,813 

0 

99,667 

0 

0 

61,882 

84,479 

0 

141,208 

9,649 

0 

20,587 

11,317 

0 

34,375 

25,137 

0 

52,594 

23,645 

0 

71,821 

-2,285 

0 

-66,663 

-86,628 

0 

-147,737 

65,002 

0 

139,593 

-4,395 

0 

-84,376 

64,907 

0 

198,433 

-97,342 

0 

-185,364 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
_ ~ ~ ~ ~ ~ _ _ _ _ ~ ~ ~ _ ~ _ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  ____---_______-___----------------_------------_-_------------------ 

Site: f l l  l 

Stratum: f l l  l skxtl fl11 

34588 9278 25309 (C) End area 

Site: f l l  r 

Stratum: f l l  r skxtl f l l  r 

49706 5886 43821 (C) End area 

Site: f121 

Stratum: fl2l skxt2 f121 

1 7361 6 33383 140233 (C) End area 

Site: f12r 

Stratum: fl2r skxt2 fl2r 

166766 44 140 122626 (C) End area 

Site: f131 

Stratum: fl3l skxt3 fl3l 

52609 

Site: f13r 

Stratum: fl3r skxt3 fl3r 

56086 1 1327 

Site: f141 

Stratum: fl4l skxt4 f141 

67527 1761 9 

Site: f14r 

Stratum: f14r skxt4 f14r 

45234 29548 

39477 (C) End area 

44759 (C) End area 

49907 (C) End area 

15685 (C) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 

Site: ff I l 

Stratum: f f l l  skxtl f f l l  

35389 8974 26415 (C) End area 

Site: f f l  r 

Stratum: f f l r  skxtl f f l r  

50303 12938 37365 (C) End area 

Site: ff2l 

Stratum: ff2l skxt2 ff2l 

179593 49003 130590 (C) End area 

Site: ff2r 

Stratum: ff2r skxt2 ff2r 

178344 129039 49304 (C) End area 

Site: ff3l 

Stratum: ff3l skxt3 ff3l 

53049 100318 47269 (F) End area 

Site: ff3r 

Stratum: ff3r skxt3 ff3r 

59204 73633 14429 (F) End area 

Site: ff4l 

Stratum: ff4l skxt4 ff4l 

71854 32145 39709 (C) End area 

Site: ff4r 

Stratum: ff4r skxt4 ff4r 

48793 146341 97548 (F) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 

Site: ff5al 

Stratum: ff5al uwxtl ff5al 

39119 5974 33146 (C) End area 

Site: ff5bl 

Stratum: ff5bl uwxtl ff5bl 

6945 1099 5846 (C) End area 

Site: ff5cl 

Stratum: ff5cl uwxtl ff5cl 

6756 1540 521 6 (C) End area 

Site: ff5r 

Stratum: ff5r uwxtl ff5r 

44650 13941 30709 (C) End area 

Site: ff6al 

Stratum: ff6al uwxt2 ff6al 

9601 87 9514 (C) End area 

Site: ff6bl 

Stratum: ff6bl uwxt2 ff6bl 

10246 254 9992 (C) End area 

Site: ff6cl 

Stratum: ff6cl uwxt2 ff6cl 

51 351 49092 2259 (C) End area 

Site: ff6dl 

Stratum: ff6dl uwxt2 ff6dl 

21 550 370 21 180 (C) End area 



Site: ff6r 

Stratum: ff6r uwxt2 ff6r 

61 633 501 06 1 1527 (C) End area 

Site: ff7l 

Stratum: ft7l uwxt3 ff7l 

38995 671 39 28144 (F) End area 

Site: ff7r 

Stratum: ff7r uwxt3 ff7r 

36795 42428 5634 (F) End area 

Site: ff8al 

Stratum: ff8al phl eg ff8al 

1453 1 550 13981 (C) End area 

Site: ff8bl 

Stratum: ff8bl uwxt4 ff8bl 

15970 31 649 15680 (F) End area 

Site: ff8r 

Stratum: ff8r uwxt4 ff8r 

44549 21 568 22981 (C) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 

Site: f15al 

Stratum: fl5ar uwxtl f15al 

37739 10583 271 56 (C) End area 

Site: f15bl 

Stratum: fl5bl uwxtl fl5bl 

7003 1888 51 14 (C) End area 

Site: f15cl 

Stratum: f15cl uwxtl f15cl 

6353 2689 3664 (C) End area 

Site: f15r 

Stratum: fl5r uwxtl fl5r 

42360 15614 26746 (C) End area 

Site: f16al 

Stratum: fl6al uwxt2 fl6al 

9504 851 8654 (C) End area 

Site: f16bl 

Stratum: fl6bl uwxt2 fl6bl 

10427 825 9603 (C) End area 

Site: f16cl 

Stratum: f16cl uwxt2 f16cl 

50794 18273 32521 (C) End area 

Site: f16dl 

Stratum: f16dl uwxt2 f16dl 

21 262 1214 20048 (C) End area 



Site: f16r 

Stratum: f16r uwxt2 fl6r 

58222 28488 29734 (C) End area 

Site: f171 

Stratum: f171 uwxt3 fl7l 

38702 16080 22622 (C) End area 

Site: f17r 

Stratum: f17r uwxt3 f17r 

3664 1 131 04 23537 (C) End area 

Site: f18al 

Stratum: f18al phleg fl8al 

1464 1 2719 1 1922 (C) End area 

Site: f18bl 

Stratum: fl8bl uwxt4 fl8bl 

16666 10001 6666 (C) End area 

Site: f18r 

Stratum: f18r uwxt4 fl8r 

44143 10068 34075 (C) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 
---- ---- 

Site: t f l  r 

Stratum: t f l  r skxtl t f l  r 

14284 81 78 6106 (C) End area 

Site: tf2ar 

Stratum: tf2ar skxt2 tf2ar 

45949 74349 28400 (F) End area 

Site: tf2br 

Stratum: tf2br skxt2 tf2br 

41 55 851 9 4364 (F) End area 

Site: tf2l 

Stratum: tf2l skxt2 tf2l 

1145 7703 6558 (F) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 
---- ---- 

Site: t l l r  

Stratum: t l l  r skxtl t l l r  

14210 2826 

Site: tl2ar 

Stratum: tl2ar skxt2 tl2ar 

451 26 19937 

1 1383 (C) End area 

25189 (C) End area 

Site: tl2br 

Stratum: tl2br skxt2 tl2br 

391 3 8206 4293 (F) End area 

Site: t121 

Stratum: t121 skxt2 t121 

1152 2796 1644 (F) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 

Site: tf6al 

Stratum: tf6al uwxt2 tf6al 

1 1633 3939 7693 (C) End area 

Site: tf6bl 

Stratum: tf6bl uwxt2 tf6bl 

2067 17186 151 18 (F) End area 

Site: tf6r 

Stratum: tf6r uwxt2 tf6r 

1491 2894 1404 (F) End area 

Site: tf7l 

Stratum: tf7l uwxt3 tf7l 

21 844 44403 22558 (F) End area 

Site: tf7r 

Stratum: tf7r uwxt3 tf7r 

4380 10264 5884 (F) End area 

Site: tf8r 

Stratum: tf8r uwxt4 tf8r 

2872 6904 4033 (F) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 
---- ---- 

Site: t16bl 

Stratum: t16bl uwxt2 t16bl 

1674 3734 2061 (F) End area 

Site: t161 

Stratum: t161 uwxt2 t161 

11474 241 3 9061 (C) End area 

Site: t16r 

Stratum: t16r uwxt2 t16r 

1400 2208 808 (F) End area 

Site: t171 

Stratum: t171 uwxt3 t171 

21417 13627 7789 (C) End area 

Site: t17r 

Stratum: t17r uwxt3 t17r 

4095 81 35 4040 (F) End area 

Site: t18r 

Stratum: t18r uwxt4 t18r 

2629 5776 3147 (F) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 

Site: sflr 

Stratum: sf1 r skxtl sf1 r 

14430 2706 1 1724 (C) End area 

Site: sf2ar 

Stratum: sf2ar skxt2 sf2ar 

72530 35297 

Site: sf2br 

Stratum: sf2br skxt2 sf2br 

73745 77947 

Site: sf21 

Stratum: sf21 skxt2 sf21 

56747 13306 

37233 (C) End area 

4202 (F) End area 

43441 (C) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 
---- ---- 

Site: s l l  r 

Stratum: sl lr skxtl sl lr 

14389 3118 1 1270 (C) End area 

Site: sl2ar 

Stratum: sl2ar skxt2 sl2ar 

71 246 17304 53942 (C) End area 

Site: sl2br 

Stratum: sl2br skxt2 sl2br 

72842 24606 48237 (C) End area 

Site: sl21 

Stratum: s121 skxt2 s121 

551 77 5739 49439 (C) End area 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... --_----------__-_--------------------__----------------------------- 
---- ---- 

Site: sf6al 

Stratum: sf6al uwxt2 sf6al 

8825 89 8737 (C) End area 

Site: sf6bl 

Stratum: sf6bl uwxt2 sf6bl 

9333 243 9089 (C) End area 

Site: sf6cl 

Stratum: sf6cl uwxt2 sf6cl 

48696 51 240 2544 (F) End area 

Site: sf6r 

Stratum: sf6r uwxt2 sf6r 

35899 56256 20357 (F) End area 

Site: sf71 

Stratum: sf71 uwxt3 sf71 

3281 3 76799 43987 (F) End area 

Site: sf7r 

Stratum: sf7 r uwxt3 sf7r 

54122 27505 26618 (C) End area 

UW-SH-FL.DOC 



Site Volume Table: Unadjusted 

Cut Fill Net 

yards yards yards Method 
.................................................................... .................................................................... 

Site: s16al 

Stratum: s16al uwxt2 s16al 

8905 775 81 30 (C) End area 

Site: s16bl 

Stratum: s16bl uwxt2 s16bl 

9527 836 8690 (C) End area 

Site: s16cl 

Stratum: s16cl uwxt2 s16cl 

48240 1 91 76 29063 (C) End area 

Site: s16r 

Stratum: s16r uwxt2 s16r 

38692 1 1800 26892 (C) End area 

Site: s17c 

Stratum: s17c uwxt3 s17c 

65001 5401 59600 (C) End area 

Site: s171 

Stratum: s171 uwxt3 st71 

32094 8031 24063 (C) End area 

Site: s17r 

Stratum: s17r uwxt3 s17r 

61 654 2525 59129 (C) End area 
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Phase 2 
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WMP - SC ASL WMP Model for Fut. Cond. Discharges 
River = RIVER-1 Reach = Reach-I RS = 21.99 
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Watercourse Master Plan - Skunk Creek Structural Alternative IOOyr Controlling 6/8/01 
RS = 25.56 
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Watercourse Master Plan - Skunk Creek Low Impact Structural At. 100-yr Controlling 4/20/01 
Modified geometry to include changes by RS = 17.06 
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Skunk Creek Walenrourre Master Plan 

SKUNK CREEK RIPRAP VOLUME - LEVEE OPTION 
TEAM ALTERNATIVE 

SC Emsion - Team-FSV-2.xls (Ripap Volume - Levee) 
6/5/01 

Repared Dy DEJ 



Sbnh C n e k  Watenoucse Master Man 
SKUNK CREEK R l P W  VOLUME - F l u  OPTION 

TEAM ALTERNATNE 

6/5/01 
DEJ 



1OWZMX)QSEZ 3AIlVNNU1V W W  
NOlldO 33A31- NIlNVnO MOWNV HSVM NWONOS 



SONORAN WASH ARMOR QUANTITY - LEVEE OPTION 
TEAM ALTERNATNE 2350-W024l1 

Skunk Cieek Watercourse Master Plan 

" AU hydraulic Panmeterr fmm HEGRAS WMP-UT.F~ (Watercame Mahr Plan-Unnamed Trib) Pmvided 4. Stantec 411.U2000. Wwst case hydmuks. 
TOP of Bank = WSE + super&wsim + 3' 
Minimum HECRAS Ekvatbn - H E W  w i n  Smur Depm - Anmring Depth 

'' CIS, = 0.001 'v~I(Y~~ ' K: 5)  Fmm FHWA HECII  p. 29 
Kt = (~-((sm~(meta)y(sd(phi))))~ 0.73 
theta = 1:2 SS = 26.6 degrees 
phj = angle of repose = 41 degrees 

Stability Fador Fmm FWHA HEG11 p. 31 
SbFe Lewth = ((Top of Bank - Toe Down)2 + ((Top of Bank - Toe Down) .2)')05 

'6 USER D~ fmm USGS WRI R-II m i 2 8  ~iiw sa 
DS = 0.0122 .v:- 
QuanW Used To Determine Layer and Gaban Th idms = Mia: DnRounded to Nearest l i 2  foot 

Layer Thkkms = T Dw(l' Minimum) 
Volume per Lengm = S b w  Lergth. Layer T h i i s  

Fmm COT p 9.03 
'* Fmm Z W  1995. Adjustmen& in riprap sizing (or2:l shie slopes. Ad-= 1.43.D- 
'" Gabion Bask& Thickness = 2/3 ' D,fmm COT 8.05 

MtWes of lg Gabion Thickness or 6.8, or 12' Rem Mathess Tludmes 
"O HeigM of Bank = Too of Bank - Toe Dorm 
"' CSA Cement = Volume of CSA' 7% 

oemiofcement-lsolbntJ 

Somran Emsion - Team-REV-2.xk (Riprap Volume - Levee) 
6/1/01 

DEJ 



Skunk Creek Watermune Mastw Plan 
SONORAN WASH ARMOR QUANTITY - F l u  OPTION 

TEAM ALTERNATIVE 

Somran Erosion - Team-REV-2.xls (Riprap Volume - FdI) 
6H101 

Prepared by DEJ 



Skunk Creek Watermume Master Plan 
SONORAN WASH ARMOR QUANTITY - FILL OPTION 

TEAM ALTERNATNE 

" All hydra& parameters from H E W  WMP-UT.pij (Wateraxme Masta Plan-Unnamed Trib) Pmvided by Stantec 4/14/2003. Wont case hydrauli!. 
Top of Bank = WSE + Superelevatan + 3' 

" Miihun H E W S  Elevatbn - H E M  Design Smur Depm - AmarLyl Depm 
' Dso= 0.001 .v~~/ (Y,"~*  K: 3 Fmm FHWA HECll  p. 29 

K, = ( I < ( S K I ~ ~ ) Y ( ~ ~ ~ ~ ~ ) ) ) ~ ~ =  0.73 
meta = 1 2  SS = 26.6degrees 
0i-d = mk of repme = 41 degrees 

Stabilitv Factor Fmm FWHA HEGII  D. 31 

3.050 8.4 7 2  1602.2 lMa.7 1588.8 1585.7 29.9 38.0 1.0 3.0 B9.7 114.0 0.0 0.0 0.0 15.2 18.0 44.8 57.0 0.0 0.0 0.0 9 13.4 120.3 17.0 153.0 0.0 0.0 0.0 0.0 0.0 0.0 

3.100 9.3 5.7 1W.4 1604.1 1591.5 1588.2 26.8 35.6 1.2 3.0 80.3 106.9 0.0 0.0 0.0 152 18.0 40.1 53.4 0.0 0.0 0.0 9 12.0 107.7 15.9 143.4 0.0 0.0 0.0 0.0 0.0 0.0 

3.150 ' 9.0 6.6 1805.7 1805.4 1591.4 1 1593.0 31.9 27.7 1 1.1 3.0 55.7 8 83.0 0.0 0.0 0.0 15.2 18.0 47.8 , 41.5 0.0 0.0 0.0 9 ' 14.3 128.4 12.4 111.3 0.0 0.0 0.0 0.0 0.0 0.0 

Sbpe ~ e w t h  = ((Top of Bark - Toe &in)' + ((Top of Bank - Toe Down) ' 2)?OS 
US8R D, from USGS WRI RemR 884128 Fmwe 38 

3.240 

3.310 

3.400 

3.460 

- 
D, = 0.0122 v.L06 
QmMy Used To Determine Layer and Gaban T h i i s  = Max D-Rounded ta Nearest li2 foot 

-e Layer Thickness = T D,(Iq Minimum) 

v o h m p e r ~ = S l o p e ~ * L a y e r m i c k n e s s  
* u S ~ i  Stabbn No. - Station No.) '5280 (L Bank + R Bank Volune per Ler@h)) 127 
n ~ s e d ~ ~ ~ ~ e t h o d o f 2 1 3 * ~ ~ 5 P w a h a l ' M n L n m ~ p e r F W A H E G l l T a b l e 5 ~ . 8 4  

Fmm COT p 9.03 
'* Fmm 1965. Adjustments h rprap shhlg for 2:1 side slopes. Adjuhlent = 1.43 ' D, 
'" Gab& BasketThkkmss = 2/3 *D,hm COT 9.05 

Muitiples of 18" G W n  TlMwss w 6.9, or IT Reno M- lb&nSs  
Hwrd of Bank = Top of Bank - Toe Down 

?' CSA M = Volume of CSA ' 7% 

9.7 

8.8 

9 2  

11.0 

Sonoran Emsion - Team_REV-2.xls (Riprap Volume - Fill) 
6/1/01 

Prepared by DEJ 
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0.0 
41W.9 

12.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

! i 0.0 

1 18477.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
~ ~ ~ ~ ~ - ~ p p  ~ 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

152 

15.2 

15.2 

15.2 

9 

9 

9 

8 

9 

9 

9 

9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

18.0 

18.0 

I 8.0 

18.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

12.3 

14.7 

12.6- 

12.0 

9.2 

8.8 

9.1 

10.7 

52.0 

48.9 

52.8 

59.9 

110.9 

132.4 

113.6 

108.3 

62.5 

79.3 

82.2 

96.7 

43.4 

42.4 

44.1 

502 

12.3 

14.7 

12.6 

12.0 

9.2 

8.6 

9.1 

10.7 

-~ 

110.9 

132.4 

113.6 

108.3 

82.5 

79.3 

822 

96.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9 

9 

9 

9 

15.5 

14.8 

15.7 

17.9 

139.5 

131.1 

141.6 

160.7 

12.9 

12.6 

13.2 

15.0 

116.5 

113.8 

118.4 

134.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 ' 



Skunk Creek Watercourse Master Plan 
SKUNK CREEK PROFILES -TEAM ALTERNATIVE 

2530-0002-001 

'I Top of Levee = HEC-RAS WSE + Superel. + 3'. Top of Fill = HEC-RAS WSE + Superel. + 1'. 
All hydraulic parameters from HEC-RAS wMP-uT.p~j (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 4/1012000. 
DEJ added encroachments from FEMA model and worse case hydraulics. 

" Left or Right Bank Design Scour Depth = ( H E M  General Scour + Anti-dune Trough Depth + Right or Left Bend Scour Depth) 1.3 
*4 Total Degredation = Design Scour Depth + Armoring Depth. Minimum 3' 
" Toe Down Elevation = Minimum HEC-RAS Elevation -Total Degredation 

Stationing 
ID (River 

miles) 

13.000 
13.020 
13.040 
13.080 
13.160 
13.280 
13.400 
13.550 
13.660 
13.860 
14.070 

14.300 
14.540 
14.740 
14.890 
15.060 
15.120 
15.220 
15.410 
15.550 
15.750 
15.890 
16.070 
16.190 
16.270 

16.490 
16.680 
16.860 
16.865 
16.870 
16.960 
17.060 

Right Bank 
Superelevati0 
n Freeboard 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0.9 
1.1 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

Maximum 
WSE (ft)" 

1525.7 
1526.2 
1530.4 
1531.2 
1531.6 
1533.7 
1538.0 
1542.9 
1548.0 
1555.8 
1564.9 

1574.6 
1582.8 
1591.5 
1596.4 
1603.0 
1605.2 
1610.2 
1618.4 
1623.0 
1630.0 
1635.4 
1644.0 
1648.8 
1652.8 

1661.8 
1669.5 
1681.0 

1686.4 
1687.3 

. 

Left Bank 
Superelevati0 
n Freeboard 

(ft) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0.4 
0.3 
0.4 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0.2 
0.9 

0 
0 

Left Bank 
Levee 

Option - Top 
of Bank 

Elevation 

(ft) * I  

1528.7 
1529.2 
1533.4 
1534.2 
1534.6 
1536.7 
1541.0 
1545.9 
1551.0 
1558.8 
1567.9 

1577.6 
1585.8 
1594.5 
1599.8 
1606.2 
1608.5 
1613.2 
1621.4 
1626.0 
1633.0 
1638.4 
1647.0 
1651.8 
1655.8 

1665.1 
1672.7 
1685.0 

1689.4 
1690.3 

Left Bank 
Fill Option - 
Top of Bank 

Elevation 

(ft)" 

1526.7 
1527.2 
1531.4 
1532.2 
1532.6 
1534.7 
1539.0 
1543.9 
1549.0 
1556.8 
1565.9 

1575.6 
1583.8 
1592.5 
1597.8 
1604.2 
1606.5 
1611.2 
1619.4 
1624.0 
1631.0 
1636.4 
1645.0 
1649.8 
1653.8 

1663.1 
1670.7 
1683.0 

1687.4 
1688.3 

Right Bank 
Levee 

Option - Top 
Of Bank 
Elevation 

(ft) ' 
1528.7 
1529.2 
1533.4 
1534.2 
1534.6 
1536.7 
1541.0 
1545.9 
1551.0 
1558.8 
1567.9 

1577.6 
1585.8 
1594.5 
1599.4 
1606.0 
1608.2 
1613.2 
1622.2 
1627.1 
1633.0 
1638.4 
1647.0 
1651.8 
1655.8 

1664.8 
1672.5 
1684.0 

1689.4 
1690.3 

Right Bank 
Fill Option . 

Top of 
Bank 

Elevation 

(ft)" 

1526.7 
1527.2 
1531.4 
1532.2 
1532.6 
1534.7 
1539.0 
1543.9 
1549.0 
1556.8 
1565.9 

1575.6 
1583.8 
1592.5 
1597.4 
1604.0 
1606.2 
1611.2 
1620.2 
1625.1 
1631.0 
1636.4 
1645.0 
1649.8 
1653.8 

1662.8 
1670.5 
1682.0 

1687.4 
1688.3 

HEC-RAS 
Minimum 
Elevation 

(ft)' 

1518.5 
1519.0 
1518.8 
1518.2 
1521.5 
1522.6 
1528.7 
1535.2 
1542.1 
1546.3 
1557.5 

1559.6 
1571.6 
1581.7 
1583.2 
1591.3 
1595.8 
1598.9 
1607.6 
1613.4 
1616.3 
1626.8 
1634.3 
1637.5 
1639.4 

1653.3 
1662.3 
1671.7 

1671.2 
1676.2 

~ ~ c - 6  
General 

Scour Depth 
(ft) 

0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 

0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 

Antidune 
Tmugh 

Depth (ft) 

3.2 
3.2 
0.4 
0.3 
0.4 
2.2 
0.8 
1.8 
0.7 
I .3 
1.1 

1.9 
2.4 
2.2 
2.6 
1.7 
2.3 

1 2.7 

Left Bank 
Bend Scour 
Depth, Z, 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0.7 
0.6 
0.5 
0 

0.2 
0.2 
0.3 
0.3 
0.4 
0.5 
0.5 

0.3 
0.2 
0.6 

0.6 
0.8 

0 
0 
0 
0 
0 
0 
0 

0.5 
0.4 
0.5 

0 
0 

1.9 
2.2 
1.7 
2.6 
2.4 
2.2 
2.8 

1.8 
1.2 
3.2 

0.8 
1.1 

Right Bank 
Bend Scour 
Depth, Z, 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

2.7 
2.5 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

Left Bank 
H E M  
Design 

Scour Depth 

(ft) " 
4.5 
4.5 
0.9 
0.8 
0.8 
3.1 
1.3 
2.6 
1.1 
1.8 
1.6 

2.6 
3.3 
3.0 
4.6 
3.3 
4.0 
3.7 
2.8 
3.1 
2.6 
3.9 
3.6 
3.4 
4.3 

3.3 
2.4 
5.6 

1.9 
2.4 

Right Bank 
H E M  
Design 

Scour Depth 

(ft) '3 

4.5 
4.5 
0.9 
0.8 
0.8 
3.1 
1.3 
2.6 
1.1 
1.8 
1.6 

2.6 
3.3 
3.0 
3.6 
2.5 
3.3 
3.7 
6.3 
6.3 
2.6 
3.9 
3.6 
3.4 
4.3 

2.8 
1.8 
4.9 

1.9 
2.4 

Depth to 
Armoring, yd 

(ft) 

2.5 
2.5 
0.8 
0.8 
0.9 
2.3 
1.1 
1.5 
0.6 
1.3 
1.4 

2.2 
2.2 
2.6 
3.0 
2.2 
2.6 
2.6 
2.0 
2.3 
2.0 
2.1 
2.8 
2.8 
4.4 

1.5 
1.2 
2.7 

1.2 
2.0 

Left Bank 
Total 

Degredeation 

(ft) " 

7.0 
7.0 
3.0 
3.0 
3.0 
5.5 
3.0 
4.1 
3.0 
3.2 
3.0 

4.8 
5.5 
5.6 
7.6 
5.5 
6.6 
6.3 
4.7 
5.4 
4.6 
6.0 
6.4 
6.2 
8.7 

4.8 
3.6 
8.3 

3.1 
4.4 

Right Bank 
Total 

Degredeation 

(ft) " 

7.0 
7.0 
3.0 
3.0 
3.0 
5.5 
3.0 
4.1 
3.0 
3.2 
3.0 

4.8 
5.5 
5.6 
6.6 
4.7 
5.9 
6.3 
8.3 
8.6 
4.6 
6.0 
6.4 
6.2 
8.7 

4.2 
3.0 
7.6 

3.1 
4.4 

Left Reach 
Average Total 
Degredation 

(ft) 

3.0 
3.0 
5.5 
3.4 
5.2 
4.8 
5.5 
5.2 

6.1 
4.6 
8.7 
6.1 
4.8 
3.6 
8.3 
5.6 

Right Reach 
Average Total 
Degredation 

(ft) 

3.0 
3.0 
5.5 
3.4 
5.2 
4.8 
5.5 
5.2 

6.2 
4.6 
8.7 
6.5 
4.2 
3.0 
7.6 
5.0 

HEC-RAS 
Min 

Elevation - 
10'(ft) 

1508.5 
1509.0 
1508.8 
1508.2 
1511.5 
1512.6 
1518.7 
1525.2 
1532.1 
1536.3 
1547.5 

1549.6 
1561.6 
1571.7 
1573.2 
1581.3 
1585.8 
1588.9 

Left Bank 
Toe l30wn 
Elevation 

(ft) 

151 1.5 
1512.0 
1515.8 
1515.2 
1518.5 
1517.1 
1525.7 
1531.1 
1539.1 
1543.1 
1554.5 

1554.8 
1566.1 
1576.1 
1575.6 
1585.8 
1589.2 
1592.6 

1597.6 
1603.4 
1606.3 
1616.8 
1624.3 
1627.5 
1629.4 

1643.3 
1652.3 
1661.7 

1661.2 
1666.2 

Right Bank 
Toe Down 
Elevation 

(ft)s 

1511.5 
1512.0 
1515.8 
1515.2 
1518.5 
1517.1 
1525.7 
1531.1 
1539.1 
1543.1 
1554.5 

1554.8 
1566.1 
1576.1 
1576.6 
1586.6 
1589.9 
1592.6 

1602.9 
1608.0 
1611.7 
1620.8 
1627.9 
1631.3 
1630.7 

1648.5 
1658.7 
1663.4 

1668.1 
1671.8 

1599.3 
1604.8 
1611.7 
1620.8 
1627.9 
1631.3 
1630.7 

1649.1 
1659.3 
1664.1 

1668.1 
1671.8 



- 

SKUNK CREEK SCOUR DEPTH - TEAM ALTERNATIVE 

Skunk Creek Watercourse Master Plan 

' All hydraulic parameters from H E M  WMP-SC.prj (Watercourse Master Plan-Skunk Creek) 
Provided by Stantec 411012000. Worst case hydraulics. 

2 General Scour Equation Fmm Zeller, 1981 (COT Drainage Design and FP Mgmt 6.09 and Fuller Report) 
Z, = Y,, . ( ( O . O S S ~ Y ~ ~ ~ ~ ~ ~ S : ~ ~ I )  

"When the general scour depth is negative (aggradation), the general scour component = 0 
" Extracted from Stantec HEC-6 analysis graphs. Interpolated from peak to peak Straight Line. 

Worst Case between Future and Existing Conditions. 
" Antidune scour depth from SLA, 1982 (COT 6.09 and Fuller Report) Z, = 0.0137 'v,' 

If Za > 0.5 Yh, then Za = 0.5 Yh 
'8 Bend S w r  Depth Fmm Zeller, 1981 (COT Drainage Design and FP Mgmt 6.11 and Fuller Report) 

Z, = ((0.0685 ' Y,, ' v , , , ~ . ~ ~ ( Y ~ ~ ~ s ~  3)) * ((2.1 (((sin2(alpha/2)) I (cos alpha))&')) -1) 
alpha = degree of bend 

7 &=1.3'(2,+Z,+Zb+&+Z;R) 

1.3 = Factor of Safety 
4, = Local Scour = 0 

& = Low Flow Thalweg Scour = 0 

'' 2, = 1.3 ' (HEC-6 Zg, + Z, + Gs + + &) Used to calculate toe down elevation 
'' Radius of Curve from Zeller 1981 (COT Drainage Design and FP Mgmt 6.1 1) 

r, I T = cos alpha I (4 sin2(alpha/2)) 

r, = Radius of Curve 
T = Full Floodway Width (As opposed to main channel widhth) 

'I0 chow's Simplified Method of Determining Superelevation (p.448) 
Also the preferred method in Maricopa Drainage and Design Manual (p. 6-20) 
h =  (V~*T)I (~ +rc) 
V = Full flwdway Velocity (As opposed to Main Channel Velocity) 

SC Erosion - Team-REL2.xls (Scour Calcs) 

~ i ~ h t  ~~~k 
Angle of 

Channel Bend 
in degrees 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
30 
30 
0 
0 
0 
0 
0 
0 
0 
0 

0 

Stationing ID 
(River Miles) 

13 
13.02 
13.04 
13.08 
13.16 
13.28 
13.4 
13.55 
13.66 
13.86 
14.07 
14.3 
14.54 
14.74 
14.89 
15.06 
15.12 
15.22 
15.41 
15.55 
15.75 
15.89 
16.07 
16.19 
16.27 
16.49 
16.68 
16.86 
16.865 
16.87 
16.96 

6/1/01 
Prepared by DEJ 

HEC-6 General 
Scour Depth, 

.4 

0.28 
0.28 
0.27 
0.27 
0.25 
0.23 
0.20 
0.18 
0.16 
0.12 
0.13 
0.14 
0.14 
0.15 
0.17 
0.19 
0.19 
0.19 
0.18 
0.18 
0.26 
0.34 
0.41 
0.47 
0.52 
0.33 
0.20 
0.58 

0.58 
0.76 

Left Bank 
Bend "Our 

Depth. Gs (ft) 
n 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.7 
0.6 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0.4 
0.5 

0 
0 

Antidune 
Trough 

Depth. Z= 

(ft) ' 5  

3.2 
3.2 
0.4 
0.3 
0.4 
2.2 
0.8 
1.8 
0.7 
1.3 
1.1 
1.9 
2.4 
2.2 
2.6 
1.7 
2.3 
2.7 
1.9 
2.2 
1.7 
2.6 
2.4 
2.2 
2.8 
I .8 
I .2 
3.2 

0.8 
1.1 

Design 
Discharge, 
Q (cfs) ' 

26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
27300 

27300 
27300 

Left Bank 
hgle of 
Channel 
Bend in 
degrees 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
20 
20 
0 
0 
0 
0 
0 
0 
0 
0 
20 
20 
20 

0 
-- 

0 

Right Bank 
Bend Scour 

(ft) '' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.7 
2.5 
0 
0 
0 
0 
0 
0 
0 
0 

0 
- 

0 

Maximum 
Depth Main 
Channel, 
Y,. (ft) 

7.18 
7.19 
12.34 
12.97 
10.13 
11.13 
11.17 
10.71 
7.75 
9.53 
7.43 
14.99 
11.22 
9.79 
13.2 
11.68 
9.76 
11.33 
10.78 
9.61 
13.66 
8.64 
9.71 
11.26 
13.41 
8.49 
8.15 
9.31 

15.18 
11.1 

Average 
Channel 

Velocity, Vm 

(fPS) 

15.21 
15.2 
5.73 
4.86 
5.07 
12.56 
7.72 
11.57 
7.09 
9.69 
8.92 
11.64 
13.22 
12.64 
13.87 
11.29 
13.08 
13.91 
11.93 
12.7 
11.23 
13.87 
13.2 
12.55 
14.29 
11.42 
9.42 
15.33 

7.87 
8.94 

Main Channel 
Hydraulic 

Depth, Y, (fl) 
7.17 
7.17 
9.71 
11.43 
7.98 
8.28 
5.89 
4.76 
3.67 
4.57 
4.65 
9.15 
7.03 
8.69 
9.28 
8.12 
7.08 
8.2 
7.52 
7.61 
9.19 
6.92 
8.15 
8.98 
10.04 
7.21 
6.17 
7.35 

11.66 
8.22 

FUII Flow 
Channel 
velocity 

15.2 
15.2 
5.0 
3.1 
3.5 
6.8 
4.8 
7.6 
5.4 
6.6 
5.5 
5.3 
9.3 
9.9 
9.9 
8.1 
9.9 
10.2 
9.4 
10.7 
8.2 
11.0 
9.5 
10.5 
9.8 
8.3 
7.4 
15.3 

7.9 
- 

8.4 

Energy 
Slope, S, 

0.00183 
0.00183 
0.00180 
0.00107 
0.00118 
0.00716 
0.00423 
0.01245 
0.00648 
0.00918 
0.00749 
0.00546 
0.00959 
0.00668 
0.00744 
0.00580 
0.009355 
0.008771 
0.007194 
0.007851 
0.00495 
0.010714 
0.007854 
0.006324 
0.007503 
0.006871 
0.005901 
0.012661 

0.001753 
0.003506 

FUII FIOW 

Top Width 
(ft) 

404.7 
404.8 
1518.0 
2754.0 
2321.0 
1912.0 
2096.6 
1587.8 
1961.7 
1559.8 
1933.4 
2211.3 
545.6 
552.2 
529.1 
766.9 
738.2 
607.9 
438.3 
531.6 
732.3 
477.1 
457.5 
487.4 
515.2 
631.1 
659.8 
242.1 

297:4 
456.0 

General 
Scour 

% 
(ft) ' '3 

5.9 
5.9 
-3.2 
-3.7 
-1.7 
-0.2 
-1.2 
-0.3 
-0.9 
-0.6 
-0.5 
-0.6 
0.0 
-0.1 
0.0 
-0.4 
-0.1 
0.0 
-0.3 
-0.1 
-0.5 
0.1 
0.0 
-0.2 
-0.1 
-0.2 
-0.6 
0.1 

-1.6 
-0.8 

Left Bank 
Radius of 

Cuwature, rc 
.9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4121.8 
5974.9 
5751.1 

0 
0 
0 
0 
0 
0 
0 
0 

4916.4 
5140.7 
1886.2 

0 ~ ~ - ~ ~ ~ ~ ~ ~ -  0 

Right Bank 
Radius of 

Curvature. rc 
-8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1416.7 
1718.0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

Left Bank 
Superelevation 
, del h (ft) "' 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.4 
0.3 
0.4 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0.2 
0.9 

0 
0 

Right Bank 
Superele~tion 
, del h (ft) ' l o  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.9 
1.1 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

Len Bank 
Design 
Scour 

Depth, & (R) 
'7 

11.8 
11.8 
0.6 
0.4 
0.5 
2.8 
1.1 
2.4 
0.9 
1.7 
1.4 
2.4 
3.1 
2.8 
4.4 
3.1 
3.7 
3.5 
2.5 
2.9 
2.2 
3.5 
3.1 
2.8 
3.6 
2.9 
2.1 
5.1 

1 .I 
1.4 

Nght Bank 
Design 
Scour 

Depth. & (ft) 
.'7 

11.8 
11.8 
0.6 
0.4 
0.5 
2.8 
1.1 
2.4 
0.9 
1.7 
1.4 
2.4 
3.1 
2.8 
3.5 
2.3 
3.0 
3.5 
6.1 
6.1 
2.2 
3.5 
3.1 
2.8 
3.6 
2.3 
1.6 
4.4 

1.1 
1.4 

Left Bank HEC. 
6 Design Scour 
Depth, 4 (R) " 

4.5 
4.5 
0.9 
0.8 
0.8 
3.1 
1.3 
2.6 
1.1 
I .8 
1.6 
2.6 
3.3 
3.0 
4.6 
3.3 
4.0 
3.7 
2.8 
3.1 
2.6 
3.9 
3.6 
3.4 
4.3 
3.3 
2.4 
5.6 

1.9 
2.4 

Right Bank 
~ ~ c - 6  ~~~i~~ 
Scour Depth, 

Z, (A) " 
4.5 
4.5 
0.9 
0.8 
0.8 
3.1 
1.3 
2.6 
1.1 
1.8 
I .6 
2.6 
3.3 
3.0 
3.6 
2.5 
3.3 
3.7 
6.3 
6.3 
2.6 
3.9 
3.6 
3.4 
4.3 
2.8 
1.8 
4.9 

1.9 
2.4 

Left Bank Average 
HEC-6 Design 
scour ~ ~ ~ t h  

Amrding to Fuller 
Reaches 

2.7 

Right Bank 
Average HEC-6 
~~~i~~ scour 

Depth ~ ~ ~ ~ d i ~ ~  to 
Fuller Reaches 

2.8 



Skunk Creek Watercourse Master Plan 
SKUNK CREEK DEPTH TO ARMORING - TEAM ALTERNATIVE 

2350-0002-001 

*' All hydraulic parameters from HEC-RAS WMP-UT.prj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 411 012000. Worst Case hydraulics profile plan. 
Hydraulic Parameters are From Main Channel Between Overbanks 

'3 Pebble Count Graph of Stantec and Fuller Sediment Analysis 
' 4  Unit Discharge, q = Velocity * Average Depth of Flow (V * d) 
*' First Attempt at Solving the Iterative Method 
'6 New Average Depth of Flow, dn =Assumed Depth to Armoring + Average Depth of Flow 

Vn = Unit Discharge I New Average Depth of Flow (V,, = q Id,) 
'8 M-PM Coefficient 

For DgO = 175 mm, M-PM, = 0.083 
-9 Meyer-Peter Muller Method for Determining Dc 

D, = M-PM, * (V:) 1 (dnO.') 

' O  Competent Bottom Velocity Equation From From USBR 'Computing Degradation and Local Scour' p.10 and Fuller Report 
D, = 1.88 * (v:) 

'̂I Shild's Method for Determining Dc 
D, = 0.262 * (V:) 1 (d,0.5) 

'12 Yang's Incipient Motion Equation From USBR 'Computing Degradation and Local Scour' p.14 and Fuller Report 
D, = 0.00659 * v2 

*13 ya = 2 * D, 

a 

m 

'14 

a yd = ya ((lidel p)-I) - Depth to Armoring not Reached when yd > 25' 

SC Erosion - Team-REV-2.xls (New Armoring Iterations) 
6/1/01 

DEJ 

New Average 
Depth of  low, 

dn (ft)  '6 

7.4 
7.3 
6.3 
8.5 
5.9 
10.1 
6.1 
5.6 
3.1 
5.5 
5.5 
11.0 
7.7 
9.8 
11.1 
8.8 
8.3 
9.7 
7.8 
8.4 
9.4 
9.1 
8.6 
11.1 

Thickness to 
Armoring 

Layer, Ya (mm) 
'13 

137.1 
137.0 
50.7 
44.3 
54.2 
117.3 
70.6 
93.6 
49.1 
82.1 
87.9 
1 13.2 
118.0 
129.4 
138.7 
11 6.3 
135.7 
129.1 
108.5 
120.8 
104.8 
98.5 
164.3 
118.0 

New Average 
Channel 

Velocity, Vn 

(PSI *' 

6.8 
6.9 
4.9 
5.0 
5.0 
6.9 
5.4 
5.8 
4.4 
5.7 
5.6 
6.8 
6.6 
6.9 
7.3 
6.6 
6.9 
7.0 
6.4 
6.7 
6.5 
6.2 
7.4 
6.9 

MPM 
Coefficient 

0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 

New Average 
Channel 

Velocit~, Vn 

(fPS) ' 
7.9 
7.9 
5.5 
5.6 
5.6 
7.9 
6.1 
6.6 
4.9 
6.3 
6.5 
7.9 
7.6 
8.1 
8.5 
7.7 
8.0 
8.1 
7.4 
7.7 
7.5 
7.3 
8.6 

-- 8.0 ppp 

220.8 
75.4 
82.4 
140.6 

66.5 
114.6 

M-PM Depth 
to Armoring, Yd 

(ft) -I4 

2.0 
2.0 
0.5 
0.4 
0.6 
1.8 
0.8 
1.2 
0.5 
1 .O 
1 .I 
1.6 
1.7 
1.9 
2.2 
1.6 
2.2 
1.9 
1.5 
1.8 
1.5 
1.6 
2.3 
2.0 

New Average 
Depth of Flow, 

dn (ft) " 
6.36 
6.35 
5.64 
7.66 
5.25 
8.81 
5.37 
4.87 
2.77 
4.87 
4.78 
9.52 
6.68 
8.35 
9.56 
7.58 
7.18 
8.36 
6.8 
7.25 
8.14 
7.75 
7.39 
9.57 

CBV Assumed 
Depth to 

Armoring (ft) *5 

2.9 
3.0 
1.2 
1.2 
1 2  
3.0 
1.5 
1.9 
0.7 
1.6 
1.8 
3.0 
2.7 
3.4 
3.7 
2.8 
3.2 
3.3 
2.5 
2.8 
2.7 
3.7 
2.7 
4.2 

Lompetent 
Bottom 

Velocity Armor 
Size, Dc (mm) 

'10 

87.1 
89.3 
45.7 
47.9 
47.4 
88.9 
55.4 
63.2 
36.3 
60.1 
60.0 
87.6 
81.1 
90.1 
100.6 
82.6 
90.7 
91.9 
77.5 
84.4 
78.7 
73.3 
102.3 
90.3 

0.3540 
0.3540 
0.3540 
0.3540 

0.3540 
0.3540 

M-p, Muller 
Individual 

Particle Size, 
D, (mm) " 

68.6 
68.5 
25.4 
22.1 
27.1 
58.6 
35.3 
46.8 
24.5 
41.1 
43.9 
56.6 
59.0 
64.7 
69.3 
58.2 
67.9 
64.6 
54.2 
60.4 
52.4 
49.3 
82.1 
59.0 

10.0 
6.5 
6.3 
8.0 

6.3 
1.2 

Percentage of 
Bed Material 

Larger than D, 

del p '3 

16.0 
16.0 
20.0 
20.0 
20.0 
16.0 
19.0 
18.0 
22.0 
19.0 
19.0 
16.0 
16.0 
15.0 
15.0 
16.0 
16.0 
15.0 
17.0 
16.0 
16.0 
15.0 
16.0 
14.0 

Percentage of 
Bed Material 

Larger than D ,  

del p 

18.0 
18.0 
25.0 
26.0 
24.0 
18.0 
23.0 
21 .O 
25.0 
21 .O 
21 .O 
19.0 
19.0 
18.0 
17.0 
19.0 
17.0 
18.0 
19.0 
18.0 
19.0 
17.0 
19.0 
16.0 

- - -ma l  
6.73 
4.5 
6.66 

7.26 
5.5 

Unit 
Discharge, q " 

50.1 
50.0 
31.3 
42.7 
29.4 
69.5 
32.9 
32.3 
13.5 
30.9 
30.9 
75.2 
50.4 
67.5 
80.9 
58.2 
57.5 
67.5 
50.1 
55.9 
61.1 
56.5 
63.4 
76.7 

Average 
Channel 

Velocity, V, 

(fps) '2 

11.23 
11.8 
6.1 
5.88 
6.32 
9.78 
7.21 
8.8 
5.69 
7.99 
8.41 
9.38 
10.13 
10.63 
10.99 
9.73 
1 1.32 
10.62 
9.45 
10.08 
9.06 
10.56 
10.76 
11.17 

14.0 
17.0 
20.0 
16.0 

18.0 
17.0 

110.4 
37.7 
41.2 
70.3 

33.2 
57.3 

MPM Assumed 
Depth to 

Artnoring (ft) *' 

1.9 
2.1 
0.5 
0.4 
0.6 
1.7 
0.8 
1.2 
0.4 
1 

1 .I 
1.5 
1.7 
2 

2.2 
1.6 
2.1 
2 
I .5 
1.7 
1.4 
2.4 
1.5 
2.7 

Stationing 
ID (River 

Miles) 

13 
13.02 
13.04 
13.08 
13.16 
13.28 
13.4 
13.55 
13.66 
13.86 
14.07 
14.3 
14.54 
14.74 
14.89 
15.06 
15.12 
15.22 
15.41 
15.55 
15.75 
15.89 
16.07 
16.19 

3.5 
I .I 
0.9 
2.3 

0.7 
1.6 

17.0 
19.0 
23.0 
17.0 

23.0 
19.0 

100.0 
43.8 
28.2 
53.3 

45.9 
39.8 

13.09 
8.38 
7.43 
1 1.95 

7 
10.21 

90% 
Particle 

Size, Dw 
(mrn)" 

175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 

2.4 
1.5 
0.7 
2.2 

0.7 
1.6 

Average 
Depth of 

Flow, d (ft) 
-1 2 

4.46 
4.3 
5.1 
7.26 
4.65 
7.1 1 
4.57 
3.67 
2.37 
3.87 
3.68 
8.02 
4.98 
6.35 
7.36 
5.98 
5.08 
6.36 
5.3 
5.55 
6.74 
5.35 
5.89 
6.87 

16.68 
16.86 
16.865 
16.87 
16.96 

ASL 
Reach 
Code 

4 
4 
4 
4 --- 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4.2 
2.4 
1.3 
3.2 

1.7 
2.4 

175 
175 
175 
175 

175 
1 / a  

~ ~ l l ~ ~  
Reach 
Code 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 -------- 

7.64 
5.23 
3.8 

4.46 

6.56 
3.9 

4 
4 
4 
4 

4 
4 

11.8 
7.6 
5.1 
7.7 

8.3 
6.3 

4 
4 
4 
4 

4 
4 

8.4 
5.7 
5.5 
7.0 

5.6 
6.3 

134.1 
62.0 
57.6 
91 .O 

58.1 
75.1 



Skunk Creek Watercourse Master Plan 
SKUNK CREEK DEPTH TO ARMORING - TEAM ALTERNATIVE 

*' All hydra 
Hydraulic 

Pebble Cc 
' Unit Disct 
" First Atte 
.6 New Ave 

Vn = Unit 
'' M-PM CC 

For D 
" Meyer-Pf 

D c = l  
'lo Compett 

D, = ' 
." Shild's A 

D,=(  
'12 Yang's II 

D, = ( 

SC Erosion - Team-REV-2.xls (New Armoring Iterations) 

7 

Stationing 
ID (River 

Miles) 

13 
13.02 
13.04 
13.08 
13.16 
13.28 
13.4 
13.55 
13.66 
13.86 
14.07 
14.3 
14.54 
14.74 
14.89 
15.06 
15.12 
15.22 
15.41 
15.55 
15.75 
15.89 
16.07 
16.19 
16.27 
16.49 
16.68 
16.86 
16.865 
16.87 
16.96 

6/1/01 
DEJ 

Thickness to 
kmoring 

Layer, Ya (mm) 
'1 3 

174.1 
178.7 
91.4 
95.7 
94.9 
177.9 
1 10.8 
126.4 
72.5 
120.2 
1 19.9 
175.2 
162.2 
180.2 
201.1 
165.1 
181.4 
183.8 
155.0 
168.8 
157.3 
146.5 
204.7 
180.7 
268.3 
124.1 
1 15.2 
182.0 

1 16.2 
150.2 

CBV Depth to 
kmoring, yd 

(ft) -14 

3.0 
3.1 
1.2 
1.3 
1.2 
3.1 
1.5 
1.9 
0.8 
1.7 
1.7 
3.0 
2.8 
3.4 
3.7 
2.8 
3.1 
3.4 
2.5 
2.9 
2.7 
2.7 
3.5 
3.6 
5.4 
2.0 
1.5 
3.1 

1.7 
, 2.4 

New Average 
Depth of Flow, 

dn (ft) *6 

6.1 
6.1 
5.4 
7.6 
5.1 
8.4 
5.2 
4.7 
2.7 
4.7 
4.6 
9.2 
6.4 
8.0 
9.2 
7.3 
6.8 
8.0 
6.5 
7.0 
7.8 
7.4 
7.1 
9.1 
9.5 
6.4 
4.3 
6.3 

7.1 
5.2 

Shield's 
Assumed 
Depth to 

Armoring (ft) '5  

1.6 
I .8 
0.3 
0.3 
0.4 
1.3 
0.6 
1 .O 
0.3 
0.8 
0.9 
1.2 
1.4 
1.6 
1.8 
1.3 
1.7 
1.6 
1.2 
1.4 ------ 
I .I 
2.0 
1.2 
2.2 
1.9 
1.2 
0.5 
1.8 

0.5 
1.3 

New Average 
Channel 

Velmity, Vn 

(fps) 
8.3 
8.3 
5.7 
5.6 
5.8 
8.3 
6.4 
6.9 
5.1 
6.6 
6.8 
8.2 
7.9 
8.5 
8.8 
8.0 
8.5 
8.5 
7.7 
8.0 
7.8 
7.7 
8.9 
8.5 
10.5 
6.8 
6.6 
8.5 

6.5 
7.7 

Shields Dc 
(mm) 'l 

60.1 
60.1 
21.3 
17.2 
23.0 
51.1 
29.8 
40.1 
20.7 
35.2 
37.8 
46.9 
51.3 
56.9 
59.6 
49.6 
61.4 
56.7 
47.0 
51.8 
44.2 
43.9 
70.3 
52.7 
97.7 
32.7 
35.8 
64.6 

27.1 
, 51.6 

Percentage of 
~ e d  Material 
Larger than 
D ,  del p '3 

18.5 
18.5 
26.0 
28.0 
26.0 
20.0 
24.0 
21 .O 
27.0 
22.0 
22.0 
20.0 
19.0 
19.0 
18.0 
20.0 
18.0 
19.0 
21 .O 
20.0 
21 .O 
18.0 
21 .O 
17.0 
18.0 
21 .O 
24.0 
18.0 

25.0 
, 20.0 

Thickness to 
kmoring 

Layer, Ya (mm) 
'1 3 

120.2 
120.1 
42.6 
34.3 
46.0 
102.1 
59.7 
80.2 
41.3 
70.4 
75.5 
93.7 
102.6 
113.8 
11 9.2 
99.2 
122.8 
113.5 
94.0 
103.7 
88.4 
87.8 
140.6 
105.4 
195.4 
65.4 
71.5 
129.2 

54.3 
103.2 

Shield's 
Depth to 

kmoring, Yd 
(ft) *I4 

1.7 
1.7 
0.4 
0.3 
0.4 
1.3 
0.6 
1 .O 
0.4 
0.8 
0.9 
1.2 
1.4 
1.6 
1.8 
1.3 
1.8 
1.6 
1.2 
1.4 
1 .I 
1.3 
1.7 
1.7 
2.9 
0.8 
0.7 
1.9 

0.5 
1.4 

New 
Average 
Depth of 

Flow, dn (ft) 
'6 

7.5 
7.5 
6.3 
8.6 
6.0 
10.2 
6.2 
5.6 
3.2 
5.7 
5.6 
11.2 
7.9 
9.9 
11.4 
9.0 
8.5 
9.9 
8.0 
8.5 ----------- 
9.5 
9.4 
8.8 
11.3 
12.0 
7.7 
5.2 
7.9 

8.4 
, 6.4 

Yang's 
Assumed 
Depth to 

Armoring (ft) 
'5 

3.0 
3.2 
1.2 
1.3 
1 3  
3.1 
1.6 
1.9 
0.8 
1.8 
I .9 
3.2 
2.9 
3.5 
4.0 
3.0 
3.4 
3.5 
2.7 
2.9 
2.8 
4 0 
2.9 
4.4 
4.4 
2.5 
1.4 
3.4 

1.8 
. 2.5 

New 
Average 
Channel 

Velocity, Vn 

(fPS) " 
6.7 
6.7 
4.9 
5.0 
4.9 
6.8 
5.3 
5.8 
4.3 
5.5 
5.5 
6.7 
6.4 
6.9 
7.1 
6.5 
6.8 
6.9 
6.3 
6.6 
6.4 
6.0 
7.2 
6.8 
8.3 
5.7 
5.4 
6.8 

5.5 
, 6.2 

Yang's 
lnclpient 

Motion, Dc (ft) 
*12 

0.297 
0.297 
0.160 
0.164 
0.161 
0.306 
0.188 
0.222 
0.119 
0.196 
0.203 
0.296 
0.270 
0.309 
0.334 
0.277 
0.303 
O.?iapp 
0.258 
0.289 
0.270 
0.241 
0.343 
0.306 
0.455 
0.212 
0.194 
0.303 

0.199 
, 0.255 

Yang's 
Incipient 

Motion, D, 
(mm) 
90.5 
90.4 
48.8 
50.0 
49.0 
93.2 
57.3 
67.5 
36.3 
59.7 
61.8 
90.3 
82.3 
94.3 
101.8 
84.3 
92.4 
94.3 
78.7 
88.0 
82.3 
73.3 
104.4 
93.1 
138.6 
64.6 
59.2 
92.4 

60.6 
, 77.8 

Percentage of 
Bed Material 

Larger than D ,  
del p 

16.0 
16.0 
20.0 
20.0 
20.0 
16.0 
19.0 
18.0 
22.0 
18.0 
18.0 
16.0 
16.0 
15.0 
14.0 
16.0 
15.0 
15.0 
16.0 
16.0 
16.0 
14.0 
16.0 
14.0 
14.0 
17.0 
20.0 
15.0 

18.0 
17.0 

Thickness to 
Armoring 

Layer, y, (mm) 
'1 3 

181 .I 
180.8 
97.6 
99.9 
98.0 
186.3 
114.6 
135.1 
72.7 
11 9.5 
123.6 
180.6 
164.6 
188.7 
203.7 
168.7 
184.7 
188.5 
157.5 
176.1 
164.6 
146.7 
208.8 
186.3 
277.2 
129.1 
118.4 
184.7 

121.2 
155.5 

Yang's Depth 
to kmoring, yd 

(ft) .I4 

3.1 
3.1 
1.3 
1.3 
I .3 
3.2 
1.6 
2.0 
0.8 
1.8 
1.8 
3.1 
2.8 
3.5 
4.1 
2.9 

3.4 ~ ~ ~~~~ 

3 . 5 1  
2.7 

--- 3.0 
2.8 
3.0 
3.6 
3.8 
5.6 
2.1 
1.6 
3.4 

1.8 
2.5 

Average ~ ~ ~ t h  
to Armoring for 
4 Methods (ft) 

2.5 
2.5 
0.8 
0.8 
0.9 
2.3 
1.1 
1.5 
0.6 
1.3 
1.4 
2.2 
2.2 
2.6 
3.0 
2.2 
- 2.6 

2.6 
2.0 
2.3 
2.0 
2.1 
2.8 - 
2.8 
4.4 
1.5 
1.2 
2.7 

1.2 
2.0 



SKUNK CREEK EQUILIBRIUM SLOPE CALCULATIONS - TEAM ALTERNATIVE 

Skunk Creek Watercourse Master Plan 

" From JEFM&G Report 
All hydraulic parameters from HEGRAS WMP-SC.pfj (Watercourse Master Plan-Skunk Creek) Future 10-year. Provided by Stantec 411012000. 
Hydraulic Parameters are From Main Channel Between Overbanks. 
Schokliich Equation for Zero Bedload Transport From USBR 'Computing Degradation and Local Scour' p.18 and Fuller Report 

s~=K*((D~*BIQ)")  
K = 0.00174 
DM = Mean Particle Diameter (mm) From JEF Report 
B = Channel Width (ft) = HEC-RAS Top of Channel Wdth 
Q = Flow Over Entire Cross Section 

Meyer-Peter, Muller Equation From USBR 'Computing Degradation and Local Scour' p.18 and Fuller Report 
SL = K * (WQB) ' ( ( n l ( ~ ~ ~ ' ~ ) ) '  ') * DM l d 
K = 0.19 
WQ8 = Total Flow Divided by Flow Over Bed of Channel = 1 in Wide Channels 
Dm = Particle Size (mm) For Which 90% of Material by Weight is Finer From JEF Report 
d = Mean Depth (ft) = HECRAS Hydraulic Depth Over Entire Cmss Section 

" Shield's Diagram Equation From USBR 'Computing Degradation and Local Scour' p.18-I9 and Fuller Report 
T. = T, I (gamma, - gamma,.,) * Dm 
T. = Dimensionless Shear Stress = 0.06 for parkles > I .Omm and R > 500 
T,= gamma,'d*S, 
gamma, = Specjfic Weight of Particle = 165 lb/ft3 
gamma, = Specific Weight of Water = 62.4 lb1ft3 
D50 Differs From DM. Shield's Particle Diameter Size Refers to Dm (Simons and Senturk p.172) 
Fuller used T = 0.055, M-P, Muller recommends T = 0.047. T = 0.06 is generally accepted in completely rough boundary (Simons and Senturk, P. 387) 

-6 U. = Shear Velocity = (g R ' s,)'~ or (~,J(gamma,Jg))~.~from USBR & Simons and Senturk, P. 78 & 384 
R = Hydraulic Radius = Mean Hydraulic Depth, d in wide channels 

" R' = U. ' DS0 I v to Determine if R* >500 
Dm in feet 

v = Kinematic Viscosity = 0.0000108 f?/sec 
When R. > 500 T = 0.06 on Shields Diagram 

'' (Min RAS Elev @ Beginning Sta. - Min RAS Elev @ Ending Sta.)l((Beginning Sta. No. - Ending Sta. No.) * 5280) 
Altered if slope did not tit existing profile. 

" Height of Drop I (invert Slope - Equilibrium Slope) 

6/1/01 
Prepared by DEJ 

a Height of Drop Between Structures = 5' 

SC Erosion - Team-REV-2.xls (Equilibrium Slope) 



SONORAN WASH PROFILES - TEAM ALTERNATIVE 
Skunk Creek Watercourse Master Plan 

" Top of Levee = HEC-RAS WSE + Superel. + 3'. Top of Fill = HEC-RAS WSE + Superel. + 1'. 
" All hydraulic parameters from HEC-RAS WMP-UT.prj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 4/14/2000. 

Worst case hydraulics. 
Len or Right Bank Design Scour Depth = ( H E M  General Scour + Antidune Trough Depth + Right or Left Bend Scour Depth) * 1.3 

'4 Total Degredation = Design Scour Depth + Armoring Depth. Minimum 3' 
" Toe Down Elevation = Minimum HEC-RAS Elevation - Total Degredation 

Sonoran Erosion - Team-REV-2.xls (Profiles) 
6/1/01 

Prepared by DEJ 

Left Bank 
Toe Down 

Elevation (ft) 
5 

1512.7 
1515.1 
1514.8 
1514.5 
1517.2 
1517.9 
1520.5 
1524.0 
1521.5 
1527.3 
1527.6 
1528.5 
1531.4 
1533.6 
1533.2 
1534.5 
1537.8 
1537.8 
1540.9 
1541.1 
1545.7 
1545.3 
1553.3 
1555.5 
1554.5 
1557.6 
1560.1 
1561.9 
1565.0 
1564.4 
1566.7 
1566.4 
1570.5 
1571.4 
1572.1 
1578.8 
1581.0 
1582.3 
1586.5 
1586.4 
1588.8 
1591.5 
1591.4 
1593.4 
1597.3 
1598.8 
1598.4 
1606.9 
1606.7 
1610.9 
1612.5 
1615.9 
1617.1 
1618.0 
1618.6 

Left Bank 
Total 

Degredeation 

(ft) .4 
5.8 
3.0 
3.0 
3.0 
3.0 
3.7 
3.0 
3.0 
5.0 
3.0 
3.7 
3.0 
3.0 
3.1 
3.4 
4.9 
4.2 
5.2 
3.7 
4.5 
3.4 
5.7 
3.0 
3.0 
4.6 
3.0 
4.0 
3.0 
3.0 
4.4 
4.9 
7.2 
5.5 
5.1 
6.2 
3.0 
3.0 
4.4 
3.0 
4.5 
3.0 
3.0 
4.6 
5.3 
4.6 
5.3 
6.9 
3.0 
4.6 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

Right Bank 
Toe Ihwn 
Elevation 

(ft) ' 
1512.7 
1515.1 
1514.8 
1514.5 
1517.2 
1517.9 
1520.5 
1524.0 
1521.5 
1527.3 
1527.6 
1528.5 
1531.4 
1533.6 
1533.2 
1534.5 
1537.8 
1537.9 
1541.0 
1541.2 
1545.8 
1545.4 
1553.3 
1555.5 
1554.5 
1557.6 
1560.1 
1561.9 
1565.0 
1564.4 
1568.6 
1569.8 
1573.0 
1573.5 
1575.3 
1578.8 
1581.0 
1579.7 
1585.1 
1583.4 
1585.7 
1588.2 
1593.0 
1595.6 
1598.9 
1601.1 
1600.8 
1606.9 
1606.7 
1610.9 
1612.5 
1615.9 
1617.1 
1618.0 
1618.6 

H E M  
General 
Scour 

Depth (ft) 
0.0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0. I 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.4 
0.5 
0.4 
0.3 
0.2 
0.1 
0.1 
0. I 
0.1 
0.2 

HEC-RAS 
Min 

Elevation - 
l V  (ft) 
1508.5 
1508.1 
1507.8 
1507.5 
1510.2 
1511.6 
1513.5 
151 7.0 
1516.5 
1520.3 
1521.3 
1521.5 
1524.4 
1526.7 
1526.6 
1529.4 
1532.0 
1533.0 
1534.6 
1535.6 
1539.1 
1541.0 
1546.3 
1548.5 
1549.1 
1550.6 
1554.1 
1554.9 
1558.0 
1558.8 
1561.6 
1563.6 
1566.0 
1566.5 
1568.3 
1571.8 
1574.0 
1576.8 
1579.5 
1580.8 
1581.8 
1584.5 
1586.0 
1588.7 
1591.9 
1594.1 
1595.3 
1599.9 
1601.3 
1603.9 
1605.5 
1608.9 
1610.1 
1611.0 
1611.6 

Right Bank 
Total 

Degredeation 

(ft) " 
5.8 
3.0 
3.0 
3.0 
3.0 
3.7 
3.0 
3.0 
5.0 
3.0 
3.7 
3.0 
3.0 
3.1 
3.4 
4.9 
4.2 
5.1 
3.6 
4.3 
3.3 
5.6 
3.0 
3.0 
4.6 
3.0 
4.0 
3.0 
3.0 
4.4 
3.0 
3.8 
3.0 
3.0 
3.0 
3.0 
3.0 
7.1 
4.4 
7.4 
6.1 
6.3 
3.0 
3.1 
3.0 
3.0 
4.4 
3.0 
4.6 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

Antidune 
Trough 

Depth (ft) 
2.2 
0.4 
0.4 
0.3 
0.5 
1 .O 
0.7 
0.9 
1.4 
0.7 
1.1 
0.6 
0.9 
1 .O 
1 .O 
1.5 
1.3 
1.5 
1 .O 
1.2 
0.9 
1.5 
0.6 
0.8 
1.8 
0.7 
1.6 
1 .O 
0.6 
1.7 
0.5 
1.4 
1 .O 

-- 0.6 
1.3 
1.1 
0.9 
1.9 
0.8 
1.9 
1 .O 
1.2 
1.1 
1.3 
I .I 
1 .I 
1.7 
0.9 
1.8 
0.7 
0.3 
0.4 
0.6 
0.9 
1.1 

HEC-RAS 
Minimum 

Elevation (ft) 

1518.5 
1518.1 
1517.8 
1517.5 
1520.2 
1521.6 
1523.5 
1527.0 
1526.5 
1530.3 
1531.3 
1531.5 
1534.4 
1536.7 
1536.6 
1539.4 
1542.0 
1543.0 
1544.6 
1545.6 
1549.1 
1551.0 
1556.3 
1558.5 
1559.1 
1560.6 
1564.1 
1564.9 
1568.0 
1568.8 
1571.6 
1573.6 
1576.0 
1576.5 
1578.3 
1581.8 
1584.0 
1586.8 
1589.5 
1590.8 
1591.8 
1594.5 
1596.0 
1598.7 
1601.9 
1604.1 
1605.3 
1609.9 
161 1.3 
1613.9 
1615.5 
1618.9 
1620.1 
1621.0 
1621.6 

Right Bank 
HECB 
Design 

Scour Depth 

(ft) '3 

2.9 
0.6 
0.6 
0.5 
0.7 
1.4 
1 .O 
1.2 
2.0 
1 .O 
1.6 
0.9 
1.2 
1.4 
1.5 
2.1 
1.8 
2.2 
1.5 
1.9 
1.4 
2.2 
1.1 
1.5 
2.8 
1.3 
2.5 
1.9 
1.2 
2.7 
1.1 
2.1 
1.6 
1.1 
2.0 
1.8 
1.4 
5.5 
3.8 
5.7 
5.3 
5.1 
1.6 
1.9 
1.6 
2.0 
2.8 
1.7 
2.7 
I .2 
0.5 
0.6 
1 .O 
I .3 
1.6 

Right Bank 
Fill Option - 
Top of Bank 
Elevation (ft) 

1 

1524.4 
1528.4 
1528.9 
1529.4 
1529.5 
1529.9 
1532.0 
1534.0 
1536.9 
1538.9 
1540.6 
1541.9 
1542.7 
1543.9 
1545.0 
1548.2 
1551.2 
1554.3 
1556.4 
1557.5 
1559.7 
1561.4 
1564.3 
1566.7 
1568.7 
1571.0 
1573.0 
1575.9 
1577.8 
1578.9 
1581.6 
1582.6 
1585.0 
1586.4 
15872 

1589.1 

Left Reach 
Average 

Total 
DegMation 

(fi) 

3.0 
3.0 
5.0 
3.3 

3.7 
3.0 
5.2 
3.9 

4.2 
3.0 
7.2 
4.2 

3.0 
3.0 
6.9 
3.9 

Dynamic 
Depth to 

Anoring, y, 
(ft) 
3.0 
0.9 
0.9 
0.6 
I .O 
2.3 
1.1 
1.4 
3.0 
1.2 
2.1 
1 .O 
1.6 
1.7 
1.9 
2.8 
2.4 
2.9 
2.1 
2.5 
1.9 
3.3 
0.4 
0.9 
1.8 
0.6 
1.5 
0.8 
0.6 
1.7 
0.4 
1.7 
0.7 
0.5 
0.9 
I .I 
0.6 
1.6 
0.5 
1.7 
0.8 
1.2 
0.9 
1.3 
0.9 
1 .O 
1.6 
0.7 
1.8 
0.6 
0.2 
0.3 
0.5 
0.7 
0.9 

Left Bank 
Bend Scour 
Depth, 2, 

(ft) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0.1 
0. I 
0.1 
0.1 
0.1 
0 
0 
0 
0 
0 
0 
0 

2.7 
2.6 
2.5 
2.6 
2.5 
0 
0 
0 
0 
0 
0 
0 

1.6 
1.7 
1.6 
1.7 
I .9 
0 
0 
0 
0 
0 
0 
0 
0 

Left Bank 
Fill Option - 
Top of Bank 
Elevation (ft) 

1 

1524.4 
1528.4 
1528.9 
1529.4 
1529.5 
1529.9 
1532.0 
1534.0 
1536.9 
1538.9 
1540.6 
1541.9 
1542.7 
1543.9 
1545.0 
1548.2 
1551.2 
1554.4 
1556.5 
1557.6 
1559.8 
1561.4 
1564.3 
1566.7 
1568.7 
1571.0 
1573.0 
1575.9 
1577.8 
1578.9 
1581.9 
1583.1 
1585.4 
1586.7 

1589.1 

Right Reach 
Average 

Total 
DegMation 

6 )  

3.0 
3.0 
5.0 
3.3 

3.6 
3.0 
5.1 
3.8 

3.0 
3.0 
7.4 
3.9 

3.0 
3.0 
6.3 
3.6 

Right Bank 
Bend Scour 
Depth, Z, 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.0 
2.0 
2.3 
2.9 
2.6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Left Bank 
Levee 

Option - Top 
of Bank 

Elevation (ft) 
" 

1526.4 
1530.4 
1530.9 
1531.4 
1531.5 
1531.9 
1534.0 
1536.0 
1538.9 
1540.9 
1542.6 
1543.9 
1544.7 
1545.9 
1547.0 
1550.2 
1553.2 
1556.4 
1558.5 
1559.6 
1561.8 
1563.4 
1566.3 
1568.7 
1570.7 
1573.0 
1575.0 
1577.9 
1579.8 
1580.9 
1583.9 
1585.1 
1587.4 
1588.7 

1591.1 

Stationing 
ID (River 

miles) 

0.520 
0.570 
0.660 
0.730 
0.770 
0.820 
0.920 
1.000 
1.090 
1.150 
1.210 
1.250 
1.290 
1.330 
1.380 
1.480 
1.560 
1.650 
1.720 
1.770 
1.840 
1.900 
1.990 
2.080 
2.130 
2.190 
2.280 
2.350 
2.410 
2.460 
2.520 
2.580 
2.640 
2.690 
2.730 
2.770 
2.840 
2.880 
2.930 
2.970 
3.050 
3.100 
3.150 
3.240 
3.310 
3.400 
3.460 
3.540 
3.610 
3.650 
3.700 
3.730 
3.760 
3.790 
3.840 
3.850 

Left Bank 
H E M  
Design 

Scour Depth 
(ft) 

2.9 
0.6 
0.6 
0.5 
0.7 
1.4 
1 .O 
1.2 
2.0 
I .O 
1.6 
0.9 
1.2 
1.4 
1.5 
2.1 
1.8 
2.3 
1.6 
2.0 
1.5 
2.3 
1.2 
1.5 
2.8 
1.3 
2.5 
1.9 
1.2 
2.7 
4.5 
5.5 
4.8 
4.5 
5.3 
1.8 
1.4 
2.8 
1.3 
2.8 
1.5 
1.8 
3.7 
4.1 
3.8 
4.2 
5.2 
1.7 
2.7 
1.2 
0.5 
0.6 
1 .O 
1.3 
1.6 

Right Bank 
Levee 

Option -Top 
of Bank 

Elevation (ft) 
1 

1526.4 
1530.4 
1530.9 
1531.4 
1531.5 
1531.9 
1534.0 
1536.0 
1538.9 
1540.9 
1542.6 
1543.9 
1544.7 
1545.9 
1547.0 
1550.2 
1553.2 
1556.3 
1558.4 
1559.5 
1561.7 
1563.4 
1566.3 
1568.7 
1570.7 
1573.0 
1575.0 
1577.9 
1579.8 
1580.9 
1583.6 
1584.6 
1587.0 
1588.4 

1591.1 

Left Bank 
Superelevation 
Freeboard (ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0.1 

& I  --- ~- 

0.1 
0.1 
0.1 
0 
0 
0 
0 ----- 
0 
0 
0 

0.3 
0.5 
0.4 
0.2 
0.6 
0 

- 

Maximum 
WSE (ft) 

1523.4 
1527.4 
1527.9 
1528.4 
1528.5 
1528.9 
1531.0 
1533.0 
1535.9 
1537.9 
1539.6 
1540.9 
1541.7 
1542.9 
1544.0 
1547.2 
1550.2 
1553.3 
1555.4 
1556.5 
1558.7 
1560.4 
1563.3 
1565.7 
1567.7 
1570.0 
1572.0 
1574.9 
1576.8 
1577.9 
1580.6 
1581.6 
1584.0 
1585.4 
1586.2 
1588.1 

1593.9 
1595.8 
1598.9 
1600.5 
1604.2 
1605.4 
1607.7 
1610.9 
1613.9 
1616.6 
1618.3 
1621.2 
1623.5 
1625.5 
1626.6 
1627.1 
1627.9 
1629.1 
1631.3 

Right Bank 
Superelevation 
Freeboard (ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 5 8 9 . 7  0 
0 

1590.9 
1592.8 
1595.9 
1597.5 
1601.2 
1602.4 
1604.4 
1607.5 
1610.5 
1613.3 
1614.8 
1618.2 
1620.5 
1622.5 
1623.6 
1624.1 
1624.9 
1626.1 
1628.3 

1593.9 
1596.6 
1599.3 
1601.3 
1604.7 
1606.1 
1607.4 
1610.5 
1613.5 
1616.3 
1617.8 
1621.2 
1623.5 
1625.5 
1626.6 
1627.1 
1627.9 
1629.1 
1631.3 

0 
0 
0 
0 
0 
0 

0.3 
0.4 
0.3 
0.3 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0.8 
0.4 
0.7 
0.5 -------- 
0.7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1591.9 
1593.8 
1596.9 
1598.5 
1602.2 
1603.4 
1605.7 
1608.9 
1611.9 
1614.6 
1616.3 
1619.2 
1621.5 
1623.5 
1624.6 
1625.1 
1625.9 
1627.1 
1629.3 

1591.9 
1594.6 
1597.3 
1599.3 
1602.7 
1604.1 
1605.4 
1608.5 
1611.5 
1614.3 
1615.8 
1619.2 
1621.5 
1623.5 
1624.6 
1625.1 
1625.9 
1627.1 
1629.3 





Skunk Creek Watercourse Master Plan 

SONORAN WASH LONG TERM ARMORING DEPTH - DYNAMIC METHOD 
TEAM ALTERNATIVE 

" All hydraulic parameters from HEGRAS WMP-UT.pd (Waternurse Master Plan-Unnamed Trib) Provided by Stantec 4/14/2000. Worst Case hydraulics profile plan. 
? Hydraulic Parameters are From Main Channel Between Overbanks 

Pebble Count Graph of Stantec and Fuller Sediment Analysis 
' Unit Discharge, q = Velocity ' Average Depth of flow (V d) 
" First Attempt at Solving the Iterative Method 
a New Average Depth of Flow, d, =Assumed Depth to Armoring +Average Depth of Flow 
" V, = Unit Discharge I New Average Depth of Flow (V, = q Id,) 

'' M-PM Coefficient 
For D, = 175 mm. M-PM, = 0.083 

Meyer-Peter Mulier Method for Determining Dc 
D. = M-PM, ' (V:) I (d.0.$) 

"O Competent Bottom Velodty Equation From From USBR 'Computing Degradation and Local Scour' p.10 and Fuller Report 
D,= 1.88'01.2) 

"I Shild's Method for Determining Dc 
D. = 0.262 * (V:) 1 (d: 

'I2 Yang's Incipient Motion Equation From USBR 'Computing Degradation and Local Scour' p.14 and Fuller Report 
0. = 0.00659 ' vZ 

@ ::: ya=2*D, yd = ya ((lldel p)-1) - Depth to Armoring not Reached when y, > 25' 

Sonoran Erosion - Team-REV-2.xls (New Armoring Iterations) 
611101 

DEJ 



SONORAN WASH LONG TERM ARMORING DEPTH - DYNAMIC METHOD 
TEAM ALTERNATIVE 

Skunk Creek Watercoune Master Plan 

" All hydra1 
Hydraulic 

" Pebble Cc 
' Unit Disd- 

First Atte~ 
" New Ava 

V,, = Unit 

'' M-PM CC 
For D 

Meyer-PC 
D,=I 

'O Competc 
D. = ' 

"' Shild's b 
Dc=(  

'I2 Yang's Ir 

Sonoran Erosion - Tearn-REU.xls (New Arrnoring Iterations) 

6/1/01 
DEJ 



UNNAMED WASH EQUILIBRIUM SLOPE CALCULATiONS - TEAM ALTERNATIVE 

Skunk Creek Watermme Master Plan 

" From JEFM&G Report 
~ l l  hydra& paameters from HEW WMP-UT.~ (watermrrrse Master plan-unnamed Trib). Pmvided by Stantec 411412000. 
Worst Case hydraulics pcofile. Hydraulic Pammten are Fmm Main Channel W e e n  Ovehanks. 

a Smokl i i  Equation for Zen Bedload Transport Frnm USBR 'Compufing Degradation and Local So& p.18 and Fuller R W  
&=K*((D.'B/Q)'~ 
K = O.MH74 
DM = Mean Partide Diameter (mm) Fmm JEF Repod 
B = Channel Width (R) = H E W  Top of C h a m l  Width 
Q = Flow Over Entire Cross S h n  

' Meyer-Peter, Mullet E q u M  Frnm USER 'Computing Degradatbn and Local Sox? p.18 and Fuller Report 
SL = K' (WQ) ' ((nl(~,"))'~) DM I d 

K =  0.19 
QIQs = Total Flow Divided by Flow Over Bed of Channel = 1 in Wide Channels 
Dm = Partick Sire (mm) For Which 90% of Material by Weight is Finer Fmm JEF Report 
d = Mean Deph (R) = HEGRAS Hydraulic Depth Over Entire Croa Se&n 

Shi iss Diagram E m o n  Frnm USER Computing Degradation and Local Scout p.1819 and Fuller Report 
T. = T. I (gammq - gamma.) ' DM 
T. = Dimensionless Shear Stress = 0.06 for partides > l.Omm and R > 92'2 
T.=gamma.'d'S, 
gammq = ~pedf lc  Weight of particle = 165 I& 
gamma. = S p d i c  Weight of Water = 62.4 lb/@ 
Fullw used T = 0.055, MP, Muiier reoommends T = 0.047. T = 0.06 is generally accepted in mmpletely rough boundary (Simm and Senturk, P. 387) 

U. = Shear Velocity = (g R ' SL)lR or (TJ(gammaJg))o.5fmm USBR & S i m m  and Senturk. P. 78 & 384 
R = Hydraulic Radius = Mean Hydraulic Depth, d in wide channels 

Re = U. ' Dso 1 v to Determine if R' >500 
0% in feet 
v = Kinematic Vimsity = 0.0000108 f?/sec 
When R. > 500 T = 0.06 on Shields Diagram 

a (Min RAS Eiev @ Beginning Sta. - Min RAS Elev @ Ending Sta.Y((Beginning Sta. No. - Ending Sta. No.) '5280) 
Altered if slope did not fit existing profile. 

* HeigM of Dmp I (Invert Slope - Equilibrium Slope) 
Height of Dmp Between Structures = 5' 

Sonoran Erosion - Team-REV-2.xls (Equilibrium Slope) 
6/1/01 

Prepared by DEJ 





Skunk Creek Waterwurse Master Plan 
SKUNK CREEK RIPRAP VOLUMES - FILL OPTION 

STRUCTURAL ALTERNATIVE 

SC Erosion Control-Structural-REV-2.xls (Riprap Volume - Fill) 
5/29/01 

DEJ 







Skunk Creek Watermum Master Plan 
SONORAN WASH ARMOR QUANTITY - FILL OPTION 

STRUCTURAL ALTERNATIVE 253MXX)2-001 

11440 22680 
3.050 8 6 8.1 1603.0 1603.7 1588.8 1585.4 31.9 41 0 1 .O 4.0 127.5 163.9 1321.8 2367.9 3689.7 19.6 21.0 55.8 71.7 578.3 1036.0 16142 9 14.3 128.3 1 18.3 165.0 13300 2362.7 3712.7 188.5 337.7 526.3 

11720 23070 1 
3.1M 10.4 6 2  1601.1 16052 1590.9 15872 29.7 40.4 1.5 4.0 118.8 161.7 1012.3 1616.6 2628.9 19.6 21.0 52.0 70.7 442.9 7072 1150.1 9 13.3 119.6 1 18.1 162.7 1018.7 1626.6 2645.3 144.4 230.6 375.0 
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Skunk Creek Waternure Master Plan 

SONORAN WASH ARMOR QUAWTY - F I U  OPTION 
STRUCTURAL ALTERNATIVE 

Sonoan Erosion Contml-Strudural-REV-2xk (Riprap Volume -Fill) 
6/1/01 

Prepared by MJ 



Skunk Creek Watercourse Master Plan 
SKUNK CREEK PROFILES - FULL STRUCTURAL ALTERNATIVE 

" Top of Levee = HEC-RAS WSE + Superel. + 3'. Top of Fill = HEGRAS WSE + Superel. + 1'. 
All hydraulic parameters from HEC-RAS WMP-UT.prj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 4/10/2000. 
DEJ added encroachments from FEMA model and worse case hydraulics. 

" Left or Right Bank Design Scour Depth = (HEC-6 General Scour + Anti-dune Trough Depth + Right or Left Bend Scour Depth) * 1.3 
*4 Total Degredation = Design Scour Depth + Armoring Depth. Minimum 3' 
" Toe Down Elevation = Minimum HEGRAS Elevation -Total Degredation 

SC Erosion Control-Structural-REV-2.xls (Profiles) 
5/29/01 

Prepared by DEJ 

Left Bank 
Total 

Degredeation 

(ft) " 

7.0 
7.0 
3.0 
3.0 
3.0 
5.4 
3.6 
3.2 
3.0 
3.0 
3.4 

6.1 
4.3 
6.7 
7.1 
6.3 
7.9 
5.1 
5.4 
6.8 
3.8 
7.7 
5.8 
7.1 
9.6 

4.5 
3.7 
7.7 

3.1 
4.1 

Left Bank 
HEC-6 
Design 

Scour Depth 

(ft) " 
4.5 
4.5 
1 .O 
0.8 
0.8 
3.1 
2.1 
1.8 
1.7 
1.6 
1.9 

3.1 
2.6 
3.8 
4.2 
4.0 
5.1 
2.6 
3.3 
4.1 
2.0 
4.7 
3.5 
4.0 
5.6 

2.8 
2.5 
5.3 

1.9 
2.4 

HEC-6 
General 

Scour Depth 
(ft) 

0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 

0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.4 
0.5 
0.5 

0.3 
0.2 
0.6 

0.6 
0.8 

HEC-RAS 
Min 

Elevation - 
10'(ft) 

1508.5 
1509.0 
1508.8 
1508.2 
1511.5 
1512.6 
1518.7 
1525.2 
1532.1 
1536.3 
1547.5 

1549.6 
1561.6 
1571.7 
1573.2 
1581.3 
1585.8 
1588.9 
1597.6 
1603.4 
1606.3 
1616.8 
1624.3 
1627.5 
1629.4 

1643.3 
1652.3 
1661.2 

1661.2 
1666.2 

Right Bank 
Total 

Degredeation 

(ft) '4 

7.0 
7.0 
3.0 
3.0 
3.0 
5.4 
3.6 
3.2 
3.0 
3.0 
3.4 

6.1 
4.3 
6.7 
6.1 
5.5 
7.2 
5.1 
8.8 
10.3 
3.8 
7.7 
5.8 
7.1 
9.6 

3.8 
3.1 
7.1 

3.1 
4.1 

Right Bank 
HEC-6 
Design 

Scour Depth 

(ft) '3 

4.5 
4.5 
1 .O 
0.8 
0.8 
3.1 
2.1 
1.8 
1.7 
1.6 
1.9 

3.1 
2.6 
3.8 
3.2 
3.2 
4.4 
2.6 
6.7 
7.6 
2.0 
4.7 
3.5 
4.0 
5.6 

2.1 
2.0 
4.6 

1.9 
2.4 

Right Bank 
Fill Option . 

Top of 
Bank 

Elevation 

(ft) " 

1526.7 
1527.2 
1531.4 
1532.2 
1532.6 
1534.7 
1540.2 
1545.4 
1549.8 
1557.9 
1566.0 

1576.6 
1585.3 
1593.1 
1599.2 
1604.7 
1606.7 
1612.3 
1620.3 
1626.4 
1632.7 
1637.8 
1646.4 
1651.0 
1655.0 

1665.1 
1670.6 
1681.4 

1687.4 
1688.4 

Antidune 
Trough 

Depth (ft) 

3.2 
3.2 
0.5 
0.3 
0.4 
2.2 
1.4 
1.2 
1.1 
1.1 
1.4 

2.2 
1.9 
2.8 
2.3 
2.3 
3.2 
1.8 
2.3 
3.0 
1.3 
3.3 
2.3 
2.6 
3.8 

1.3 
1.3 
3.0 

0.8 
1.1 

Depth to 
Arrnoring. y,, 

(ft) 

2.5 
2.5 
0.8 
0.8 
0.9 
2.3 
1.5 
1.4 
0.9 
1.1 
1.4 

3.0 
1.7 
2.9 
2.9 
2.3 
2.8 
2.5 
2.1 
2.7 
1.8 
3.1 
2.3 
3.1 
4.0 

1.7 
1.2 
2.5 

1.3 
1.7 

HEC-RAS 
Minimum 
Elevation 

(ft) 

1518.5 
1519.0 
1518.8 
1518.2 
1521.5 
1522.6 
1528.7 
1535.2 
1542.1 
1546.3 
1557.5 

1559.6 
1571.6 
1581.7 
1583.2 
1591.3 
1595.8 
1598.9 
1607.6 
1613.4 
1616.3 
1626.8 
1634.3 
1637.5 
1639.4 

1653.3 
1662.3 
1671.2 

1671.2 
1676.2 

Left Bank 
Levee 

Option - Top 
of Bank 
Elevation 

(ft) .I 

1528.7 
1529.2 
1533.4 
1534.2 
1534.6 
1536.7 
1542.2 
1547.4 
1551.8 
1559.9 
1568.0 

1578.6 
1587.3 
1595.1 
1601.6 
1607.1 
1609.4 
1614.3 
1621.3 
1626.6 
1634.7 
1639.8 
1648.4 
1653.0 
1657.0 

1667.3 
1672.8 
1684.3 

1689.4 
1690.4 

Right Bank 
Superelevati0 
n Freeboard 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

1 .O 
1.8 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

Stationing 
ID (River 

miles) 

13.000 
13.020 
13.040 
13.080 
13.160 
13.280 
13.400 
13.550 
13.660 
13.860 
14.070 

14.300 
14.540 
14.740 
14.890 
15.060 
15.120 
15.220 
15.410 
15.550 
15.750 
15.890 
16.070 
16.190 
16.270 

16.490 
16.680 
16.860 
16.865 
16.870 
16.960 
17.060 

Left Bank 
Bend Scour 
Depth, 2, 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0.8 
0.6 
0.6 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0.4 
0.5 

0 
0 

Left Reach 
Average Total 
Degredation 

(ft) 

3.0 ' 
3.0 
5.4 
3.4 
5.2 
4.3 
6.1 

, 5.2 ' 

6.8 
3.8 
9.6 
6.6 
4.5 
3.7 
7.7 
5.3 

Right Bank 
Levee 

Option - Top 
of Bank 
Elevation 

(ft) " 

1528.7 
1529.2 
1533.4 
1534.2 
1534.6 
1536.7 
1542.2 
1547.4 

- 

1551.8 
1559.9 
1568.0 

1578.6 
1587.3 
1595.1 
1601.2 
1606.7 
1608.7 
1614.3 
1622.3 
1628.4 
1634.7 
1639.8 
1648.4 
1653.0 
1657.0 

1667.1 
1672.6 
1683.4 

1689.4 
1690.4 

Maximum 
WSE (ft)' 

1525.7 
1526.2 
1530.4 
1531.2 
1531.6 
1533.7 
1539.2 
1544.4 --- 
1548.8 
1556.9 
1565.0 

1575.6 
1584.3 
1592.1 
1598.2 
1603.7 --- 
1605.7 
1611.3 
1618.3 
1623.6 
1631.7 
1636.8 
1645.4 
1650.0 
1654.0 

1664.1 
1669.6 
1680.4 

1686.4 
1687.4 

Left Bank 
Toe Down 
Elevation 

(ft) " 
1511.5 
1512.0 
1515.8 
1515.2 
1518.5 
1517.2 
1525.1 
1532.0 
1539.1 
1543.3 
1554.1 

1553.5 
1567.3 
1575.0 
1576.1 
1585.0 
1587.9 
1593.8 
1602.2 
1606.6 
1612.5 
1619.1 
1628.5 
1630.4 

. 1629.8 

1648.8 
1658.6 
1663.5 

1668.1 
1672.1 

Right Bank 
Bend Scour 
Depth, 4, 

(fi) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

2.7 
2.7 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

Right Reach 
Average Total 
Degredation 

(ft) 

3.0 
3.0 
5.4 
3.4 
5.2 
4.3 
6.1 
5.2 

6.9 
3.8 
10.3 
7.0 
3.8 
3.1 
7.1 
4.7 

Left Bank 
Fill Option - 
Top of Bank 

Elevation 

(ft) " 

1526.7 
1527.2 
1531.4 
1532.2 
1532.6 
1534.7 
1540.2 
1545.4 
1549.8 
1557.9 
1566.0 

1576.6 
1585.3 
1593.1 
1599.6 

~- - 1605.1 
1607.4 
1612.3 
1619.3 
1624.6 
1632.7 
1637.8 
1646.4 
1651.0 
1655.0 

1665.3 
1670.8 
1682.3 

1687.4 
1688.4 

Left Bank 
Superelevati0 ,-, Freeboard 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0.4 
0.4 
0.7 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0.2 
0.9 

0 
0 

Right Bank 
Toe Down 
Elevation 

(ft)- 

1511.5 
1512.0 
1515.8 
1515.2 
1518.5 
1517.2 
1525.1 
1532.0 
1539.1 
1543.3 
1554.1 

1553.5 
1567.3 
1575.0 
1577.1 
1585.8 
1588.6 
1593.8 
1598.8 
1603.1 
1612.5 
1619.1 
1628.5 
1630.4 
1629.8 

1649.5 
1659.2 
1664.1 

1668.1 
1672.1 





Skunk Creek Watercourse Master Plan 
SKUNK CREEK DEPTH TO ARMORING - FULL STRUCTURAL ALTERNATIVE 

" All hydraulic parameters from HECRAS WMP-UT.pj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 4110/2000. Worst Case hydraulics profile plan. 
'2 Hydraulic Parameters are From Main Channel Between Overbanks 
'3 Pebble Count Graph of Stantec and Fuller Sediment Analysis 
'4 Unit Discharge, q = Velocity * Average Depth of Flow (V * d) 
*' First Attempt at Solving the Iterative Method 
'6 New Average Depth of Flow, d, = Assumed Depth to Armoring + Average Depth of Flow 
'7 V, = Unit Discharge I New Average Depth of Flow (Vn = q Id,) 

" M-PM Coefficient 
For D, = 175 mm, M-PM, = 0..354 

*9 Meyer-Peter Muller Method for Determining Dc 
D, = M-PM, * fl) I (d:5) 

* lo  Competent Bottom Velocity Equation From From USBR 'Computing Degradation and Local Scour' p.10 and Fuller Report 
D, = 1.88 * (v:) 

'I1 Shild's Method for Determining Dc 
D, = 0.262 * (v:) I (dn0.5) 

'I2 Yang's Incipient Motion Equation From USBR 'Computing Degradation and Local Swur' p.14 and Fuller Report 
D, = 0.00659 * v2 

'1 3 ya = 2 * Dc 
'14 yd = ya * ((lldel p)-I) - Depth to Armoring not Reached when yd 25' 

Stationing 
ID (River 

Miles) 

13 
13.02 
13.04 
13.08 
13.16 
13.28 
13.4 
13.55 
13.66 
13.86 
14.07 
14.3 
14.54 
14.74 - 
14.89 
15.06 
15.12 
- 

15.22 
15.41 
15.55 
15.75 
15.89 
16.07 
16.19 
16.27 
16.49 
16.68 
16.86 
16.865 
16.87 
16.96 

SC Erosion Control~Structural~REV~2.xls (New Armoring Iterations) 1 

M-P, Muller 
Individual 

Particle Size, 
D, (mm) *' 

68.6 
68.0 
24.7 
22.3 
28.6 
58.3 
44.1 
44.0 
32.4 
35.8 
44.7 
69.0 
48.3 
71.3 vpp 69.7 
60.8 
70.3 
64.4 
57.3 
68.1 
47.2 
75.7 
61.3 
74.5 
85.9 
46.5 
36.4 
67.3 

35.7 
52.3 

6/1 I01 
DEJ 

ASL 
Reach 
Code 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

Percentage of 
Bed Material 

Larger than D ,  

del p *3 

18.0 
18.0 
25.0 
26.0 
24.0 
19.0 
21 .O 
21 .O 
23.0 
23.0 
21 .O 
17.0 
21 .O 
17.0 
18.0 
19.0 
17.0 
18.0 
19.0 
18.0 
20.0 
17.0 
18.0 
17.0 
16.0 
20.0 
22.0 
18.0 

23.0 
20.0 

Thickness to 
Armoring 

Layer, Ya (mm) 
'1 3 

137.1 
136.0 
49.4 
44.5 
57.1 
116.6 
88.2 
87.9 
64.9 
71.6 
89.4 
138.0 
96.6 
142.5 

121.6 
140.5 - ~ ~ ~ ~ ~ - - ~ ~ ~ ~  
128.7 
114.7 
136.3 
94.5 
151.5 
122.5 
148.9 
171.7 
93.1 
72.8 
134.6 

71.4 
104.7 

M-PM Depth 
to Armoring, Yd 

(ft) '4 

2.0 
2.0 
0.5 
0.4 
0.6 
1.6 
1 .I 
1 .I 
0.7 
0.8 
1 .I 
2.2 
1.2 
2.3 

- - -  2.1 
1.7 
2.3 
1.9 
1.6 
2.0 
1.2 
2.4 
I .8 
2.4 
3.0 
1.2 
0.8 
2.0 

0.8 
. 1.4 

~ ~ l l ~ ~  
Reach 
Code 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 - 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

Average 
Depth of 

Flow, d (ft) 
'1 '2 

4.46 
4.3 
5.2 
7.26 
4.67 
7.14 
4.62 
4.12 
2.56 
4.06 
3.8 
8.06 
5.51 
6.16 
7.48 
6.02 
5.17 
6.45 
5.22 
5.4 
6.99 
5.61 
6.36 
6.83 
8.16 
5.28 
3.86 
4.14 

6.43 
, 4.24 

Unit 
Discharge, q '4 

50.1 
50.0 
31.2 
42.8 
29.4 
68.8 
38.2 
33.5 
17.9 
29.5 
32.0 
87.7 
47.4 
70.8 
81.2 
60.3 
60.0 
66.4 
50.3 
60.6 
59.4 
67.8 
63.6 
79.5 
104.0 
45.0 
28.2 
47.8 

46.0 
39.0 

90% 
Particle 

Size, D90 

(mm)- 

175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
1 75 
175 
175 

175 
1 /5  

Average 
Channel 

Velocity, Vm 

(fps) " 

11.23 
11.7 
6.0 
5.89 
6 29 
9.63 
8.27 
8.14 
6.99 
7.26 
8.43 
10.88 
8.61 
1 1.49 

~~~~~ 

10.86 
10.02 
11.6 
10.3 
9.64 
1 1.22 
8.5 

12.08 
10 

11.64 
12.75 
8.52 
7.31 
11.54 

7.1 6 
, 9.19 

CBV Assumed 
- Depth to 
Armoring (ft) *' 

2.9 
3.0 
1.1 
1.2 
1.2 
3.0 
1.9 
1.8 
1 .I 
1.5 
1.8 
3.8 
2.2 
3.6 
3.7 
2.9 
3.4 
3.2 
2.6 
3.3 
2.4 
3.7 
3.0 
3.9 
5.1 
2.1 
1.4 
2.9 

1.7 
2.1 

MPM Assumed 
Depth to 

Armoring (ft) '5 

1.9 
2.1 
0.5 
0.4 
0.5 
1.6 
1 .I 
1 

0.7 
0.8 
1 .I 
2.2 
1.2 

-- 
2.3 

- 

2.1 
1.7 
2.2 
1.8 
1.5 
2.1 
1.2 
2.4 
1.7 
2.4 
3 

1.2 
0.8 
2 

0.7 
1.3 

Yew Average 
Depth of Flow, 

dn (ft) '6 

7.4 
7.3 
6.3 
8.5 
5.9 
10.1 
6.5 
5.9 
3.7 
5.6 
5.6 
11.9 
7.7 
9.8 
11.2 
8.9 
8.6 
9.7 
7.8 
8.7 
9.4 
9.3 
9.4 
10.7 
13.3 
7.4 
5.3 
7.0 

8.1 
6.3 

New Average 
Depth of FIOW, 

dn (ft) *' 
6.36 
6.37 
5.67 
7.66 
5.17 
8.74 
5.72 
5.12 
3.26 
4.86 
4.9 

10.26 
6.71 
8.46 -- 
9.58 
7.72 
7.37 
8.25 
6.72 
7.5 
8.19 
8.01 
8.06 
9.23 
11.16 
6.48 
4.66 
6.14 

7.13 
5.54 

New Average 
Channel 

Velocity. Vn 

( f~s )  '7 

6.8 
6.9 
5.0 
5.1 
5.0 
6.8 
5.9 
5.7 
4.9 
5.3 
5.7 
7.4 
6.2 
7.3 
7.3 
6.8 
7.0 
6.9 
6.4 
7.0 
6.3 
7.3 
6.8 
7.4 
7.8 
6.1 
5.4 
6.8 

5.7 
6.1 

New Average 
Channel 

Velocity, V, 

(PSI ̂ 7 

7.9 
7.9 
5.5 
5.6 
5.7 
7.9 
6.7 
6.6 
5.5 
6.1 
6.5 
8.5 
7.1 
8.4 
8.5 
7.8 
8.1 
8.1 
7.5 
8.1 
7.3 
8.5 
7.9 
8.6 
9.3 
6.9 
6.1 
7.8 

6.5 
I .O 

MPM 
Coefficient " 

0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 

0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 

0.3540 
0.3540 

Gompetent 
Bottom 

Velocity Armor 
Size, Dc (mm) 

'1 0 

87.1 
89.1 
46.5 
48.0 
47.1 
86.4 
64.6 
60.3 
44.9 
52.8 
61.5 
102.8 
71.2 
98.9 
99.3 
86.0 
92.1 
89.1 
77.8 
91.2 
75.3 
99.6 
86.8 
103.2 
115.7 
69.9 
54.1 
86.6 

60.3 
71 .O 

Percentage of 
Bed Material 

Larger than D ,  

del p '3 

16.0 
16.0 
21 .O 
20.0 
20.0 
16.0 
18.0 
18.0 
21 .O 
19.0 
18.0 
15.0 
17.0 
15 0 
15.0 
16.0 
15.0 
15.0 
16.0 
15.0 
17.0 
15.0 
16.0 
15.0 
13.0 
17.0 
19.0 
16.0 

18.0 
18.0 



Skunk Creek Watercourse Master Plan 
SKUNK CREEK DEPTH TO ARMORING - FULL STRUCTURAL ALTERNATIVE 

'I All hydra1 
Hydraulic 

'3 Pebble Cc 
O4 Unit Disct 
' 5  First Atte 
' 6  New Ave 
.7 V, = Unit 
" M-PM Cc 

For D 
Meyer-PC 

D,=f 
*I0 Competc 

D,='  
'" Shild's h 

D,=( 
*I2 Yangls II 

D,=( 
Î 3 y a = 2 * I  

SC Erosion Control-Structural-REV-2.xls (New Armoring Iterations) 
6/1/01 

DEJ 

13.28 172.9 3.0 1.3 8.4 8.1 48.8 20.0 97.5 1.3 3.1 10.2 6.7 0.297 90.6 16.0 181.1 3.1 2.3 
13.4 129.1 1.9 0.9 5.5 6.9 37.0 22.0 74.0 0.9 2.0 6.6 5.8 0.220 66.9 18.0 133.8 2.0 1.5 
13.55 120.7 1.8 0.8 4.9 6.8 37.4 22.0 74.8 0.9 I .9 6.0 5.6 0.205 62.3 18.0 124.7 1.9 1.4 
13.66 89.9 1 .I 0.5 3.1 5.8 30.0 24.0 59.9 0.6 1 .I 3.7 4.9 0.158 48.0 20.0 96.0 1.3 0.9 
13.86 105.7 1.5 0.6 4.7 6.3 30.7 24.0 61.4 0.6 1.5 5.6 5.3 0.185 56.5 19.0 112.9 1.6 1 .I 
14.07 123.0 1.8 0.9 4.7 6.8 38.3 22.0 76.5 0.9 1.9 5.7 5.6 0.208 63.4 18.0 126.9 1.9 1.4 
14.3 205.6 3.8 1.7 9.8 9.0 60.8 18.0 121.7 1.8 4.1 12.2 7.2 0.343 104.5 14.0 208.9 4.2 3.0 
14.54 142.4 2.3 0.9 6.4 7.4 42.0 21 .O 83.9 1 .O 2.3 7.8 6.1 0.243 74.1 17.0 148.2 2.4 1.7 
14.74 197.7 3.7 1.9 8.1 8.8 62.5 18.0 125.0 1.9 3 8  10.0 7.1 0.333 101.4 15.0 202.9 3.8 2.9 
14.89 198.5 3.7 1.7 9.2 8.8 59.9 18.0 119.8 1.8 3.9 11.4 7.1 0.336 102.3 14.0 204.7 4.1 2.9 
15.06 171.9 3.0 1.4 7.4 8.1 51.7 19.0 103.3 1.4 3.0 9.0 6.7 0.295 89.8 16.0 179.7 3.1 2.3 
15.12 184.1 3.4 1.8 7.0 8.6 63.2 ---------- 18.0 126.4 1.9 3.5 8.7 6.9 0.31 5 96.1 15.0 192.2 3.6 2.8 
15.22 178.2 3.3 1.5 8.0 8.4 54.2 19.0 108.5 1.5 3.4 9.9 6.7 0.300 91.4 15.0 182.7--- 3.4 2.5 
15.41 155.7 2.7 1.2 6.4 7.8 49.8 20.0 99.6 1.3 2.7 7.9 6.4 0.266 81 .I 16.0 162.2 2.8 2.1 
15.55 182.4 3.4 1.7 7.1 8.5 61.1 18.0 122.2 1.8 3.5 8.9 6.8 0.305 93.1 15.0 186.2 3.5 2.7 
15.75 150.5 2.4 0.9 7.9 7.5 39.8 22.0 79.7 0.9 2.5 9.5 6.3 0.258 78.7 17.0 157.5 2.5 1.8 
15.89 199.2 3.7 2.0 7.6 8.9 67.1 18.0 134.1 2.0 3.9 9.5 7.1 0.335 102.0 14.0 204.0 4.1 3.1 
16.07 173.6 3.0 1.4 7.8 8.2 51.8 19.0 103.6 1.4 3.1 9.5 6.7 0.298 90.8 16.0 181.6 3.1 2.3 
16.19 206.4 3.8 1.9 8.7 9.1 67.0 18.0 133.9 2.0 4.2 11.0 7.2 0.342 104.4 14.0 208.7 4.2 3.1 
16.27 231.5 5.1 2.4 10.6 9.9 77.1 17.0 154.2 2.5 5.2 13.4 7.8 0.400 121.8 13.0 243.6 5.3 4.0 
16.49 139.7 2.2 0.9 6.2 7.3 40.7 22.0 81.3 0.9 2.2 7.5 6.0 0.238 72.7 17.0 145.3 2.3 1.7 
16.68 108.2 1.5 0.6 4.5 6.3 31.4 23.0 62.8 0.7 1.5 5.4 5.3 0.183 55.7 19.0 11 1.3 1.6 1.2 
16.86 173.2 3.0 1.7 5.8 8.2 59.4 18.0 118.7 1.8 3.0 7.1 6.7 0.295 89.9 16.0 179.9 3.1 2.5 
16.865 
16.87 120.6 1.8 0.6 7.0 6.5 27.8 24.0 55.5 0.6 1.8 8.2 5.6 0.206 62.9 18.0 125.7 1.9 1.3 
16.96 142.0 2.1 I .I 5.3 7.3 . 44.1 , 21 .O 88.1 1.1 . 2.2 . 6.4 . 6.1 0.241 73.5 17.0 147.1 2.4 1.7 

Yang's 
Assumed 
Depth to 

Armoring (ft) 
4 

3.0 
3.2 
1.2 
1.3 
1 3  

Shields Dc 
(mm) '" 

60.1 
59.6 
20.7 
17.2 
22.6 

New Average 
Channel 

Veloci@, Vn 

(fps) 
8.3 
8.2 
5.7 
5.7 
5.8 

Stationing 
ID (River 

Miles) 

13 
13.02 
13.04 
13.08 
13.16 

Percentage of 
Bed Material 
Larger than 
D ,  del p *3 

18.5 
18.0 
26.5 
28.0 
26.0 

New 
Average 
Depth of 

Flow, d, (ft) 

7.5 
7.5 
6.4 
8.6 
6.0 

CBV Depth to 
Armoring, yd 

(ft) *I4 

3.0 
3.1 
1.1 
1.3 
1.2 

Thickness to 
Armoring 

Layer, y, (mm) 
^I3 

174.1 
178.2 
93.0 
96.1 
94.2 

New 
Average 
Channel 

Velocity, Vn 

(fP-9 '7 

6.7 
6.7 
4.9 
5.0 
4.9 

Yang's 
Incipient 

Motion, Dc (ft) 
- f2 

0.297 
0.296 
0.158 
0.164 
0.160 

Thickness to 
kmoring 

Layer, Ya (mm) 
'13 

120.2 
119.2 
41.5 
34.5 
45.3 

Shield's 
Assumed 
Depth to 

Armoring (ft) " 

1.6 
1.8 
0.3 
0.3 
0.4 

Shield's 
Depth to 

kmoring, Yd 

(ft) 'I4 

1.7 
1.8 
0.4 
0.3 
0.4 

Yang's 
Incipient 

Motion, D, 
(mm) 
90.5 
90.2 
48.1 
50.1 
48.6 

New Average 
Depth of F~OW, 

d, (ft) '6 

6.1 
6.1 
5.5 
7.6 
5.1 

Percentage of 
Bed Material 

Larger than D, 
del p " 

16.0 
16.0 
20.0 
20.0 
20.0 

Thickness to 
kmoring 

Layer, y, (mm) 
'13 

181.1 
180.3 
96.2 
100.3 
97.3 

Yang's Depth 
to kmoring, yd 

(ft) 

3.1 
3.1 
1.3 
1.3 
1.3 

Average Depth 
to ~~~~~i~~ for 
4 Methods (ft) 

2.5 
2.5 
0.8 
0.8 
0.9 



SKUNK CREEK EQUILIBRIUM SLOPE CALCULATIONS - FULL STRUCTURAL ALTERNATIVE 

Skunk Creek Waternurse Master Plan 

I " From JEFH&G Report 

" All hydraulic parameters from HEGRAS WMP-SC.prj (Watercourse Master Plan-Skunk Creek) Future 10-year. Provided by Stantec 4/1012000. 
Hydraulic Parameters are From Main Channel Between Overbanks. 

'3 Schokliich Equation for Zero Bedload Transport From USBR 'Computing Degradation and Local Scour' p.18 and Fuller Report 
SL = K * ((DM ' B I Q).") 
K = 0.00174 
DM = Mean Particle Diameter (mm) From JEF Report 
B = Channel Width (ft) = H E W  Top of Channel Width 
Q = Flow Over Entire Cross Section 

Meyer-Peter, Muller Equation From USBR 'Computing Degradation and Local Scour' p.18 and Fuller Report 
SL = K (O/Qe) ' ((n/(~,"))' ') * DM I d  

K = 0.19 
Q/QB = Total Flow Divided by Flow Over Bed of Channel = 1 in Wide Channels 

Dm = Particle Sue (mm) For Which 90% of Material by Weight is Finer From JEF Report 
d = Mean Depth (ft) = HECRAS Hydraulic Depth Over Entire Cross Section 

'' Shield's Diagram Equation From USBR 'Computing Degradation and Local Scour' p.18-19 and Fuller Report 
T. = T, / (gamma, - gamma) * D, 
T. = Dimensionless Shear Stress = 0.06 for particles > I .Omm and R z 500 

T, = gamma, d ' SL 

gamma, = Specific Weight of Particle = 165 lb/ft3 

gamma,,, = Specific Weight of Water = 62.4 lbm3 

D, Differs From DM. Shield's Particle Diameter Sue Refers to D, (Simons and Senturk p.172) 
Fuller used T = 0.055, M-P, Muller recommends T = 0.047. T = 0.06 is generally accepted in completely rough boundary (Simons and Senturk, P. 387) 

" U. = Shear Velocity = (g ' R ' s,)'" or ( ~ ~ ( g a m m a J ~ ) ) ~ ~ f r o m  USBR & Simons and Senturk. P. 78 & 384 
R = Hydraulic Radius = Mean Hydraulic Depth, d in wide channels 

-7 R* = U. * Dm I v to Determine if R* >500 

D, in feet 

v = Kinematic Viscosity = 0.0000108 elsec 
When R. > 500 T = 0.06 on Shields Diagram 

-8 (Min RAS Elev @ Beginning Sta. - Min RAS Elev @ Ending Sta.)l((Beginning Sta. No. - Ending Sta. No.) 5280) 
Altered if slope did not fit existing profile. 

-9 Height of Drop / (Invert Slope - Equilibrium Slope) 

a Height of Drop Between Structures = 5' 

SC Erosion Control-Structural-REV-2.xls (Equilibrium Slope) 
6/1/01 

Prepared by DEJ 



SONORAN WASH PROFILES - FULL STRUCTURAL ALTERNATIVE 
Skunk Creek Watercourse Master Plan 

" Top of Levee = HEC-RAS WSE + Superel. + 3'. Top of Fill = HEC-RAS WSE + Superel. + 1'. 
'Z All hydraulic parameters from HEC-RAS WMP-UT.p j (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 411 112000. 

Existing (Worst case) hydraulics. 
Left or Right Bank Design Scour Depth = (HEC-6 General Swur + Antidune Trough Depth + Right or Left Bend Swur Depth) * 1.3 

'4 Total Degredation = Design Scour Depth + Armoring Depth. Minimum 3' a -5 .3 

Toe Down Elevation = Minimum HEC-RAS Elevation -Total Degredation 

Sonoran Erosion Control-Structural-REV-2.xls (Profiles) 

6/1/01 
Prepared by DEJ 

Left Bank 
Toe Down 

Elevation (ft) 
.5 

1512.6 
1515.1 
1514.8 
1514.5 
1517.2 
1516.6 
1520.5 
1523.8 
1520.6 
1527.3 
1527.3 
1528.5 
1531.3 
1533.1 
1532.5 
1533.7 
1538.1 
1536.4 
1540.6 
1541.0 
1546.1 
1544.6 
1553.3 
1555.5 
1555.3 
1557.6 
1559.2 
1561.9 
1565.0 
1563.3 
1566.4 
1566.1 
1569.8 
1571.5 
1571.3 
1578.0 
1581.0 
1581.5 
1586.5 
1585.3 
1588.8 
1590.9 
1590.7 
1592.5 
1597.1 
1598.0 
1597.8 
1606.9 
1605.8 
1610.9 
1612.5 
1615.9 
1617.1 
1618.0 
1618.3 

Left Reach 
Average 

Total 
Degredation 

(ft) 

3.0 
3.0 
5.9 
3.6 

4.0 
3.0 
6.6 
4.2 

4.3 
3.0 
7.5 
4.5 

3.3 
3.0 
7.5 
4.2 

Right Bank 
Total 

Degredeation 

(ft) '4 

5.9 
3.0 
3.0 
3.0 
3.0 
5.0 
3.0 
3.2 
5.9 
3.0 
4.0 
3.0 
3.1 
3.6 
4.1 
5.7 
3.9 
6.4 
3.8 
4.4 
3.0 
6.2 
3.0 
3.0 
3.7 
3.0 
4.9 
3.0 
3.0 
5.4 
3.0 
3.9 
3.0 
3.0 
3.5 
3.8 
3.0 
8.3 
4.8 
8.7 
6.4 
7.3 
3.0 
3.7 ---------- 
3.0 
3.6 
4.8 
3.0 
5.5 
3.0 
3.0 
3.0 
3.0 
3.0 
3.3 

Right Bank 
Toe Down 
Elevation 

(ft) " 

1512.6 
1515.1 
1514.8 
1514.5 
1517.2 
1516.6 
1520.5 
1523.8 
1520.6 
1527.3 
1527.3 
1528.5 
1531.3 
1533.1 
1532.5 
1533.7 
1538.1 
1536.6 
1540.7 
1541.2 
1546.1 
1544.7 
1553.3 
1555.5 
1555.3 
1557.6 
1559.2 
1561.9 
1565.0 
1563.3 
1568.6 
1569.7 
1573.0 
1573.5 
1574.8 
1578.0 
1581.0 
1578.5 
1584.7 
1582.1 
1585.4 
1587.2 
1593.0 
1595.0 
1598.9 
1600.5 
1600.4 
1606.9 
1605.8 
1610.9 
1612.5 
1615.9 
1617.1 
1618.0 
1618.3 

Right Reach 
Average 

Total 
Degredation 

(ft) 

3.0 
3.0 
5.9 
3.6 

3.9 
3.0 
6.4 
4.2 

3.3 
3.0 
8.7 
4.2 

3.0 
3.0 
7.3 
3.9 

HEC-RAS 
Min 

Elevation - 
10' (ft) 

1508.5 
1508.1 
1507.8 
1507.5 
1510.2 
151 1.6 
1513.5 
1517.0 
1516.5 
1520.3 
1521.3 
1521.5 
1524.4 
1526.7 
1526.6 
1529.4 
1532.0 
1533.0 
1534.6 
1535.6 
1539.1 
1541.0 
1546.3 
1548.5 
1549.1 
1550.6 
1554.1 
1554.9 
1558.0 
1558.8 
1561.6 
1563.6 
1566.0 
1566.5 
1568.3 
1571.8 
1574.0 
1576.8 
1579.5 
1580.8 
1581.8 
1584.5 
1586.0 

' 1588.7 
1591.9 
1594.1 
1595.3 
1599.9 
1601.3 
1603.9 
1605.5 
1608.9 
1610.1 
1611.0 
1611.6 

Dynamic 
Depth to 

Armoring, yd 
(ft) 

3.0 
0.9 
0.9 
0.6 
0.9 
3.0 
1.5 
1.7 
3.6 
1.5 
2.4 
1.5 
1.7 - 

2.1 
2.4 
3.2 
2.3 
3.5 
2.2 
2.5 
1.7 
3.8 
0.5 
1.1 
1.4 
0.8 
I.g 
1 .O 
0.7 
2.3 
0.3 
1.5 
1.1 
0.4 ------ 
1.1 
1.4 
0.6 
1.9 
0.5 
2.2 
0.8 
1.4 
1.1 
1.5 
0.9 
1.2 
1.8 
0.7 
2.1 
0.7 
0.2 
0.5 
0.9 
0.9 
1.2 

Right Bank 
HEC-6 
Design 

Scour Depth 

(ft) .3 

2.9 
0.6 
0.6 
0.5 
0.6 
2.0 
1.5 
I .5 
2.3 
1.3 
1.6 
1.2 
1.3 
1.6 
1.7 
2.5 
1.6 
2.9 
1.6 
1.9 
1.2 
2.4 
1.3 
1.6 
2.3 
1.6 
3.0 
2.0 
1.5 
3.1 
1 .I 
2.3 
1.6 
0.9 
2.4 
2.4 
1.3 
6.3 
4.3 
6.5 
5.6 
5.8 
I .9 
2.2 
1.6 
2.4 
3.1 
1.6 
3.4 
1.2 
0.5 
0.7 
1.5 
1.7 
2.1 

Left Bank 
Total 

Degredeation 

(ft) " 
5.9 
3.0 
3.0 
3.0 
3.0 
5.0 
3.0 
3.2 
5.9 
3.0 
4.0 
3.0 
3.1 
3.6 
4.1 
5.7 
3.9 
6.6 
4.0 
4.6 
3.0 
6.3 
3.0 
3.0 
3.7 
3.0 
4.9 
3.0 
3.0 
5.4 
5.2 
7.5 
6.2 
5.0 
7.0 
3.8 
3.0 
5.2 
3.0 
5.5 
3.0 
3.6 
5.3 
6.2 
4.8 
6.1 
7.5 
3.0 
5.5 
3.0 
3.0 
3.0 
3.0 
3.0 
3.3 

Left Bank 
HEC-6 
Design 

Scour Depth 

(ft) -3 

2.9 
0.6 
0.6 
0.5 
0.6 
2.0 
1.5 
1.5 
2.3 
1.3 
1.6 
1.2 
1.3 
1.6 
1.7 
2.5 
1.6 
3.1 
1.8 
2.0 
1.3 
2.5 
1.4 
1.6 
2.3 
1.6 
3.0 
2.0 
1.5 
3.1 
4.9 
5.9 
5.1 
4.6 
5.9 

Left Bank 
Bend Scour 
Depth, 2, 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.1 
0.1 
O.I 
0. I 
0. I 
0.1 
0 
0 
0 
0 
0 
0 
0 

2.9 
2.8 
2.7 
2.8 
2.7 

Antidune 
s rough 

Depth (ft) 

2.2 
0.4 
0.4 
0.3 
0.4 
1.5 
1 .O 
1.1 
1.7 
0.9 
1.2 
0.8 
1 .O 
1.1 
1.2 
1.8 
1.1 
2.1 
1.1 
1.3 
0.7 
1.6 
0.8 
0.9 
1.5 
0.9 
1.9 
1.1 
0.8 
2.1 
0.5 
1.5 
1 .O 
0.5 
1.6 

Right Bank 
Bend Scour 
Depth, Zb, 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

~- 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

HEC-6 
General 
Scour 

Depth (ft) 

0.0 
0. I 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0 1  
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 

1589.7 
1593.0 
1595.8 
1598.5 
1600.1 
1603.7 
1605.2 
1606.4 
1609.4 
1612.6 
1615.0 
1616.8 
1620.4 
1622.0 
1624.7 

1 6 2 5 . 7  
1626.1 
1626.8 
1628.1 
1630.3 

1589.7 
1593.0 
1594.8 
1598.0 
1598.9 
1603.0 
1604.1 
1606.8 
1609.9 
1612.9 
1615.5 
1617.5 
1620.4 
1622.0 
1624.7 
1625.7 
1626.1 
1626.8 
1628.1 
1630.3 

Right Bank 
Fill Option - 
Top of Bank 
Elevation (ft) 

1 

1524.4 
1528.4 
1528.9 
1529.4 
1529.5 
1529.7 
1532.6 
1535.0 
1537.7 
1539.8 
1541.6 
1542.8 
1543.5 
1544.6 
1545.8 
1548.9 
1552.0 
1554.2 
1557.1 
1558.2 
1560.3 
1561.6 
1564.7 
1567.4 
1569.1 
1571.1 
1573.6 
1576.8 
1578.8 
1579.4 
1582.5 
1583.2 
1585.7 
1587.2 
1587.5 

Left Bank 
Fill Option - 
Top of Bank 
Elevation (ft) 

1 

1524.4 
1528.4 
1528.9 
1529.4 
1529.5 

1529.7 
1532.6 
1535.0 
1537.7 
1539.8 
1541.6 
1542.8 
1543.5 
1544.6 
1545.8 
1548.9 
1552.0 
1554.4 
1557.2 
1558.3 
1560.4 
1561.7 
1564.8 
1567.4 
1569.1 
1571.1 
1573.6 
1576.8 
1578.8 
1579.4 
1582.8 
1584.2 
1586.3 
1587.4 
1588.2 

1591.7 
1595.0 
1597.8 
1600.5 
1602.1 
1605.7 
1607.2 
1608.4 
1611.4 
1614.6 
1617.0 
1618.8 
1622.4 
1624.0 
1626.7 
1627.7 
1628.1 
1628.8 
1630.1 
1632.3 

HEGRAS 
Minimum 

Elevation (ft) 

1518.5 
1518.1 
1517.8 
1517.5 
1520.2 
1521.6 
1523.5 
1527.0 
1526.5 
1530.3 
1531.3 
1531.5 
1534.4 
1536.7 
1536.6 
1539.4 
1542.0 
1543.0 
1544.6 
1545.6 
1549.1 
1551.0 
1556.3 
1558.5 
1559.1 
1560.6 
1564.1 
1564.9 
1568.0 
1568.8 
1571.6 
1573.6 
1576.0 
1576.5 
1578.3 

Right Bank 
Levee 

Option - Top 
of Bank 

Elevation (ft) 
1 

1526.4 
1530.4 
1530.9 
1531.4 
1531.5 
1531.7 
1534.6 
1537.0 
1539.7 
1541.8 
1543.6 
1544.8 
1545.5 
1546.6 
1547.8 
1550.9 
1554.0 
1556.2 
1559.1 
1560.2 
1562.3 
1563.6 
1566.7 
1569.4 
1571.1 
1573.1 
1575.6 
1578.8 
1580.8 
1581.4 
1584.5 
1585.2 
1587.7 
1589.2 
1589.5 

1591.7 
1595.0 
1596.8 
1600.0 
1600.9 
1605.0 
1606.1 
1608.8 
1611.9 

1614.9 
1617.5 
1619.5 
1622.4 
1624.0 
1626.7 
1627.7 
1628 

1628.8 
1630.1 
1632.3 

1581.8 
1584.0 
1586.8 
1589.5 
1590.8 
1591.8 
1594.5 
1596.0 
1598.7 - - - - -  
1601.9 
1604.1 
1605.3 
1609.9 
161 1.3 
1613.9 
1615.5 
1618.9 
1620.1 
1621.0 
1621.6 

Left Bank 
Levee 

Option - Top 
of Bank 

Elevation (ft) 

1526.4 
1530.4 
1530.9 
1531.4 
1531.5 
1531.7 
1534.6 
1537.0 
1539.7 
1541.8 
1543.6 
1544.8 
1545.5 
1546.6 
1547.8 
1550.9 
1554.0 
1556.4 
1559.2 
1560.3 
1562.4 
1563.7 
1566.8 
1569.4 
1571.1 
1573.1 
1575.6 
1578.8 
1580.8 
1581.4 
1584.8 
1586.2 
1588.3 
1589.4 - - - -  
1590.2 

0 
0 

1 .O 
0.5 
1.2 
0.7 
1.1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.770 
2.840 
2.880 
2.930 
2.970 
3.050 
3.100 
3.150 
3.240 - 
3.310 
3.400 
3.460 
3.540 
3.610 
3.650 
3.700 
3.730 
3.760 
3.790 
3.840 
3.850 

Right Bank 
Superelevation 
Freeboard (ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Stationing 
10 (River 

miles) 

0.520 
0.570 
0.660 
0.730 
0.770 
0.820 
0.920 
1.000 
1.090 
1.150 
1.210 
1.250 
1.290 
1.330 
1.380 
1.480 
1.560 
1.650 
1.720 
1.770 
1.840 
1.900 
1.990 
2.080 
2.130 
2.190 
2.280 
2.350 
2.410 
2.460 
2.520 
2.580 
2.640 
2.690 
2.730 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.4 
0.5 
0.4 
0.3 
0.2 
0.1 
0.1 
0.1 
0.1 
0.2 

1588.7 
1592.0 
1593.8 
1597.0 
1597.9 
1602.0 
1603.1 
1605.4 
1608.4 
1611.6 
1614.0 
1615.8 
1619.4 
1621.0 
1623.7 
1624.7 
1625.1 
1625.8 
1627.1 
1629.3 

0 
0 
0 
0 
0 
0 
0 

0.4 
0.5 
0.4 
0.5 
0.7 
0 
0 
0 
0 ---- 
0 
0 
0 
0 

Maximum 
WSE (ft) 

1523.4 
1527.4 
1527.9 
1528.4 
1528.5 
1528.7 
1531.6 
1534.0 
1536.7 
1538.8 
1540.6 
1541.8 
1542.5 
1543.6 
1544.8 
1547.9 
1551.0 
1553.2 
1556.1 
1557.2 
1559.3 
1560.6 
1563.7 
1566.4 
1568.1 
1570.1 
1572.6 
1575.8 
1577.8 
1578.4 
1581.5 
1582.2 
1584.7 
1586.2 
1586.5 

I .6 
0.8 
2.3 
0.8 
2.4 
1 .O 
1.5 
1.3 
1.5 
1 .O 
1.5 
1.9 
0.8 
2.4 
0.8 
0.3 
0.5 
I .O 
1.1 
1.4 

Left Bank 
superelevation 
Freeboard (ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0. I 
0.2 
0.1 
0.1 
0. I 
0 
0 
0 
0 
0 
0 
0 

0.3 
1 .O 
0.6 
0.2 
0.7 

0 
0 
0 
0 
0 
0 
0 

1.8 
1.9 
1.8 
1.9 
2.0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

2.3 
2.3 
2.4 
3.1 
2.8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.4 
1.3 
3.3 

. 1.3 
3.3 
1.5 
2.2 
4.2 
4.6 
3.9 
4.9 
5.7 
1.6 
3.4 
1.2 
0.5 
0.7 
1.5 
1.7 
2.1 





SONORAN WASH LONG TERM ARMORING DEPTH - DYNAMIC METHOD 
FULL STRUCTURAL ALTERNATIVE 

Skunk Creek Watercourse Master Plan 

competent 

Average Average M-p, Muller Percentage of Thickness to New Average Bottom Percentage of Thickness to New Average Shield's New Average Percentage of 

~ ~ l l ~ ~  90% Partide Depth of Channel MPM Assumed New Average Channel Individual Bed Material Armoring M-PM Depth CBV Assumed New Average Channel Velocity Armw Bed Material h o r i n g  CBV Depth to Assumed New Average Channel Bed Material 
Stationing 
ID (~ i ve r  ASL Reach ~~~~h Size. DSI Flow. d (it) Velocity. Vm Unit Depth to mpth of  low, Velocity. V. MPM Partide Size, Larger than D, La~w.  Y. (mm) to moring. Yd Depth to Depth of Flow. 

Velocity, Vn Size. Dc (mm) Larger than D ,  Layer. Y. (mm) boring. Y, Depth to Depth of Flow, Veioaty, V. Shields ~c Larger than 

(fps) ' Discharge. q ' Armoring (A) " dn (it) '6 (fps) '7 COefficient " D, (rnm) del p ' ( f l  Armoring (fl) " d,, (ft) (fps) 
'13 '10 del p " '13 

Miles) Code Code (mm)" f t  ' Arrnoring (fl) " d,, (fl) " . (mm) "' D,, del p " "' (fps) " 
- 

11.21 43.7 2 5.9 7.4 0.2590 43.4 12.0 86.8 2.1 3.9 7.8 5.6 59.1 9.0 118.1 3.9 - 2.0 5.9 7.4 43.9 12.0 0.52 0 2 60 3.9 
38.1 0.2 7.3 5 2  0.2590 13.7 26.0 27.3 0.3 1.5 8.6 4.4 37.0 14.0 73.9 1.5 0 2  7.3 5 2  13.8 27.0 0.57 0 2 60 7.1 5.4 
32.9 0.2 6.39 5.2 02590 14.0 26.0 28.0 0.3 1.4 7.6 4.3 35.4 14.0 70.8 1.4 0 2  6 A 5 2  142 26.0 0.66 0 2 60 6 2  5.3 
30.6 0.1 6.66 4.6 02590 9.8 32.0 19.5 0.1 1.1 7.7 4.0 30.1 15.0 60.1 1 .I 0.1 6.7 4.6 9.9 33.0 0.73 0 2 60 6.56 4.67 
32.7 0.3 6.21 5.3 0.2590 152 25.0 30.5 0.3 1.5~ 7.4 4.4 36.7 14.0 73.4 1.5 0.3 6.2 5.3 15.4 25.0 0.77 0 2 60 5.91 5.54 
47.8 2 6.47 7.4 02590 41.0 12.0 82.0 2.0 3.7 8.2 5.8 64.3 10.0 128.6 3.8 2.0 6.5 7.4 41.5 12.0 0.82 0 2 W 4.47 10.69 
32.3 0.8 5.37 6.0 0.2590 24.3 17.0 48.7 0.8 2.1 6.7 4.8 44.1 12.0 88.2 2.1 0.8 5.4 6.0 24.6 17.0 0.92 0 2 60 4.57 7.07 
31.4 1 5 6.3 02590 28.6 16.0 57.2 1 .O 2 2  6 2  5.1 48.1 12.0 962 2.3 I .O 5.0 6.3 28.9 16.0 I 0 2 60 4 7.84 - - - -  

10.58 68.5 2.1 8.57 8.0 0.2590 45.1 12.0 90.2 2.2 4.7 11.2 6.1 70.6 9.0 1412 4.7 2.1 8.6 8.0 45.6 12.0 1.09 0 2 60 6.47 
35.3 0.8 5.73 6 2  02590 25.3 17.0 50.6 0.8 2.2 7.1 5.0 46.1 12.0 922 2 2  0.8 5.7 6.2 25.6 17.0 1.15 0 2 60 4.93 7.16 
46.2 1.4 6.55 7.1 0.2590 35.6 14.0 71.2 1.4 3.3 8.5 5.5 56.3 10.0 112.6 3.3 1.4 6.6 7.1 36.0 14.0 1.21 0 2 60 5.15 8.98 
41.7 0.7 6.87 6.1 02590 22.1 17.0 442 0.7 2.2 8.4 5.0 46.7 12.0 93.4 2.2 0.7 6.9 6.1 22.4 17.0 125 0 2 60 6.17 6.76 
33.8 I 5.36 6 3  0.2590 28.1 16.0 56.3 1 .O 2.4 6.8 5.0 47.1 11.0 942 2.5 1 .O 5.4 6.3 28.5 16.0 129 0 2 60 4.36 7.76 
41 .O 1 2  6.09 6.7 02590 32.1 15.0 642 1 2  2.8 7.7 5.3 53.5 11.0 107.0 2.8 1.2 6.1 6.7 32.5 14.0 1.33 0 2 60 4.89 8.39 
48.8 1.3 6.97 7.0 0.2590 33.6 14.0 672 1.4 3.3 9.0 5.4 55.6 10.0 111.1 3.3 1.3 7.0 7.0 34.0 14.0 1.38 0 2 60 5.67 8.6 

2 7.63 7.7 02590 42.4 12.0 84.7 2.0 4.3 9.9 5.9 65.4 9.0 130.7 4.3 2.0 7.6 7.7 42.9 12.0 1.48 0 2 60 5.63 10.4 58.6 -- 
53.1 1.1 7.65 6.9 0.2590 31.4 15.0 62.7 1.2 3.3 9.9 5.4 54.7 10.0 109.4 3.2 1 .I 7.7 6.9 31.7 15.0 1.56 0 2 60 6.55 8.1 I 
67.4 2.1 8.47 8.0 0.2590 44.8 12.0 89.7 2 2  4.7 11.1 6.1 69.7 9.0 139.4 4.6 2.1 8.5 8.0 45.4 12.0 1.65 0 2 60 6.37 10.58 
51.1 1.2 7.48 6.8 0.2590 30.1 15.0 602 1.1 3 2  9.5 5.4 54.5 10.0 109.1 3 2  1.1 7.4 6.9 31.9 15.0 1.72 0 2 60 6.28 8.13 
53.7 1.5 7.43 7 2  02590 35.8 14.0 71.6 1 A 3.5 9.4 5.7 60.9 10.0 121.8 3.6 1.5 7.4 7 2  362 14.0 1.77 0 0 60 5.93 9.05 

6.86 49.6 0.7 7.93 6.3 0.2590 22.5 18.0 45.0 0.7 2.5 9.7 5.1 48.8 11.0 97.7 2.6 0.7 7.9 6.3 22.8 17.0 1.84 0 0 60 7.23 
10.83 71.6 2 2  8.81 8.1 0.2590 46.8 12.0 93.6 2.3 5.2 11.8 6.1 69.1 8.0 138.1 5.2 2.2 8.8 8.1 47.4 12.0 1.9 0 0 60 6.61 

31.5 0.2 5.16 6.1 0.2850 28.5 45.0 57.1 0.2 0.7 5.7 5.6 582 32.0 116.4 0.8 0.2 5 2  8.1 26.2 47.0 1.99 0 1 210 4.96 6.35 
47.5 0.6 6.24 7.6 02850 50.3 34.0 100.6 0.6 1.5 7.1 6.7 83.2 26.0 166.3 1.6 0.6 6.2 7.6 462 33.0 2.08 0 1 210 5.64 8.42 

9.43 60.4 0.8 7 2  8.4 02850 62.6 31 .O 125.1 0.9 2.1 8.5 7.1 94.8 24.0 189.6 2.0 0.8 7.2 8.4 57.5 32.0 2.13 0 1 210 6.4 
49.1 0.3 7.18 6.8 0.2850 34.1 42.0 68.1 0.3 1 .I 8.0 6.2 71.2 28.0 142.5 1.2 0.3 7 2  6.8 31.3 43.0 2.19 0 1 210 6.88 7.14 
62.6 1.2 7.05 8.9 02850 75.1 28.0 150.3 1.3 2.5 8.4 7.5 105.6 22.0 211.3 2.5 1 .I 7.0 9.0 72.6 28.0 2.28 0 1 210 5.85 10.7 
48.3 0.5 6.48 7.5 02850 46.4 36.0 92.8 0.5 1.5 7.5 6.5 78.4 27.0 156.9 1.4 0.5 6.5 7.5 42.7 36.0 2.35 0 1 210 5.98 8.08 
47.5 0.3 6.99 6.8 0.2850 33.8 42.0 67.6 0.3 1.1 7.8 6.1 69.9 29.0 139.8 1.1 0.3 7.0 6.8 . 31.1 43.0 2.41 0 1 21 0 6.69 7.1 
64.3 1.6 6.95 9.3 0.2850 85.6 26.0 171.3 1.6 2.9 8.3 7.8 114.2 21 .O 228.5 2.8 1.5 6.9 9.4 82.8 26.0 2.46 0 1 210 5.35 12.02 
36.9 0.1 6.84 5.4 02850 172 55.0 34.3 0.1 0.6 7.3 5.0 47.6 35.0 95.2 0.6 0.1 6.8 5.4 15.8 58.0 2.52 0 1 210 6.74 5.48 

9.67 59.1 0.9 7.01 8.4 0.2850 64.5 30.0 128.9 1 .O 2.1 8.2 7.2 97.4 24.0 194.7 2.0 0.8 6.9 8.6 62.3 31 .O 2.58 0 1 210 6.1 1 
824 49.4 0.5 6.5 7.6 0.2850 49.2 34.0 98.4 0.6 I .5 7.5 6.6 81.7 26.0 ~~p - deb ~~ 1.5 0.5 6.5 7.6 452 36.0 2.64 0 1 210 6 

622 5.67 35.3 0.1 6.32 5.6 02850 19.7 52.0 39.4 0.1 0.6 6.8 5 2  50.3 34.0 100.5 0.6 0.1 6.3 5.6 18.1 54.0 2.69 0 1 210 
5 8.69 43.5 0.7 5.7 7.6 02850 52.9 33.0 105.8 0.7 1.5 6.5 6.7 84.0 26.0 168.0 1.6 0.6 5.6 7.8 51.7 33.0 2.73 0 1 210 

9.77 42.1 0.9 5.21 8.1 0.2850 65.9 30.0 131.8 1 .O 1.8 6.1 6.9 89.3 25.0 178.6 1.8 0.9 5.2 8.1 60.6 31 .O 2.77 0 I 210 4.31 
36.5 0 2  5.72 6.4 0.2850 30.9 44.0 61.9 0.3 0.9 6.4 5.7 60.7 31 .O 121.5 0.9 0.2 5.7 6.4 28.4 46.0 2.84 0 1 210 5.52 6.61 

1129 57.9 1.3 6.43 9.0 02850 82.1 30.0 164.3 1.3 2.5 7.6 7.6 108.3 22.0 216.7 2.5 1.3 6.4 9.0 75.5 28.0 2.88 0 1 210 5.13 
6.4 33.3 0 2  5.41 6.2 0.2850 28.7 46.0 57.4 0.2 0.8 6.0 5.5 57.9 33.0 115.7 0.8 0.2 5.4 6.2 26.4 47.0 2.93 0 1 210 5.21 

529 62.5 1.5 6.79 9 2  0.2850 85.2 26.0 170.4 1.6 2.7 8.0 7.8 114.9 21.0 229.9 2.8 1.4 6.7 9.3 82.5 26.0 2.97 0 1 21 0 11.81 
49.9 0.3 7.13 7.0 02850 36.5 40.0 73.0 0.4 1.2 8.0 6.2 72.5 28.0 145.0 1.2 0.3 7.1 7.0 33.6 42.0 3.05 0 1 210 6.83 7.3 

9.59 49.7 0.9 6.08 8.2 0.2850 63.0 30.0 126.1 1 .O 1.9 7.1 7.0 92.6 24.0 185.1 1.9 0.8 6.0 8.3 61 A 31 .O 3.1 0 1 210 5.18 
8.31 54.0 0.6 7.1 7.6 02850 47.1 35.0 942 0.6 1.5 8.0 6.8 85.7 26.0 171.4 1.6 0.5 7.0 7.7 45.5 36.0 ' 3.15 0 I 210 6.5 
9.68 53.0 0.9 6.38 8.3 02850 64.9 30.0 129.7 1 .O 2.0 7.5 7.1 94.6 23.0 189.1 2.1 0.8 6.3 8.4 63.0 31 .O 324 0 1 210 5.48 

44.9 0.5 6.25 7.2 0.2850 42.1 36.0 84.3 0.5 1.3 7.1 6.4 76.1 28.0 152.2 1.3 0.4 6 2  7.3 41 .O 37.0 3.31 0 I 210 5.75 7.8 
8.67 
- 

60.5 0.7 7.68 7.9 0.2850 50.3 34.0 100.6 0.6 1.7 8.7 7.0 91.4 25.0 182.8 1.8 0.6 7.6 8.0 48.4 36.0 3.4 0 1 210 6.98 
74.7 1 8.44 8.9 02850 68.0 30.0 136.0 1 .O 2.5 9.9 7.5 106.2 22.0 212.3 2.5 0.9 8.3 9.0 65.2 30.0 3.46 0 1 210 7.44 10.04 

7.14 39.8 0.3 5.88 6.8 02850 36.6 40.0 73.1 0.4 1 .O 6.6 6.1 68.9 30.0 137.8 1 .I 0.3 5.9 6.8 33.6 42.0 3.54 0 1 210 5.58 
1122 70.9 1.4 7.72 9 2  0.2850 79.5 26.0 159.0 1.5 2.6 9.1 7.8 113.7 21 .O 227.3 2.8 1.3 7.6 9.3 78.5 28.0 3.61 0 1 210 6.32 
6.9 44.0 0.3 6.67 6.6 0.2850 31.6 43.0 63.2 0.3 I .O 7.4 6.0 66.9 30.0 133.7 1 .O 0.2 6.6 6.7 30.6 43.0 3.65 0 7 1  210 6.37 

4.63 20.8 0 4.49 4.6 02850 13.3 62.0 26.7 0.1 0.3 4.8 4.3 35.4 41.0 70.8 0.3 0.0 4.5 4.6 12.3 64.0 3.7 0 1 210 4.49 
6.52 22.1 0.3 3.69 6.0 0.2850 31.9 42.0 63.8 0.3 0.7 4.1 5.4 54.9 33.0 109.8 0.7 0.3 3.7 6.0 29.3 44.0 3.73 0 1 210 3.39 
8.15 28.8 0.6 4.13 7.0 02850 47.4 35.0 94.8 0.6 1 .I 4.6 6.2 72.6 28.0 1452 1.2 0.5 4.0 7.1 47.5 36.0 3.76 O 1 210 3.53 

- -  

7.83 33.8 0.5 4.82 7.0 0.2850 44.9 35.0 89.7 0.5 1.1 5.4 6 2  73.2 28.0 146.4 1 2  0.5 4.8 7.0 41 2 37.0 3.79 0 1 210 4.32 
3.84 0 1 210 48.4 0.7 6.17 1.8 0.2850 55.2 33.0 110.5 0.7 1.6 7.1 6.8 87.9 26.0 175.9 1.6 0.6 6.1 8.0 8.84 53.8 33.0 5.47 

All hydraulic parameters from HEGRAS WMP-UT.prj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 4111R000. Existing (Worst Case) hydraulia profile plan. 
' Hydraulic Parameters are From Main Channel Between Overbanks 

Pebble Cwnt Graph of Stantec and Fuller Sediment Analysis 
' Unit Discharge, q = Velocity '.Average Depth of Flow (V d) 
'5 First Attempt at Solving Me Iterative Method 
'6 New Average Depth of Flow, d. = Assumed Depth to Amloring + Average Depth of Flow 

V. = Unit Discharge I New Average Depth of Flow (V. = q I d.) 
" M-PM Coefficient 

For Dso = 175 rnm, M-PM, = 0.083 

Meyer-Peter Muller Method for Determining Dc 
D, = M-PM. * (V:) 1 ( d y )  

'10 Competent Bottom Velocity Equation From From USBR 'Computing Degradation and Local Scour' p.10 and Fuller Report 
D.= 1.88.~:) 

'" Shild's Method for Determining Dc 
Dc = 0.262 ' (V:) 1 (dt-5) 

'I2 Yano's lncioient Motion Eauation From USBR 'Computing Degradation and Local Scour' p.14 and Fuller Report 

ya=2'D. 
-I4 yd = ya. ((lldel p)-I) - Depth to Armoring not Reached when y, > 25' 

Sonoran Erosion Control-St~cturai-REV-2.xls (New Armoring Iterations) 

6/1/01 
DEJ 



Skunk Creek Watercourse Master Plan 

SONORAN WASH LONG TERM ARMORING DEPTH - DYNAMIC METHOD 
FULL STRUCTURAL ALTERNATIVE 

" All hydra1 
Hydraulic 
Pebble Cc 
' Unit Disct 
" First Attei 
'b New Avei 

Vn = Unit 

a M-PM Cc 
For D 

Meyer-Pt 
D, = l 

" Cornpett 
D = '  

"' Shild's I 
Dc=(  

'I2 Yang's Ir 

Sonoran Erosion Control-Strudural-RN_2.xls (New Armoring Iterations) 

6/1/01 
DEJ 





Skunk Creek Watermurse Master Plan 
SKUNK CREEK RIPRAP VOLUME - LEVEE OPTION 

STAKEHOLDER'S ALTERNATIVE 

H E W S  RiaM USER NecessarY Standard 
La? Bank Right Bank USER LeRBank Right Bank 

RiaM 
Center IWYear Aveage LeRBank Right Bank LeRBank Right Bank LeRBank Bank Dumped Total CSA Left Bank HeigMof Bank Left Bank Right Bank LeRBank Right 

-dng ~ ~ f i  B& R ~ ~ M  B& Flow Hydraulic Top of Bank Top of Bank Toe Down Toe Down Sbpe Slope Rqrap Median USER Rprap USER Ripap USER Riprap L& Bank Right Bank USER Total Gaben Manufadwe USER Gaban USER GabDn LeR Bank Right Bank Gabon negmof  VOW^ Righi ~olrune CSA CSA CSA Bank TotalCSA 
ID (R* wning -,,ing Velo* Depm. V. Elev- Levee Ekv - Levee Elevation (R) EleMlon (R) Length Lengm R- P a w  Layer Tluckness Volume per Volume per Riprap Volume Riprap V o h  Riw Volume. T h i i  d Gabion Volume per Volume per Gabion Gaban Volume, Lefl Bank per Lewtt Bank (R) per Length Volume Volume Total Volume Cement Gem? ~ement 

maes) (R) (tt) (fps)" ~fps) " O w n  o~so~(R)' (R)' (R)' size. D-(R)" (R) ~ e l g m  (ern) ~ength ~nJm) era') (ydJ) 'a F) * si r i )  ~ength (RSnt) ~ength ~ ? m ) "  v ~ m e  wf) volume (rf) (ydl) (R) (R)"O (em) (ern) (ydl) (yd3) O~CSA (tom)." (wm).ll (wm).13 
''O 

13.024 152 7 2  1528.7 1528.7 1511.5 1511.5 38.3 38.3 3.3 6.6 254.5 254.5 1990.4 22  84.8 84.8 663.5 
13.020 152 7 2  15292 15292 1512.0 1512.0 38.4 38.4 3.3 6.6 254.7 254.7 1992.5 22  84.9 84.9 6642 

0.0 4862.5 48624 0.0 K89.1 5119.3 

SC Erosion - Stakeholden-REV-2.xls (Riprap Volume -Levee) 
6/5/01 

Prepared DY DEJ 



Skunk Creek Watercourse Master Plan 
SKUNK CREEK RIPRAP VOLUME - FILL OPTION 

STAKEHOLDER'S ALTERNATIVE 

SC Erosion - StakehoMers-REV-2.xls (Riprap Volume - Fill) 
6/5/01 

DEJ 

LeR Bank 
USBRRiprap 
Volume Per 

~ensth (f?m) 
224.8 
225.0 

120.5 

133.8 

USBR K m  
Layer 

(R) .6 

6.6 
6.6 

3.5 

3.5 

Right Bank 
USBR Rirap 
V O W  w 

~ength (PflR) 
224.8 
225.0 

120.5 

133.8 

CMer 
-rjng 
ID wr 

m k )  
13.OW 
13.020 

13.040 

13.080 

Average 
Hydra& 
De@h, Vm 
(ips) " 

7 2  
7.2 

9.6 

11.6 

Riiht Bank 
Topof B 

E W -  F? 

optan (R) 
1526.7 
1527.2 

1531.2 

1532.3 

LeRBank 
R i i P V o h e  

(ydl) 

0.0 

0.0 

RjgM Bank 
ToeDom, 
Elevatbn 

(n) 
1511.5 
1512.0 

1515.8 

1515.2 

Lefl Bank 
TopofB 
Rr- F? 

option (R) 
1526.7 
15272 

15312 

1532.3 

Left Bank 
ToeDom 
E l o X a  

(A) a 
1511.5 
1512.0 

1515.8 

1515.2 

~ ~ f f ~ ~ &  
wniw 

(fi) 

RigMBank 
R i V O I u m e  

w=) 

0.0 

0.0 

LeR Ban 
Sbpe 
Lewth 
(R) ' 
33.9 
33.9 

34.4 

382 

R . ~ M B ~ ~ ~  
m n w  

(t) 

H E W S  
l W  Year 

Fkw 

;? 
152 
15.2 

6.6 

4.8 

USBRTotal 
K i p  V o b ,  

(ydf)" 
1758.2 
17W.3 

0.0 

0.0 

R i M  
Bank 
Sbpe 
L W  
(I?)'' 
33.9 
33.9 

34.4 

38.2 

USER 
Dumped 

RiprapMedii 
Riprap P a m  
sire. D,(R) 

3.3 
3.3 

0.6 

0.3 

Necessary 
USER 
Gabion 

T h i i e s s  
(m) )g 

2.2 
2.2 

18.0 

18.0 

Mauwfactur 
& GaMn 
see in) )g 

18 

18 

LeRBank 
USER Gabon 
Volumeper 

L W  (f?m) 

74.9 
75.0 

51.7 

57.4 

RiMBank 
USER Gaban 
Volume per 

L W  (@I%) -I 

74.9 
75.0 

51.7 

57.4 , 

LeRBank 
Gabbn 

Volume (yd3) 

0.0 

0.0 

RigM Bank 
Gation 

volume (yd) 

0.0 

0.0 

Total 
G a b  
Volume. 

&dl) 'D 

586.1 
586.8 

0.0 

0.0 

S t a d  -A 
hyer 

(R) 

9 

Right 
Bank 

volume 
per 

Ler@h 
(@m) 

i 

IZE 
~ & M o f '  per 
LeR Bank/ Length 

(R) "O f (ern) 

I 

I 

I 
15.4 ! 138.6 

HeQMof 
RigM 

Bank (R) 

15.4 
I i 

9 1 17.1 ! 153.8 

M mk 
CSA 

v o w  

(ys) 

17.1 

volume 

(yd') 

138.6 

153.9 

0.0 

0.0 

0.0 

0.0 

TotaIVoIume 
of CSA w') 

0.0 

0.0 

LeR Bank 
CSA 

cement 
(tons) "' 

0.0 

0.0 

RisM 
Bank 
w- 
(tons) '" 

Totai 

(tom) '" 

0.0 

0.0 

0.0 

0.0 



Skunk Cceek Watermuse Master Plan 

SONORAN WASH ARMOR QUANTIN - LEVEE OPTION 
STAKEHOLDER'S ALTERNATNE 

Ri im 
HEGRAS USER USER kCe=arY Standaid Len Bank 

USER Total USBR 
Bank 

Center Left Bank RigM Bank Total CSA volume HeiBMN voltlme 
Ri iM Bank Gaban byer Heightof per Rib: per R i iM B& Len Bank R i iM Bank Total CSA 

GaWan Volume V o h ,  ~ h b -  leff Bank Lwgth Bank (fl) Lwgth LeR Bank CSA CSA Volume Tatal Volume of CSA Cement CSA Cement Cement (mns) 
a 

(ydJ) @)a (R) (fl)"O (RJnt17 "Vft'm)7 Volume (ydJ) (ydJ) CSA (ydJ)' (tons)'" (mns)'" .jt 

I 

I 

1.WO 7.8 3.9 1536.0 1536.0 1524.0 1524.0 26.8 26.8 0.8 1 1.6 43.7 43.7 0.0 0.0 0.0 0.0 12.0 26.8 26.8 0.0 0.0 0.0 9 12.0 107.7 12.G 107.7 0.0 0.0 0.0 0.0 0.0 0.0 I 

Sonoran Natural Channel Erosion Contml.xls (Riprap Volume - Levee) 6M101 
DEJ 



Skunk Creek Watermum Master Pbn 
SONORAN WASH ARMOR OUANTITY -FILL OPTION 

STAKEHOLDERS ALTERNATNE 

Sonoran Naural Channel Emsion Conlrol.xk ( K i p  Volume - Fill) 
6/1/01 

Prepared by  DEJ 



SONORAN WASH ARMOR QUANTiTY - LEVEE OPTION 
STAKEHOLDER'S ALTERNATNE 

Skunk Creek Watermum Master Plan 

Sonoran By P a n  Emsian Canholxls (Riprap Volume - Levee) SHIOI 
DEJ 



Skunk Creek Watermurse Master Plan 
SONORAN WASH ARMOR QUANTITY - FILL OPTION 

STAKEHOLDERS ALTERNATIVE 

Sonoran By Pass Erosion Contml.xls (Riprap Volume - Fill) 
6/1/01 

Prepared by OEJ 

Center 
-ning 
ID (River 

miles) 

I .000 

1.090 

1.150 

1.150 

1.210 

1250 

1.290 

1.330 

1 .380 

1.480 

1.560 

1.650 

LeftBark 
Stawniq 

(ft) 

~ 

10000.0 

10120.0 

10330.0 

10570.0 

Right Bank 
Top of Bank 

Elev- 
Levee 

0pWn (R) 

1534.0 

1535.2 

1535.4 

1535.0 

1537.5 

1540.6 

1541.5 

1541.9 

1542.7 

1544.4 

1548.2 

1550.0 

R ~ h t  
~ w k  

SWning 
(R) 

Left Bank 
Toe 

Down 
EleMtion 

(ft) 

1524.0 

1523.5 

1524.1 

1526.1 

1521.6 

15271 

1529.6 

1530.1 

1532.6 

1533.6 

1536.5 

1537.5 

Left Bank 
USER Riprap 
V d m  per 

LW (dm) 

78.0 

91.6 

88.0 

69.4 

135.5 

101.5 

89.8 

91.2 

75.2 

84.2 

92.0 

98.1 

Rght Bank 
USER Riprap 
Volume Per 

LM (em) 

78.0 

91.6 

88.0 

69.4 

105.6 

117.6 

97.9 

92.7 

85.3 

842 

920 

98.1 

Left Bank 
Riprap V d w  

(yd) 

0.0 

0.0 

0.0 

0.0 

6022 

789.5 

798.6 

878.0 

1142.1 

1434.7 

1533.9 

1344.9 

S23.9 

HEGRAS 
1W Year 

Flow 
Velocity 
(fps) ? 

Right Bank 
Toe Down 
EIevatbn 

(R) 

1524.0 

1523.5 

1524.1 

1526.1 

1524.0 

1525.6 

1528.9 

1530.1 

1531.8 

1533.6 

1536.5 

1537.5 

Averme 

Right Bank 
Riprap Volume 

(yd) 

~p-pp---pp-p 0.0 

0.0 

0.0 

0.0 

1760.0 

1088.4 

1015.5 

1064.7 

1390.4 

1465.9 

1533.9 

1453.9 

10772.0 

7.3 

9.1 

8.0 

8.0 

4.8 

5.1 

5.7 

6.0 

10830.0 

11240.0 

11700.0 

12150.0 

12520.0 

- 

A v w e  
Hydraulic 
Depth. Vm 
(@) ? 

Left Bank 
Slope 

L M  (ft) ' 

22.3 

26.2 

252 

19.8 

38.7 

29.0 

25.7 

26.1 

21.5 

24.1 

26.3 

28.0 

27.2 

I 

~p 

10000.0 

10450.0 

10700.0 

10980.0 
I 

1542.2 

1544.4 

1548.2 

1550.0 

11290.0 

11730.0 

12200.0 

12650.0 

13050.0 

Left Bank 
Top of Bank 

Elev- 
Levee 

Oplion (ft) 

3 . 9  

6.5 

6.0 

4.1 

4.7 

6.4 

6.0 

USER Total 
Riprap 

V o l m  (yd) 
a 

0.0 

0.0 

0.0 

0.0 

2362.1 

1877.9 

1814.1 

1942.7 

2532.5 

2900.6 

3067.9 

2798.8 

19296.7 

7.8 

3.6 

4.8 

7.6 

12.3 

6.8 

6.0 

4.6 

1534.0 

1535.2 

1535.4 

1535.0 

1538.9 

15402 

1541.1 

Right Bank 
Slope Length 

(ft)" 

26.2 

25.2 

19.8 

302 

33.6 

28.0 

28.5 

24.4 

24.1 

26.3 

28.0 

27.2 
Maximum 

N e c W  
USER 
Gabion 

T h i y  
(in) 

17.2 

17.2 

172 

17.2 

172 

172 

17.2 

17.2 

17.2 

172 

172 

17.2 

USER 
Dumped 

Ripap Median 
R i m  

Parlide Sue, 
0, (ft) 

0.8 

0.2 

0.3 

0.8 

2.2 

0.6 

0.5 

0.3 

0.7 

1.2 

0.9 

0.9 

22 

6.4 

USER 
Riprap 
Layer 

Thidiness 
(ft) .6 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

Mawfacture 
d Gaban 
Size (in) 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

18.0 

1541.7 

Left Bank 
USBR Gabion 
Volume per 

Length (@m) 

- 

33.4 

39.3 

37.7 

29.8 

58.1 

43.5 

38.5 

39.1 

32.2 

38.1 

39.4 

42.1 

Right Bank 
USER Gabbn 
Volume per 

~ength (Pm) 

33.4 

39.3 

37.7 

29.8 

45.3 

50.4 

42.0 

39.7 

36.6 

36.1 

39.4 

Left Bank 
Gabion Volume 

(yd) 

~- 

0.0 

0.0 

0.0 

258.1 

338.4 

342.3 

376.3 

489.5 

614.9 

1 657.4 
I 

42.1 1 576.4 

! 
I 

1 3653.1 

Right Bank 
Gabion Volume 

(yd) 

0.0 

0.0 

0.0 

0.0 

754.3 

Total 
Gabion 
Volume. 
(yd) 

0.0 

0.0 

0.0 

0.0 

1012.3 

623.1 

4616.9 

9 1199.5 

8270.0 

Standard 
CSA 
Layer 

Thickness 
(R) 

9 

9 

9 

9 

9 

466.5 

435.2 

456.3 

595.9 

628.2 

657.4 

9 

9 

9 

9 

9 

9 

804.8 

777.5 

832.6 

1085.3 

1243.1 

1314.8 

Height of 
Lefl Bank 

(ft)"' 

10.0 

11.7 

11.3 

8.9 

17.3 

13.0 

11.5 

11.7 

9.6 

10.8 

12.5 

12.2 

12.5 

12.2 

112.9 112.9 

Left Bank 
Vdume 
per 

Length 
(ft'm) ------------- 89.7 

105.4 

101.3 

79.8 

155.8 

1546.6 

9802.3 

Height of 
Right 

Bank (ft) "' 

10.0 

11.7 

11.3 

8.9 

13.5 

116.7 

103.3 

104.9 

86.5 

1 96.8 

1672.0 

12388.5 

Right 
Bank 

Volume 
per 

Length 
(ern) 

89.7 

105.4 

101.3 

79.8 

121.4 

15.0 

12.5 

11.8 

10.9 

10.8 

237.0 

1756.1 

Lefl Bank 
CSA 

Volume 
(yd) 

0.0 

0.0 

0.0 

0.0 

692.5 

11.8 

456.2 

3145.5 

1352 

112.6 

106.6 

98.1 

96.8 

3218.6 

1 22190.7 

11.8 

Right Bank 
CSA 

Vdume 
(yd) 

0.0 

0.0 

0.0 

0.0 

2023.9 

907.9 

918.4 

1009.7 

1313.4 

1649.9 

105.8 

219.2 

1389.5 

135.8 

Left Bank 
CSA 

Cement 
(tom)?' 

( 

0.0 

0.0 

0.0 

98.2 

Total 
Volume of 

CSA (yd) % 

0.0 

0.0 

0.0 

0.0 

2716.4 

1251.7 

1167.8 

1224.4 

1764.0 

128.7 

130.2 

1143.1 

2159.6 

2086.2 

2234.1 

1764.0 250.0 

Right 
Bank CSA 
Cement 
(bons) ?' 

0.0 

0.0 

0.0 

286.9 

1598.9 

1685.7 

S00.1 

Total CSA 
Cement 
(tom) "' 

0.07 

0.0 

0.0 

0.0 

385.1 

177.4 

165.5 

173.6 

3526.0 

306.1 

295.7' 

316.7 

226.6 

239.0 

250.0 

412.8 

472.8 

2912.3 

3335.6 

186.2 

233.9 



Skunk Creek Watercourse Master Plan 
SKUNK CREEK PROFILES - 

STAKEHOLDER'S ALTERNATIVE 

-1 Top of Levee = HEC-RAS WSE + Superel. + 3'. Top of Fill = HECRAS WSE + Superel. + 1'. 
All hydraulic parameters from HEGRAS WMP-UT.prj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 411012000. 
DEJ added encroachments from FEMA model and worse case hydraulics. 

'3 Left or Right Bank Design Scour Depth = (HEC-6 General Scour + Anti-dune Trough ~ e ~ t h  2 Right or Left Bend Scour Depth) * 1.3 
*4 Total Degredation = Design Scour Depth + Arrnoring Depth. Minimum 3' 
" Toe Down Elevation = Minimum HEC-RAS Elevation -Total Degredation 

Stationing 
ID (River 

miles) 

13.000 
13.020 
13.040 
13.080 
13.160 
13.280 
13.400 
13.550 
13.660 
13.860 
14.070 

14.300 
14.540 
14.580 
14.590 
14.740 
14.890 
15.060 
15.120 
15.220 
15.410 
15.550 
15.750 
15.890 
16.070 
16.190 
16.270 

16.490 
16.680 
16.860 
16.865 
16.870 
16.960 
17.060 

SC Erosion - Stakeholders-REV-2.xIs (Profiles) 
512510 1 

Prepared by DEJ 

Maximum 
WSE (ft) '4 

1525.7 
1526.2 
1530.2 
1531.3 
1531.7 
1533.7 
1538.0 
1542.9 
1548.0 
1555.8 
1564.9 

1574.7 
1582.6 
1584.8 
1584.7 
1591.7 
1596.7 
1603.1 
1605.1 
1610.6 
1618.0 
1623.1 
1629.9 
1636.5 
1645.3 
1649.1 
1653.2 

1662.1 
1669.2 
1681 .O 

1686.4 
1687.3 

Left Bank 
Superelevati0 
n Freeboard 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0.4 
0.3 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0.2 
0.9 

0 
0 

Right Bank 
Superelevati0 
n Freeboard 

(fi) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.9 
1.1 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

Left Bank 
Levee 

Option - Top 
of Bank 

Elevation 

(ft) *' 

1528.7 
1529.2 
1533.2 
1534.3 
1534.7 
1536.7 
1541.0 
1545.9 
1551.0 
1558.8 
1567.9 

1577.7 
1585.6 
1587.8 
1587.7 
1594.7 
1600.1 
1606.5 
1608.6 
1613.6 
1621 .O 
1626.1 
1632.9 
1639.5 
1648.3 
1652.1 
1656.2 

1665.4 
1672.5 
1685.0 

1689.4 
1690.3 

Right Bank 
Fill Option. 

Top of 
Bank 

Elevation 

(ft) 'I 

1526.7 
1527.2 
1531.2 
1532.3 
1532.7 
1534.7 
1539.0 
1543.9 
1549.0 
1556.8 
1565.9 

1575.7 
1583.6 
1585.8 
1585.7 
1592.7 
1597.7 
1604.1 
1606.1 
1611.6 
1620.0 
1625.2 
1630.9 
1637.5 
1646.3 
1650.1 
1654.2 

1663.1 
1670.2 
1682.0 

1687.4 
1688.3 

Right Bank 
Levee 

Option - Top 
of Bank 

Elevation 

(ft) 
1528.7 
1529.2 
1533.2 
1534.3 
1534.7 
1536.7 
1541.0 
1545.9 
1551.0 
1558.8 
1567.9 

1577.7 
1585.6 
1587.8 
1587.7 
1594.7 
1599.7 
1606.1 
1608.1 
1613.6 
1622.0 
1627.2 
1632.9 
1639.5 
1648.3 
1652.1 
1656.2 

1665.1 
1672.2 
1684.0 

1689.4 
1690.3 

Left Bank 
Fill Option - 
Top of Bank 

Elevation 

(ft) " 

1526.7 
1527.2 
1531.2 
1532.3 
1532.7 
1534.7 
1539.0 
1543.9 
1549.0 
1556.8 
1565.9 

1575.7 
1583.6 
1585.8 
1585.7 
1592.7 
1598.1 
1604.5 
1606.6 
1611.6 
1619.0 
1624.1 
1630.9 
1637.5 
1646.3 
1650.1 
1654.2 

1663.4 
1670.5 
1683.0 

1687.4 
1688.3 

HEGRAS 
Minimum 
Elevation 

(ft) ' 
1518.5 
1519.0 
1518.8 
1518.2 
1521.5 
1522.6 
1528.7 
1535.2 

~ ~ c - 6  
General 

Scour Depth 
(ft) 

0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 

Antidune 
Trough 

Depth (ft) 

3.2 
3.2 
0.6 
0.3 
0.3 
2.2 
0.8 
1.8 

1542.1 
1546.3 
1557.5 

1559.6 
1571.6 
1576.0 
1578.0 
1581.7 
1583.2 
1591.3 
1595.8 
1598.9 
1607.6 
1613.4 
1616.3 
1626.8 
1634.3 
1637.5 
1639.4 

1653.3 
1662.3 
1671.7 

1671.2 
1676.2 

0 
0 
0 

0 
0 
0 
0 
0 ------- 
0 
0 
0 
0 

2.7 
2.5 
0 
0 
0 
0 

-p-ppppp 

0 

0 
0 
0 

0 
0 

Left Bank 
Bend Scour 
Depth, Z, 

(ft) 

0 
0 
0 
0 
0 
0 
0 
0 

0.2 
0.1 
0.1 

0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.4 
0.5 
0.5 

0.3 
0.2 
0.6 

0.6 
0.8 

1.1 
1.8 
1.6 

2.3 
3.6 
1.7 
3.2 
3.3 
4.5 
3.5 
4.4 
3.2 
3.1 
3.0 
2.7 
5.1 
3.3 
3.8 
4.7 

3.1 
2.5 
5.6 

1.9 
2.4 

Right Bank 
Bend Scour 
Depth, Z, 

(fi) 

0 
0 
0 
0 
0 
0 
0 
0 

0.7 
1.3 
1.1 

1.6 
2.7 
1.2 
2.3 
2.4 
2.6 
1.9 
2.6 
2.3 
2.2 
2.1 
1.8 
3.6 
2.1 
2.5 
3.1 

1.6 
1.3 
3.2 

0.8 
1.1 

1.1 
1.8 
1.6 

2.3 
3.6 
1.7 
3.2 
3.3 
3.5 
2.7 
3.6 
3.2 
6.5 
6.2 
2.7 
5.1 
3.3 
3.8 
4.7 

2.5 
2.0 
4.9 

1.9 
2.4 

0 
0 
0 

0 
0 
0 
0 
0 

0.8 
0.6 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0.4 
0.5 

0 
0 

Left Bank 
HEC-6 
Design 

Scour Depth 

(ft) " 
4.5 
4.5 
1.1 
0.8 
0.8 
3.1 
1.3 
2.6 

0.6 
1.3 
1.4 

2.2 
2.2 
1.3 
1.8 
2.5 
3.1 

Right Bank 
HEC-6 
Design 

Scour Depth 

(ft) 
4.5 
4.5 
1.1 
0.8 
0.8 
3.1 
1.3 
2.6 

3.0 
3.2 
3.0 

4.6 
5.8 
3.0 
4.9 
5.7 
7.6 

Depth to 
Arrnoring, yd 

(ft) 

2.5 
2.5 
0.8 
0.8 
0.9 
2.4 
1 .l 
1.5 

3.0 
3.2 
3.0 

4.6 
5.8 
3.0 
4.9 
5.7 
pp 

6.6 
2.1 
2.7 
2.6 
2.0 
2.3 
2.0 
3.1 
2.3 
3.1 

Left Bank 
Total 

Degredeation 

(ft) " 

7.0 
7.0 
3.0 
3.0 
3.0 
5.5 
3.0 
4.1 

5.7 
3.0 
8.1 

-- 

6.0 
4.9 
3.5 
8.3 
5.6 

3.0 
5.5 
3.4 
5.2 
4.6 
5.8 
5.2 

5.6 
7.0 
5.8 
5.1 
5.3 
4.7 
8.1 
5.5 
6.9 

Right Bank 
Total 

Degredeation 

(ft) " 
7.0 
7.0 
3.0 
3.0 
3.0 
5.5 
3.0 
4.1 

-----ppppppp 

6.1 
3.0 
8.5 
6.3 
4.3 
3.0 
7.6 
5.0 

4.8 
6.3 
5.8 
8.5 
8.5 
4.7 
8.1 
5.5 
6.9 

3.3 

1.9 
1 .O 
2.7 

1.2 
1.9 

3.0 
- 

5.5 
3.4 
5.2 
4.6 
5.8 
5.2 

- -~ 1 

Left Reach 
Average Tatal 
Degredation 

(ft) 

3.0 

1585.7 
1588.8 
1593.1 
1602.5 
1608.1 
1611.6 
1618.7 
1628.8 
1630.6 
1631.4 

1648.4 
1658.8 
1663.4 

1668.1 
1671.9 

8.0 

4.9 
3.5 
8.3 

3.1 
4.3 

1539.1 
1543.1 
1554.5 

1555.0 
1565.8 
1573.0 
1573.1 
1576.0 
1575.6 

8.0 

4.3 
3.0 
7.6 

3.1 
4.3 

Right Reach 
Average Total 
Degredation 

(ft) 

3.0 

1586.5 
1589.5 
1593.1 
1599.1 
1604.9 
1611.6 
1618.7 
1628.8 
1630.6 
1631.4 

1581.3 
1585.8 
1588.9 
1597.6 
1603.4 
1606.3 
1616.8 
1624.3 
1627.5 
1629.4 

1539.1 
1543.1 
1554.5 

1555.0 
1565.8 
1573.0 
1573.1 
1576.0 
1576.6 

Left Bank 
Toe h w n  
Elevation 

(fi) " 
151 1.5 
1512.0 
1515.8 
1515.2 
1518.5 
1517.1 
1525.7 
1531.1 

1532.1 
1536.3 
1547.5 

1549.6 
1561.6 
1566.0 
1568.0 
1571.7 
1573.2 

1649.0 
1659.3 
1664.1 

1668.1 
1671.9 

Right Bank 
Toe I 3 ~ n  
Elevation 

(ft) " 
1511.5 
1512.0 
1515.8 
1515.2 
1518.5 
1517.1 
1525.7 
1531.1 

1643.3 
1652.3 
1661.7 

1661.2 
1666.2 

HEC-RAS 
Min 

Elevation - 
10l (ft) 

1508.5 
1509.0 
1508.8 
1508.2 
1511.5 
1512.6 
1518.7 
1525.2 



Skunk Creek Watercourse Master Plan 

SKUNK CREEK SCOUR DEPTH - STAKEHOLDER'S ALTERNATIVE 

' All hydraulic parameters from HEC-RAS WMp-sC.p~j (Watercourse Master Plan-Skunk Creek) 
Provided by Stantec 4/10/XX)O. Worst case hydraulics. 
' General Scour Equation From Zeller. 1981 (COT Drainage Design and FP Mgmt 6.09 and Fuller Report) 

z, = Y,, * ((o.osssvmo~8y~h"-4+sB0.3~1) 
"When the general scour depth is negative (aggradation), the general scour component = 0 

Extracted from Stantec H E M  analysis graphs. Interpolated from peak to peak Straight Line. 
Wont Case between Future and Existing Conditions. 
Anti-dune scour depth fmm SLA. 1982 (COT 6.09 and Fuller Report) Z, = 0.0137 ' vm2 
If Za > 0.5 Yh, then k = 0.5 ' Yh 

" Bend Scour Depth From Zeller. 1981 (COT Drainage Design and FP Mgmt 6.1 I and Fuller Report) 
q, = ((0.0685 ' Y,, ((2.1 . (((sin2(alpha/2)) 1 (ws alpha))")) -1) 
alpha = degree of bend 

7 ~ t = 1 . 3 * ( & + & , + & + ~ + & )  

1.3 = Factor of Safety 
& = Local Scour = 0 

& = LOW Flow Thalweg Scour = 0 
'8 & = 1.3 ' (HEC-6 Z, + + & + & + &) Used to calculate toe down elevation 

Radius of Curve from Zeller 1981 (COT Drainage Design and FP Mgmt 6.1 1) 
r, I T = cos alpha 1(4 sin2(alpha/2)) 
r. = Radius of Curve 
T = Full Floodway Width (As opposed to main channel widhth) 

'10 Chow's Simplified Method of Determining Superelevation (p.448) 
Also the preferred method in Maricopa Drainage and Design Manual (p. 6-20) 
h = ( v 2 * ~ ) 1 ( g  .rc) 
V = Full Floodway Velocity (As opposed to Main Channel Velocity) 

SC Erosion - Stakeholders-REV-2.xIs (Scour Calcs) 

Stationing ID 
(River Miles) 

7 
13.02 
13.04 
13.08 
13.16 
13.28 
13.4 
13.55 
13.66 
13.86 
14.07 
14.3 
14.54 
14.58 
14.59 
14.74 
14.89 
15.06 
15.12 
15.22 
15.41 
15.55 
15.75 
15.89 
16.07 
16.19 
16.27 
16.49 
16.68 
16.86 
16.865 
16.87 
16.96 

6/1/01 
Prepared by DEJ 

Average 
Channel 

Velocity, V, 
( f~s)  

15.2 
15.2 
6.63 
4.79 
4.99 
12.57 
7.71 
11.59 
7.09 
9.71 
8.93 
10.93 
13.95 
9.23 
12.91 
13.16 
13.65 
11.67 
13.82 
12.87 
12.64 
12.46 
11.48 
16.13 
12.39 
13.45 
15.05 
10.68 
9.77 
15.33 

7.87 
8.94 

Design 
Discharge. 
Q (cfs) " - 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
26700 
27300 

27300 
27300 

Maximum 
Depth Main 
Channel, 
Y-, (ft) 

7.19 
7.19 
11.4 
13.1 
10.24 
11.14 
11.18 
10.71 
7.75 
9.54 
7.43 
15.13 
10.95 
8.83 
6.69 
9.96 
13.54 
11.83 
9.74 
11.66 
10.44 
9.69 
13.6 
9.65 
11 

11.58 
13.75 
8.83 
7.94 
9.31 
- -- 

15.18 
11.1 

Main Channel 
~ydraurc 

Depth, Y, (ft) 
7.18 
7.18 
9.58 
11.56 
8.09 
8.29 
5.89 
4.76 
3.67 
4.58 
4.65 
9.29 
6.76 
7.9 
6.16 
8.86 
9.62 
8.27 
7.06 
8.53 
7.37 
7.7 
9.13 
7.92 
9.44 
9.43 
10.5 
7.55 
5.96 
7.35 

- 

11.66 
8.22 

Energy 
Slope. S. 

( ~ f t )  

0.00183 
0.00183 
0.00249 
0.00102 
0.00111 
0.00717 
0.00421 
0.01251 
0.00647 
0.00919 
0.00751 
0.00473 
0.01126 
0.00394 
0.01075 
0.00706 
0.00687 
0.00611 
0.010598 
0.007235 
0.008348 
0.007444 
0.005219 
0.012086 
0.005793 
0.006878 
0.00796 
0.005644 
0.006639 
0.012661 -- 

0.001753 
0.003506 

General 
% ~ r  

Depth, &s 

(R) ' " 
5.9 
5.9 
-2.7 
-3.8 
-1.8 
-0.2 
-1.2 
-0.3 
-0.9 
-0.6 
-0.5 
-0.8 
0.1 
-0.6 
0.0 
-0.1 
0.0 
-0.4 
0.0 
-0.2 
-0.2 
-0.1 
-0.5 
0.4 
-0.2 
-0.1 
0.0 
-0.4 
-0.5 
0.1 -- 

-1.6 
-0.8 

Left Bank 
of 

Channel 
Bend in 
degrees 

0 
0 
0 
0 
0 
0 
0 
0 

HEC-6 General 
Scour Depth, 
HEC-6 %s (R) 

-4 

0.28 
0.28 
0.27 
0.27 
0.25 
0.23 
0.20 
0.18 
0.16 
0.12 
0.13 
0.14 
0.14 
0.14 
0.15 
0.15 
0.17 
0.19 
0.19 
0.19 
0.18 
0.18 
0.26 
0.34 
0.41 
0.47 
0.52 
0.33 
0.20 
0.58 

0.58 
0.76 

Antidune 
Trough 

-% 
(ft) " 
3.2 
3.2 
0.6 
0.3 
0.3 
2.2 
0.8 
1.8 
0.7 
1.3 
1.1 
1.6 
2.7 
1.2 
2.3 
2.4 
2.6 
I .9 
2.6 
2.3 
2.2 
2.1 
1.8 
3.6 
2.1 
2.5 
3.1 
1.6 
I .3 
3.2 --- 

0.8 
1.1 

~ i ~ h t  ~~~k 
Angle of 

Channel Bend 
in degrees 

0 
0 
0 
0 
0 
0 
0 
0 

Left Bank 
Bend "Our 

Zbs (ft) 
'6 

0 
0 
0 
0 
0 
0 
0 
0 

0 0 0 0 5.4 1955.8 0 0 0 0 
0 0 0 0 6.4 0 0 0 0 1746.5 

0.9 
I .7 
1.4 

-- - pp 
0 

Right Bank 
Bend Scour 
Depth. & 

(ft) " 
0 
0 
0 
0 
0 
0 
0 
0 

0.9 
1.7 

- 1.4 
0 
0 
0 
0 
0 
20 
20 
20 
0 
0 
0 
0 
0 
0 
0 
0 
20 
20 
20 

0 
0 

0 

Full Flow 
Channd 
Velocity 

15.2 
15.2 
6.4 
3.1 
3.4 
6.8 
4.8 
7.6 

2.3 
3.6 
1.7 
3.2 
3.3 
4.5 
3.5 
4.4 
3.2 
3.1 
3.0 
2.7 
5.1 
3.3 
3.8 

2.3 
3.6 
1.7 
3.2 
3.3 
3.5 
2.7 
3.6 
3.2 
6.5 
6.2 
2.7 
5.1 
3.3 

1.1 
I .8 
- 1.6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
30 
30 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

Full Flow 
Top Width 

(ft) 

244.6 
244.7 
493.6 
1116.4 
1379.0 
1265.0 
2105.6 
1588.8 

1.1 
1 .8 
1.6 

0 
0 
0 
0 
0 

0.8 
0.6 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0.4 

-- 0.5 

0 
0 

0 

4.7 

Left Bank 
Radius of 

Cuwture. rc 
a 9  

0 
0 
0 
0 
0 
0 
0 
0 

3.1 
2.5 
5.6 

I .9 
2.4 

0 
0 
0 
0 
0 
0 
0 
0 
0 

2.7 
2.5 
0 
0 
0 
0 
0 
0 
0 

0 -- 

0 
0 

5.5 

2.5 
2.0 
4.9 

1.9 
2.4 

Right Bank 
Radius of 

CuWature. rc '' 
0 
0 
0 
0 
0 
0 
0 
0 

5.0 
9.8 
8.4 
11.4 
10.7 
10.0 
9.0 
11.0 
9.6 
9.9 
10.5 
8.4 
12.2 
9.7 
9.6 
10.1 
8.1 
7.5 
15.3 

7.9 
8.4 

1943.4 

Left Bank 
Superelevati~n . del h (ft) *lo 

0 
0 
0 
0 
0 
0 
0 
0 

2221.8 
538.5 
651.3 
537.1 
630.5 
470.9 
530.0 
563.1 
574.9 
403.3 
533.4 
718.5 
391.5 
370.0 
496.0 
470.0 
670.0 
656.7 
242.1 

297.4 
456.0 

0 

Right Bank 
Superelevation 
, del h (ft) 'O 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

3669.0 
4129.0 
4387.0 

0 
0 
0 
0 
0 
0 
0 
0 

5219.7 
5116.0 
1886.2 

0 
0 

0 

Len bank 
Design 
Scour 

Depth. & (R) 
.7 

11.8 
11.8 
0.8 
0.4 
0.4 
2.8 
1.1 
2.4 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1303.5 
1724.0 

0 
0 
0 

- - - - - -  0 
0 
0 
0 
0 

0 
0 

0 

Klght Mank 
Design 
Scour 

Depth. 4 (ft) 
.7 

11.8 
11.8 
0.8 
0.4 
0.4 
2.8 
1.1 
2.4 

0 
- 

0 
0 
0 
0 
0 

0.4 
0.3 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0.2 
0.9 

Left Bank HEC. 
6 Design Scour 
Depth. 2, (R) 

4.5 
4.5 
1.1 
0.8 
0.8 
3.1 
1.3 
2.6 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.9 
1.1 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
HECB Design 
Scwr Depth, 

4 (ft) 
4.5 
4.5 
1.1 
0.8 
0.8 
3.1 
1.3 
2.6 

I 
0 0 
0 I 0 

2.1 
3.6 
1.5 
3.0 
3.1 
4.3 
3.3 
4.1 
2.9 
2.8 
2.8 
2.3 
5.2 
2.7 
3.2 
4.0 
2.6 
2.2 
5.1 

LeR Bank Average 
HECS Design 
scour ~ ~ ~ t h  

~ ~ d i ~ ~  to ,culler 
Reaches 

2.9 

2.1 
3.6 
1.5 
3.0 
3.1 
3.3 
2.4 
3.4 
2.9 
6.3 
6.0 
2.3 
5.2 
2.7 
3.2 
4.0 
2.0 
I .7 
4.4 

1 .I 
I .4 

Right Bank 
Average H E M  
~~~i~~ scour 

~ ~ ~ t h  ~ ~ ~ ~ d i ~ ~  to 
Fuller Reaches 

3.0 

1.1 
1.4 



SKUNK CREEK DEPTH TO ARMORING - STAKEHOLDER'S ALTERNATIVE 
Skunk Creek Watercourse Master Plan 

All hydraulic parameters from HECRAS WMP-UT.pj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 411012000. Worst Case hydraulics profile plan. 
Hydraulic Parameters are From Main Channel Between Overbanks 

'3 Pebble Count Graph of Stantec and Fuller Sediment Analysis 
" Unit Discharge, q = Velocity ' Average Depth of Flow (V * d) 
*5 First Attempt at Solving the Iterative Method 
*6 New Average Depth of Flow, dn =Assumed Depth to Armoring + Average Depth of Flow 

Vn = Unit Discharge I New Average Depth of Flow (V, = q I d,) 
-8 M-PM Coefficient 

For DS0 = 175 mm, M-PM, = 0.083 

*' Meyer-Peter Muller Method for Determining Dc 
D, = M-PM, * 0/,3) 1 (dn0.5) 

'O Competent Bottom Velocity Equation From From USBR 'Computing Degradation and Local Scour' p.10 and Fuller Report 
D, = 1.88 * (v:) 

'1 1 Shild's Method for Determining Dc 
D, = 0.262 * (V:) 1 (d,0.5) 

'12 Yang's Incipient Motion Equation From USBR 'Computing Degradation and Local Scour' p.14 and Fuller Report 
D, = 0.00659 * V* 

ya = 2 * D, 
^I4 yd = ya * ((lldel p)-l) - Depth to Armoring not Reached when yd > 25' 

SC Erosion - Stakeholders-REV-2.xIs (New Armoring Iterations) 1 

New Average 
Depth of Flow, 

d, (ft) '6 
7.4 
7.3 
6.2 
8.5 
5.9 
10.1 
6.1 
5.6 
3.1 
5.5 
5.5 
11 .O 
7.7 
7.0 
6.9 
9.6 
11.2 
8.8 
8.4 
9.7 
7.8 
8.4 
9.3 
9.3 
9.4 
10.7 
12.6 
7.2 
5.3 
7.7 

8.3 
6.3 

6/1/01 
DEJ 

New Average 
Depth of FIOW, 

dn (ft) '6 
6.36 
6.35 
5.64 
7.66 
5.26 
8.8 
5.38 
4.86 
2.77 
4.87 
4.78 
9.51 
6.68 
6.2 
6.09 
8.39 
9.59 
7.56 
7.17 
8.26 
6.8 
7.25 
8.1 3 
7.99 
8.22 
9.17 
10.83 
6.3 

4.72 
6.66 

7.26 
5.5 

New Average 
Channel 

Velmit~, Vn 

( f ~ s )  " 

7.9 
7.9 
5.5 
5.6 
5.6 
7.9 
6.1 
6.7 
4.9 
6.4 
6.5 
7.9 
7.5 
6.4 
7.4 
7.9 
8.6 
7.6 
8.0 
8.2 
7.4 
7.7 
7.5 
8.5 
7.7 
8.6 
8.8 
7.2 
5.9 
8.0 

6.3 
1.2 

New Average 
Channel 

Velocity, Vn 

( f ~ s )  

6.8 
6.9 
5.0 
5.1 
5.0 
6.9 
5.4 
5.8 
4.4 
5.7 
5.6 
6.8 
6.6 
5.7 
6.5 
6.9 
7.4 
6.6 
6.9 
7.0 
6.4 
6.7 
6.5 
7.3 
6.7 
7.4 
7.6 
6.3 
5.3 
7.0 

5.6 
6.3 

MPM 
Coefficient" 

0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 
0.3540 

0.3540 
0.3540 

Average 
Channel 

Velocit~, VIII 

(fps) 

1 1.23 
11.8 
6.1 
5.89 
6.32 
9.84 
7.18 
8.84 
5.68 

8 
8.39 
9.4 

10.12 
7.34 
10.24 
10.11 
11.18 
9.53 
1 1.33 
10.61 
9.45 
10.08 
9.05 
12.13 
9.86 
11.6 
11.48 
9.24 
6.98 
11.95 

7 
10.21 

Average 
Depth of 

Flow, d (ft) 
.I 2 

4.46 
4.3 
5.1 
7.26 
4.66 
7.1 
4.58 
3.66 
2.37 
3.87 
3.68 
8.01 
4.98 
5.4 

4.39 
6.59 
7.39 
6.06 
5.07 
6.36 
5.3 
5.55 
6.73 
5.59 
6.42 
6.77 
8.33 
4.9 
4.02 
4.46 

6.56 
3.9 

M-p, Muller 
Individual 

Particle Size, 
D, (mm) *' 

68.6 
68.5 
25.4 
22.3 
27.1 
59.7 
34.9 
47.4 
24.4 
41.2 
43.6 
57.0 
58.8 
37.1 
57.7 
61.2 
73.1 
57.4 
68.0 
67.2 
54.2 
60.4 
52.2 
76.5 
56.4 
73.4 
74.1 
52.3 
34.2 
70.3 

33.2 
57.3 

Lompetent 
Bottom 

Velocity Armor 
Size, Dc (mm) 

'1 0 

87.1 
89.3 
47.2 
48.0 
47.5 
90.0 
55.0 
63.7 
36.1 
60.2 
59.7 
87.9 
81 -0 
60.3 
80.0 
90.7 
102.5 
81.7 
88.5 
91.7 
77.5 
84.4 
80.1 
100.2 
84.9 
101.8 
107.8 
74.3 
52.3 
91 .O 

58.1 
75.1 

90% 
Particle 
sic, D90 

(mm)'3 

175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 
175 

175 
1 / 5  

Stationing 
ID (River 

Miles) 

13 
13.02 
13.04 
13.08 
13.16 
13.28 
13.4 
13.55 
13.66 
13.86 
14.07 
14.3 
14.54 
14.58 
14.59 
14.74 
14.89 
15.06 
15.12 
15.22 
15.41 
15.55 
15.75 
15.89 
16.07 
16.19 
16.27 
16.49 
16.68 
16.86 
16.865 
16.87 
16.96 

v 

Thickness to 
kmoring 

Layer3 Ya (mm) 
'13 

137.1 
137.0 
50.7 
44.5 
54.2 
11 9.4 
69.7 
94.8 
48.8 
82.4 
87.3 
113.9 
117.6 
74.3 
115.4 
122.4 
146.2 
114.8 
136.0 
134.3 
108.5 
120.8 
104.4 
153.1 
112.8 
146.9 
148.1 
104.7 
68.5 
140.6 

66.5 
114.6 

Percentage of 
Bed Material 

Larger than D, 

dei p " 
18.0 
18.0 
25.0 
26.0 
24.0 
18.0 
23.0 
20.0 
25.0 
21 .O 
21 .O 
19.0 
18.0 
22.0 
19.0 
18.0 
17.0 
19.0 
17.0 
18.0 
19.0 
18.0 
19.0 
17.0 
18.0 
17.0 
17.0 
19.0 
23.0 
17.0 

23.0 
19.0 

Unit 
Discharge, q " 

50.1 
50.0 
31.3 
42.8 
29.5 
69.9 
32.9 
32.4 
13.5 
31 .O 
30.9 
75.3 
50.4 
39.6 
45.0 
66.6 
82.6 
57.8 
57.4 
67.5 
50.1 
55.9 
60.9 
67.8 
63.3 
78.5 
95.6 
45.3 
28.1 
53.3 

45.9 
39.8 

Percentage of 
Bed Material 

Larger than D ,  

del p '3 

16.0 
16.0 
21 .O 
20.0 
20.0 
16.0 
19.0 
18.0 
23.0 
19.0 
19.0 
16.0 
16.0 
19.0 
17.0 
16.0 
15.0 
16.0 
15.0 
15.0 
17.0 
16.0 
16.5 
15.0 
16.0 
15.0 
14.0 
17.0 
20.0 
16.0 

18.0 
17.0 

MPM Assumed 
Depth to 

Armoring (ft) '5 

1.9 
2.1 
0.5 
0.4 
0.6 
1.7 
0.8 
1.2 
0.4 
1 

1 .I 
1.5 
1.7 
0 8 
1.7 
1.8 
2.2 
1.5 
2.1 
1.9 
1.5 
1.7 
1.4 
2.4 
1.8 
2.4 
2.5 
1.4 
0.7 
2.2 

0.7 
1.6 

ASL 
 each 
Code 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
0 
0 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

M-PM Depth 
to kmoring, Yd 

(ft) .I4 

2.0 
2.0 
0.5 
0.4 
0.6 
1.8 
0.8 
1.2 
0.5 
1 .O 
1.1 
1.6 
1.8 
0.9 
1.6 
1.8 
2.3 
1.6 
2.2 
2.0 
1.5 
1.8 
1.5 
2.5 
1.7 
2.4 
2.4 
1.5 
0.8 
2.3 

0.7 
1.6 

~ ~ l l ~ ~  
& a &  
Code 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
0 
0 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

CBV Assumed 
Depth to 

Armoring (ft) " 

2.9 
3.0 
1.1 
1.2 
1.2 
3.0 
1.5 
1.9 
0.7 
1.6 
1.8 
3.0 
2.7 
1.6 
2.5 
3.0 
3.8 
2.7 
3.3 
3.3 
2.5 
2.8 
2.6 
3.7 
3.0 
3.9 
4.3 
2.3 
1.3 
3.2 

1.7 
2.4 



SKUNK CREEK DEPTH TO ARMORING - STAKEHOLDER'S ALTERNATIVE 
Skunk Creek Watercourse Master Plan 

*I All hydra1 
Hydraulic 

Pebble Cc 
'4 Unit Disc1 
" First Atte 
" New Ave 

Vn = Unit 
M-PM CC 

For D 
" Meyer-PC 

D c = l  
'I0 Cornpetc 

D,=.  
'I1 Shild's h 

D c = (  
'12 Yang's II 

Stationing 
ID (River 

Miles) 

13 
13.02 
13.04 
13.08 
13.16 
13.28 
13.4 
13.55 
13.66 
13.86 
14.07 
14.3 
14.54 
14.58 
14.59 
14.74 
14.89 
15.06 
15.12 
15.22 
15.41 
15.55 
15.75 
15.89 
16.07 
16.19 
16.27 
16.49 
16.68 
16.86 
16.865 
16.87 
16.96 

SC Erosion - Stakeholders-REV-2.xIs (New Arrnoring Iterations) 
6/1/01 

DEJ 

Thickness to 
krnoring 

Layer, Ya (mm) 
'1 3 

174.1 
178.7 
94.3 
96.1 
95.0 
179.9 
110.0 
127.3 
72.3 
120.5 
119.4 
175.8 
161.9 
120.6 
160.1 
181.5 
205.0 
163.4 
177.1 
183.5 
155.0 
168.8 
160.2 
200.3 
169.8 
203.7 
21 5.6 
148.7 
104.6 
182.0 

116.2 
150.2 

CBV Depth to 
Armoring, Yd 

(ft) 
3.0 
3.1 
1.2 
1.3 
1.2 
3.1 
1.5 
1.9 
0.8 
1.7 
1.7 
3.0 
2.8 
1.7 
2.6 
3.1 
3.8 
2.8 
3.3 
3.4 
2.5 
2.9 
2.7 
3.7 
2.9 
3.8 
4.3 
2.4 
1.4 
3.1 

1.7 
2.4 

Shield's 
Assumed 
Depth to 

Arrnoring (ft) " 
1.6 
1.8 
0.3 
0.3 
0.4 
1.3 
0.6 
I .O 
0.3 
0.8 
0.9 
1.2 
1.4 
0.6 
1.4 
1.4 
1.8 
1.2 
1.7 
1.6 
1.2 
1.4 
1 .O 
2.0 
1.3 
1.9 
1.9 
1 .I 
0.6 
1.8 

0.5 
1 .I 

N ~ W  Average 
Depth of Flow, 

dn (ft) ' 6  

6.1 
6.1 
5.4 
7.6 
5.1 
8.4 
5.2 
4.7 
2.7 
4.7 
4.6 
9.2 
6.4 
6.0 
5.8 
8.0 
9.2 
7.3 
6.8 
8.0 
6.5 ---- 
7.0 
7.7 
7.6 
7.7 
8.7 
10.2 
6.0 
4.6 
6.3 

7.1 
5.0 

New Average 
Channel 

Veloci@, Vn 

(fps) '7 

8.3 
8.3 
5.7 
5.7 
5.8 
8.3 
6.3 
6.9 
5.0 
6.6 
6.7 
8.2 
7.9 
6.6 
7.8 
8.3 
9.0 
8.0 
8.5 
8.5 
7.7 
8.0 
7.9 
8.9 
8.2 
9.1 
9.3 
7.5 
6.1 
8.5 

6.5 
8.0 

Shields DC 
(rnm) 'l 

60.1 
60.1 
21.3 
17.2 
23.0 
52.0 
29.5 
40.6 
20.5 
35.3 
37.5 
47.2 
51 .I 
30.8 
51 .O 
53.7 
62.8 
48.9 
61.5 
56.6 
47.0 
51.8 
46.1 
67.8 
52.0 
66.1 
66.9 
46.0 
27.3 
64.6 

27.1 
59.2 

Percentage of 
Bed Material 
Larger than 
D ,  del p '3 

18.5 
18.5 
26.5 
28.0 
26.0 
20.5 
24.0 
21.5 
27.0 
23.0 
22.0 
20.0 
19.0 
24.0 
19.5 
19.0 
18.0 
20.0 
18.0 
19.0 
20.0 
19.0 
21 .O 
18.0 
20.0 
18.0 
18.0 
21 .O 
23.0 
18.0 

24.5 
26.5 

Thickness to 
Armoring 

Layer, Ya (mm) 
'13 

120.2 
120.1 
42.6 
34.5 
45.9 
104.0 
58.9 
81.2 
41.1 
70.7 
75.0 
94.3 
102.3 
61.7 
101.9 
107.5 
125.6 
97.9 
123.0 
113.1 
94.0 ----- 
103.7 
92.2 
135.6 
104.0 
132.3 
133.8 
91.9 
54.6 
129.2 

54.3 
118.4 

New 
Average 
Depth of 

Flow, d" (ft) 
'6 

7.5 
7.5 
6.3 
8.6 
6.0 
10.4 
6.2 
5.7 
3.2 
5.7 
5.5 
11.2 
7.9 
7.2 
8.7 
9.9 
11.5 
9.0 
8.5 
9.8 

--- 8.0 
8.6 
9.5 
9.6 
9.5 
10.9 
12.8 
7.3 
5.4 
7.9 

8.4 
6.4 

Shield's 
Depth to 

Armoring, Yd 

(ft) *14 

1.7 
1.7 
0.4 
0.3 
0.4 
1.3 
0.6 
1 .O 
0.4 
0.8 
0.9 
1.2 
1.4 
0.6 
1.4 
1.5 
1.9 
1.3 
1.8 
1.6 
1.2 
1.4 
1.1 
2.0 
1.4 
2.0 
2.0 
1.1 
0.6 

------ 1.9 

0.5 
1 .I 

Yang's 
Assumed 
Depth to 

Armoring (ft) 
'5 

3.0 
3.2 
1.2 
1.3 
1.3 
3.3 
1.6 
2.0 
0.8 
1.8 
1.8 
3.2 
2.9 
1.8 
4.3 
3.3 
4.1 
2.9 
3.4 
3.4 
2.7 
3.0 
2.8 
4.0 
3.1 
4.1 
4.5 
2.4 
1.4 
3.4 

1.8 
2.5 

New 
Average 
Channel 

Velocity, V, 

(fPQ '7 

6.7 
6.7 
4.9 
5.0 
4.9 
6.7 
5.3 
5.7 
4.2 
5.5 
5.6 
6.7 
6.4 
5.5 
5.2 
6.7 
7.2 
6.4 
6.8 
6.9 
6.3 
6.5 
6.4 
7.1 
6.6 
7.2 
7.5 
6.2 
5.2 
6.8 

5.5 
6.2 

Yang's 
Incipient 

Motion, DC (ft) 
'12 

0.297 
0.297 
0.160 
0.164 
0.161 
0.297 
0.187 
0.21 5 
0.119 
0.196 
0.209 
0.297 
0.270 
0.200 
0.176 
0.299 
0.341 
0.274 
0.303 
0.315 
0.258 
0.282 
0.269 
0.329 
0.291 
0.344 
0.366 
0.253 
0.177 
0.303 

0.1 99 
0.255 

Yang's 
Incipient 

Motion, D, 
(mm) 
90.5 
90.4 
48.8 
50.1 
49.0 
90.6 
56.9 
65.6 
36.2 
59.9 
63.8 
90.6 
82.2 
60.9 
53.8 
91.2 
103.9 
83.4 
92.4 
96.0 
78.7 
86.0 
82.0 
100.4 
88.8 
104.8 
111.6 
77.3 
53.8 
92.4 

60.6 
77.8 

- 

Percentage of 
Bed Material 

Larger than D ,  
del p '3 

16.0 
16.0 
20.0 
20.0 
20.0 
15.0 
19.0 
18.0 
22.0 
18.0 
18.0 
16.0 
16.0 
18.0 
19.0 
15.0 
14.0 
16.0 
15.0 
15.0 
16.0 
16.0 
16.0 
14.0 
16.0 
14.0 
14.0 
17.0 
20.0 
15.0 

18.0 
17.0 

Thickness to 
Arrnoring 

Layer, ya (mm) 
'13 

181.1 
180.8 
97.6 
100.3 
98.1 
181.3 
113.7 
131.3 
72.4 
119.8 
127.5 
181.2 
164.3 
121.7 
107.5 
182.3 
207.7 
166.9 
184.8 
192.0 
157.5 
172.0 
164.1 
200.8 
177.6 
209.7 
223.2 
154.5 
107.7 

- - - -  184.7 

121.2 
155.5 

Yang's Depth 
to Arrnoring, yd 

(ft) ̂ I4 

3.1 
3.1 
1.3 
1.3 
1.3 
3.4 
1.6 
2.0 
0.8 
1.8 
1.9 
3.1 
2.8 
1.8 
1.5 
3.4 
4.2 
2.9 
3.4 
3.6 
2.7 
3.0 
2.8 
4.0 
3.1 
4.2 
4.5 
2.5 
1 -4 
3.4 

1.8 
2.5 

A~~~~~~ ~ ~ ~ t h  
to Armoring for 
4 Methods (R) 

2.5 
2.5 
0.8 
0.8 
0.9 
2.4 
1 .I 
1.5 
0.6 
1.3 
1.4 
2.2 
2.2 
1.3 
1.8 
2.5 
3.1 
2.1 
2.7 
2.6 
2.0 
2.3 
2.0 
3.1 
2.3 
3.1 
3.3 
1.9 
1 .O 
2.7 

1.2 
1.9 



SKUNK CREEK EQUILIBRIUM SLOPE CALCULATIONS - STAKEHOLDER'S ALTERNATIVE 

Skunk Creek Watercourse Master Plan 

'* Fmm JEFM&G Report 
All hydraulic parameters from HEGRAS WMP-%.pi (Watercourse Master Plan-Skunk Creek) Future 10-year. Pmvided by Stantec 4110/2000. 
Hydraulic Parameters are From Main Channel Between Overbanks. 
Schoklitsch Equation for Zem Bedload Transport From USBR 'Computing Degradation and Local Scour' p.18 and Fuller Report 

s ~ =  K*((D~'BIQ)") 
K = 0.00174 
DM = Mean Partide Diameter (mm) From JEF Report 
B = Channel W M  (fl) = HEC-RAS Top of Channel Width 
Q = Flow Over Entire Cmss Section 

" Meyer-Peter. Muller Equation From USBR 'Computing Degradation and Local Scour' p.18 and Fuller Report 
SL = K * (WQB) ( ( n l ( ~ ~ ' ~ ) ) * . ?  * DM I d  

K =  0.19 
Q/Qs = Total Flow Divided by Flow Over Bed of Channel = I in Wide Channels 
Dm = Partide Size (mm) For Which 90% of Material by Weight is Finer Fmm JEF Report 
d = Mean Depth (ft) = H E W S  Hydraulic Depth Over Entire Cmss Section 

" Shield's Diagram Equation Fmm USBR 'Computing Degradation and Local Scout p.l&19 and Fuller Report 
T. = T, I (gamma, - gamma,.,) ' Dm 
T. = Dimensionless Shear Stress = 0.06 for particles > I .Omm and R > 500 
T,=gamma,*d "SL 
gamma, = Specific Weight of Particle = 165 lbm3 

gamma,., = Specitic Weight of Water = 62.4 lb/ft3 
Dm Diiers From D,. Shield's Particle Diameter Size Refers to 0, (Simons and Senturk p.172) 
Fuller used T = 0.055, M-P, Muller recommends T = 0.047. T = 0.06 is generally accepted in completely rough boundary (Simons and Senturk, P. 387) 

'' U. = Shear Velocity = (g ' R s,)'" or (7~(gamma,J~))~.~ from USBR & Simons and Senturk, P. 78 & 384 

R = Hydraulic Radius = Mean Hydraulic Depth, d in wide channels 
'7 R' = U. Dm I v to Determine if R' >500 

Dm in feet 

v = Kinematic Viscosity = 0.0000108 $/set 
When R.. 500 T = 0.06 on Shields Diagram 

(Min RAS Elev @ Beginning Sta. - Min RAS Elev @ Ending Sta.)/((Beginning Sta. No. - Ending Sta. No.) 5280) 
Altered if slope did not lit existing profile. 

'' Height of D r 0 ~  I (Invert Slope - Equilibrium Slope) 

SC Erosion - Stakeholders-REV-2.xIs (Equilibrium Slope) 6/1/01 
Prepared by DEJ 



% 

SONORAN WASH PROFILES - STAKEHOLDER'S ALTERNATIVE 
Skunk Creek Watercourse Master Plan 

*' Top of Levee = HEC-RAS WSE + Superel. + 3'. Top of Fill = HEGRAS WSE + Superel. + 1'. 
All hydraulic parameters from HEC-RAS WMP-UT.pfj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 4/3/2000. 

" Left or Right Bank Design Scour Depth = (HEC-6 General Scour + Anti-dune Trough Depth + Right or Left Bend Scour Depth) * 1.3 
" Total Degredation = Design Scour Depth + Armoring Depth. Minimum 3' 
" Toe Down Elevation = Minimum HEC-RAS Elevation -Total Degredation 

Sonoran Natural Channel Erosion Control.xls (Profiles) 
6/1/01 

Prepared by D-EJ 

Dynamic 
Depth to 

Armoring, yd 

(ft) 

1.5 
0.2 
0.8 
0.8 
1.1 
0.6 
0.7 
0.8 
0.8 
0.8 
I .2 
0.8 
0.8 
1.2 
0.8 
0.8 
0.9 
0.9 
0.9 
2.8 
2.1 

General 
Scour 

Depth (ft) 

-0.3 
-2.4 
-1.3 
-0.8 
-0.8 
-2.1 
-1.3 
-0.8 
-1.2 
-0.7 
-0.8 
-1.6 
-1 .O 
-0.7 
-1.9 
-1.2 
-1 .O 
-1 .O 
-1 .O 
-0.6 
-1.0 

--- 

Right Bank 
Fill Option - 
Top of Bank 
Elevation (ft) 

1 

1534.0 
1536.2 
1536.4 
1536.5 
1538.4 
1540.2 
1540.2 
1541.0 
1542.6 
1542.6 
1543.9 
1546.5 
1546.6 
1548.2 
1551.0 
1551.0 
1551.4 
1551.8 
1551.9 
1555.8 
1557.6 

Stationing 
ID (River 
miles) 

- 
1 .OW 
1 .OW 
1.150 
1.150 
1.210 
1.250 
1.250 
1.290 
1.330 
1.330 
1.380 
1.480 
1.480 
1.560 
1.650 
1.650 
I .678 
1.699 
1.699 
1.720 
1.770 

Left Bank 
Total 

-redeation 

(ft) " 

3.0 
3.0 
3.0 
3.0 
3.7 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.4 
3.3 
Same as 

Antidune 
Trough 

Depth (ft) 

0.8 
0.1 
0.5 
0.4 
0.6 
0.3 
0.4 
0.5 
0.4 
0.4 
0.6 
0.4 
0.4 
0.6 
0.4 
0.4 
0.5 
0.5 
0.5 
1.3 
0.9 

-~~ 

HEGRAS 
Minimum 

Elevation (ft) ' 

1527.0 
1526.5 
1530.3 
1530.3 
1531.3 
1531.5 
1531.5 
1534.4 
1536.7 
1536.7 
1536.6 
1539.4 
1539.4 
1542.0 
1543.0 
1543.0 
1543.6 
1544.1 
1544.1 
1544.6 
1545.6 

Left Reach 
Average Total 
Degredation 

(ft) 

3.0 
3.0 
4.4 
3.1 

Right Bank 
Total 

-redeation 

(ft) " 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.2 
3.0 
3.0 
3.0 
3.7 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.4 
3.3 

Structural DIS 

Left Bank 
Fill Option - 
Top of Bank 
Elevation (ft) 

I 

1534.0 
1536.2 
1536.4 
1536.5 
1538.9 
1540.0 
1540.0 
1540.7 
1542.3 
1542.3 
1543.4 
1546.5 
1546.6 
1548.2 
1551.0 
1551.0 
1551.4 
1551.8 
1551.9 
1555.8 
1557.6 

- -- 

Maximum 
WSE (ft) ' 

1533.0 
1535.2 
1535.4 
1535.5 
1537.4 
1539.0 
1539.0 
1539.7 
1541.3 
1541.3 
1542.4 
1545.5 
1545.6 
1547.2 
1550.0 
1550.0 
1550.4 
1550.8 
1550.9 
1554.8 
1556.6 

Left Bank 
Levee 

Option - Top 
of Bank 

Elevation (ft) 
' I  

-- 

1536.0 
1538.2 
1538.4 
1538.5 
1540.9 
1542.0 
1542.0 
1542.7 
1544.3 
1544.3 
1545.4 
1548.5 
1548.6 
1550.2 
1553.0 
1553.0 
1553.4 
1553.8 
1553.9 
1557.8 
1559.6 

Left Bank 
Bend Scour 
Depth, Zi, 

(ft) 

0 
0 
0 
0 

1.4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
Levee 

Option - Top 
Of Bank 

Elevation (ft) 
1 

1536.0 
1538.2 
1538.4 
1538.5 
1540.4 
1542.2 
1542.2 
1543.0 
1544.6 
1544.6 
1545.9 
1548.5 
1548.6 
1550.2 
1553.0 
1553.0 
1553.4 
1553.8 
1553.9 
1557.8 
1559.6 

Left Bank 
Superelevation 
Freeboard (ft) 

0 
0 
0 
0 

0.4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

H E C - ~ S  
Min 

Elevation - 
lo '  (ft) 

1517.0 
1516.5 
1520.3 
1520.3 
1521.3 
1521.5 
1521.5 
1524.4 
1526.7 
1526.7 
1526.6 
1529.4 
1529.4 
1532.0 
1533.0 
1533.0 
1533.6 
1534.1 
1534.1 
1534.6 
1535.6 

Right Bank 
Bend Scour 
Depth, Zb 

(ft) 

0 
0 
0 
0 
0 

1.4 
1.6 
1.2 
0.9 
1 .O 
1.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
Superelevation 
Freeboard (ft) 

0 
0 
0 
0 
0 

0.2 
0.2 
0.3 
0.3 
0.3 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
Toe I3own 

Elevation (ft) 
-5 

1524.0 
1523.5 
1527.3 
1527.3 
1528.3 
1528.5 
1528.3 
1531.4 
1533.7 
1533.7 
1532.9 
1536.4 
1536.4 
1539.0 
1540.0 
1540.0 
1540.6 
1541.1 
1541.1 
1540.1 
1542.3 

Right Reach 
Average Total 
Degredation 

(ft) 

3.0 
3.0 
4.4 
3.1 

Left Bank 
Design 

Scour Depth 

(ft) %3 

1.1 
0.2 
0.7 
0.6 
2.6 
0.5 
0.5 
0.6 
0.6 
0.6 
0.8 
0.6 
0.5 
0.8 
0.5 
0.5 
0.6 
0.7 
0.7 
1.7 
1.2 

Left Bank 
Toe Down 

Elevation (ft) 
' 5  

1524.0 
1523.5 
1527.3 
1527.3 
1527.6 
1528.5 
1528.5 
1531.4 
1533.7 
1533.7 
1533.6 
1536.4 
1536.4 
1539.0 
1540.0 
1540.0 
1540.6 
1541.1 
1541.1 
1540.1 
1542.3 

- -  

Right Bank 
Design 

Scour Depth 

(ft) %3 

1.1 
0.2 
0.7 
0.6 
0.8 
2.2 
2.5 
2.2 
1.7 
1.9 
2.5 
0.6 
0.5 
0.8 
0.5 
0.5 
0.6 
0.7 
0.7 
1.7 
1.2 



Skunk Creek Watercourse Master Plan 

SONORAN WASH SCOUR DEPTH 
STAKEHOLDER'S ALTERNATIVE 

All hydraulic parameters from HEGRAS WMP-UT.ptj (Watercourse Master Plan-Unnamed Trib) 
Provided by Stantec 4/3/2000. 

2 General Scour Equation From Zeller, 1981 (COT Drainage Design and FP Mgmt 6.09 and Fuller Report) 
?,, = Y,, * ( ( O . O ~ ~ ~ * V ~ ~ ~ C / ~ " . ~ * S ~ ~ ~ I )  

When the general scour depth is negative (aggradation), the general scour component = 0 
' Extracted from Stantec HEC-6 analysis graphs. Interpolated from peak to peak Straight Line. 

Worst Case between Future and Existing Conditions. 
" Antidune scour depth from SLA, 1982 (COT 6.09 and Fuller Report) Z, = 0.0137 * vm2. 

If Za > 0.5 ' Yh. then Za = 0.5 ' Yh 
'6 Bend Scour Depth Fmm Zeller, 1981 (COT Drainage Design and FP Mgmt 6.11 and Fuller Report) 

& = ((0.0685 ' Y,, ' V,,,~.~)/(Y>'*S~)) ((2.1 (((sin2(alpha/2)) I (cos alpha))'')) -1) 
alpha = degree of bend 

Erosion Will Occur on Outside Bank Right and Left Bank Lwking Upstream (Opposite of HEGRAS) 
'7 &=1.3*(Zgs+Z,+Zb,+&+Zlff) 

1.3 = Factor of Safety 
Z, = Local Scour = 0 

4 = Low Flow Thahweg Scour = 0 

&= 1.3 * ( H E M  Zg, + Za + Zbs + & + Zlff) Used to calculate toe down elevation 

" Radius of Curve from Zeller 1981 (COT Drainage Design and FP Mgmt 6.11) 
rc 1 T = cos alpha I (4 ' sin2(alpha/2)) 

rc = Radius of Curve 
T = Full Floodway Width (As opposed to main channel widhth) 

Chow's Simplified Method of Determining Superelevation (p.448) 
Also the preferred method in Maricopa Drainage and Design Manual (p. 6-20) 
h =  0 / 2 . * ~ ) / ( ~  *rc) 
V = Full Floodway Velocity (As opposed to Main Channel Velocity) 

Stationing ID 
(River Miles) 

1 .OO 
1.09 
1.15 
1.15 
1.21 
1.25 
1.25 
1.29 
1.33 
1.33 
1.38 
1.48 
1.48 
1.56 
1.65 
1.65 
1.68 
1.70 
1.70 
1.72 
1.77 

Sonoran Natural Channel Erosion Control.xls (Scour Calcs) 

Main Channel 
Hydraulic 

Depth, Yh (ft) 

3.92 
5.88 
2.7 

2.82 
3.54 
3.93 
4.04 
3.01 
3.42 
3.43 
4.06 
4.19 
4.22 
3.97 
4.34 
4.35 
3.8 
3.58 
3.59 
6.21 
6.43 

6/1/01 
Prepared by DEJ 

Fuller 
Reach 
Code 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
0 

Energy 
Slo~e. S, 

(fVA) 

0.00620 
0.00065 
0.01146 
0.00603 
0.00646 
0.00478 
0.00305 
0.00616 
0.00730 
0.004617 

- 0.005604 

0.003201 
0.005403 
0.004814 
0.003069 
0.00452 
0.005004 
0.004991 
0.006119 
0.004214 

Design 
Discharge, Q 

(cfs) ' 

9700 
1700 
1700 
1700 
1700 
1700 
1 700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1 700 
1700 
1 700 
1700-- 
9700 
9700 

Average Channel 
Velocity, Vm (fps) 

7.83 
2.95 
6.12 
5.71 
6.78 
5.03 
5.1 
6.02 
5.71 
5.69 
6.88 
5.68 
5.4 
6.72 
5.39 
5.39 

6 
6.07 
6.07 
9.71 
8.22 

General 
Scour Depth, 

&, (ft) ' " 

-0.3 
-2.4 
-1.3 
-0.8 
-0.8 
-2.1 
-1.3 
-0.8 
-1.2 
-0.7 
-0.8 

-1.0 
-0.7 
-1.9 
-1.2 
-1 .O 
-1.0 
-1 .O 
-0.6 
-1.0 

Antidune 
Trough Depth, 

Z, (ft) " 

0.8 
0. I 
0.5 
0.4 
0.6 
0.3 
0.4 
0.5 
0.4 
0.4 
0.6 

0 ~ 0 0 5 ~ - 1 . 6 ~ ~ ~ ~ - -  0.4 
0.4 
0.6 
0.4 
0.4 
0.5 
0.5 
0.5 
1.3 
0.9 

Maximum 
Depth Main 
Channel, 
Y,,, (ft) 

5.97 
8.74 
5.09 
5.22 
6.12 
7.46 
7.47 
5.29 
4.57 
4.57 
5.84 
6.09 
6.17 
5.18 
6.98 
6.98 
6.77 
6.75 
6.75 
10.27 
10.98 

H E M  General 
Scour Depth, HEC 

6 &S (ft) '4 

Left Bank 
Angle of 

Channel Bend 
in degrees 

0 
0 
0 
0 
30 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
Angle of 

Channel Bend 
in degrees 

0 
0 
0 
0 
0 
30 
30 
30 
30 
30 
30 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Left Bank 
Bend dcour 

Zb, 
(ft) '6 

0 
0 
0 
0 

1.4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
Bend Scour 

Zb, 
(ft) '6  

0 
0 
0 
0 
0 

1.4 
1.6 
1.2 
0.9 
1 .O 

1.3 -~ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Full Flow 
Velocity " 

5.0 
1.5 
6.1 
5.7 
6.8 
4.5 
4.6 
6.0 
5.7 
5.7 

5.3 
4.6 
6.7 
5.4 
5.4 
6.0 
6.1 
6.1 
5.5 
4.5 

Full Flow 
Channel Top 
Width. T (ft) 

2 

769.4 
812.9 
103.0 
105.8 
70.9 
275.1 
275.2 
93.8 
87.2 
87.2 
60.8 
283.1 
283.7 
63.7 
72.6 
72.4 
74.5 
78.1 
78.1 

855.2 
957.1 

Left Bank 
Radius of 

Curve, rc '' 

0 
0 
0 
0 

229.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
Radius of 

Curve, r, '$ 

0 
0 
0 
0 
0 

889.2 
889.4 
303.0 
281.8 
281.9 
196.4 

0 
0 
0 
0 
0 
0 
0 

~ 

0 
0 
0 

Left Bank 
Superelevati0 
n, del h (ft)'O 

0 
0 
0 
0 

0.4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
Superelevation 
, del h (ft)"' 

0 
0 
0 
0 
0 

0.2 
0.2 
0.3 
0.3 
0.3 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Left Bank 
Design 

Scour Depth, 

4 (ft) '' 

1.1 
0.2 
0.7 
0.6 
2.6 
0.5 
0.5 
0.6 
0.6 
0.6 
0.8 
0.6 
0.5 
0.8 
0.5 
0.5 
0.6 
0.7 
0.7 
1.7 
1.2 

Right Bank 
Design 

Scour Depth, 

4 (ft) 

1.1 
0.2 
0.7 
0.6 
0.8 
2.2 
2.5 
2.2 
1.7 
1.9 
2.5 
0.6 
0.5 
0.8 
0.5 
0.5 
0.6 
0.7 - 
0.7 

Average HEC- 
6 Design Scour 

Depth 
According to 

Fuller Reaches 

0.8 

1.7 
1.2 



Skunk Creek Watercourse Master Plan 

LONG TERM ARMORING DEPTH - DYNAMIC METHOD 
STAKEHOLDER'S ALTERNATIVE 

' All hydraulic parameters from HEC-RAS WMP-UT.prj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 413R000. 
Hydraulic Parameters are From Main Channel Between Overbanks 

"Pebble Count Graph of Stantec and Fuller Sediment Analysis 
'4 Unit Discharge, q =Velocity Average Depth of Flow (V d) 
'S First Attempt at Solving the Iterative Method 
a New Average Depth of Flow, d. =Assumed Depth to Armoring +Average Depth of Flow 

V. = Unit Discharge I New Average Depth of Flow O/. = q I d.) 
" M-PM Coefficient 

For 0% = 175 mm, M-PM. = 0.083 

Meyer-Peter Muller Method for Determining Dc 
D, = M-PM, (V:) 1 (d.0.5) 

'lo Competent Bottom Velocity Equation From From USBR 'Computing Degradation and Local Scour' p.10 and Fuller Report 
= 1.88 (v.2) 

'" Shild's Method for Determining Dc 
Dc = 0.262 ' (v:) 1 (d.0.') 

"' Yang's Incipient Motion Equation From USBR'Computing Degradation and Local Scour' p.14 and Fuller Report 
, D. = 0.00659 * v 2  

y a = 2 * D ,  
'$4 yd = ys + ((lldel p>l) - Depth to Armoring not Readed when yd > 25' 

Sonoran Natural Channel Erosion Control.xls (New Armoring Iterations) 
6/1/01 

DEJ 

Shield's 
Assumed 
Depth to 

Arrnoring (R) " 

Lompetent 
Bottom 

Velocity Armor 
Size, DC (mm) 

'10 
MPM 

Coefficient " 

New Average 
Depth of Flow, 

d, (fl) 

47.3 
14.8 
33.7 
31.7 
39.4 

29.0 
30.2 
332 
33.6 
33.4 
42.7 
35.3 
33.2 
41.6 
32.3 
32.4 
36.1 
35.8 
35.9 

percentage of 
Bed Material 
Larger than 
D,del p 

Average 
Channel 

Velocity. V. 

(fps) -z 

stationing 
ID (River 
Miles) 

0.0830 
0.0830 
0.0630 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 
0.0830 

M-P. Muller 
Individual 

Partide Sue. 
D, (mm) 

New Average 
Channel 

Velocity. V. 

(fps) " 

90% 
Particle 

Size. &I 
(mm) 

12.0 
25.0 
15.0 
15.0 
13.0 
15.0 
15.0 
14.0 
14.0 
14.0 
13.0 
14.0 
14.0 
13.0 
14.0 
14.0 
14.0 
14.0 
14.0 

Thidmess to 
Amloring 

Layer, Y. (mm) 
.i3 

7.83 
2.95 
6.12 
5.71 
6.78 
5.03 
5.1 
6.02 
5.71 
5.69 
6.88 
5.68 
5.4 
6.72 
5.39 
5.39 

6 
6.07 
6.07 

Unit 
Discharge, q " 

Average 
Depth of 

Flow. d (ft) 
" 

1 
l .W 

1.14981 
1.15 
121 

124961 
125 
129 

1.32982 
1.33 
1.38 

1.4798 
1.48 
1.56 

1.64981 
1.65 
1.678 

1.69878 
1.699 

ASL 
Reach 
Code 

0.0830 
0.0830 

15.5 
0.9 
10.2 
8.1 
11.3 
5.3 
5.5 
9.3 
7.6 
7.5 
11.3 
6.8 
6.4 
11.6 
6.2 
6 2  
8.4 
8.9 
8.9 

Percentage of 
Bed Material 
Larger than 
D, del p " 

CBV Depth to, 
Armoling. Yd 

(ft) 'I4 
Shields Dc 
(mm) 

60 
60 
60 
60 
60 
60 ------- 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

~ ~ l l ~ ~  
Reach 
Code 

94.6 
29.6 
67.5 
63.4 
78.9 
58.1 
60.4 
66.5 
67.2 
66.8 
85.4 
70.7 
66.5 
83.2 
64.7 
64.8 
72.3 
71.6 
71.7 

9.71 
8.22 

30.7 
17.3 
16.5 
16.1 
24.0 
19.8 
20.6 
18.1 
19.5 
19.5 
27.9 
23.8 
22.8 
26.7 
23.4 
23.4 
22.8 
21.7 
21.8 

MPM Assumed 
Depth to 

Armoring (ft) " 

3.92 
5.88 
2.7 
2.82 
3.54 
3.93 
4.04 
3.01 
3.42 
3.43 
4.06 
4.19 
4.22 
3.97 
4.34 
4.35 
3.8 
3.58 
3.59 

1.72 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22.1 
15.5 

25.0 
69.0 
31 .O 
39.0 
29.0 
49.0 
49.0 
34.0 
40.0 
40.0 
29.0 
43.0 
45.0 
29.0 
45.0 
45.0 
37.0 
36.0 
36.0 

-------- 

60 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Percentage of 
Bed Material 
Larger than 
D, del p " 

-- 

60.3 
52.9 

0.3 
0 

0.1 
0.1 
0 2  
0 
0 

0.1 
0.1 
0.1 
0 2  
0.1 
0 

0.1 
0 
0 

0.1 
0.1 
0.1 

New Average 
Depth of Flow, 

d, (ft) " 

Thkk~~ess to 
Annoring 

Layer. Y. (mm) 
.I3 

6.21 0 

Thickness to 
Amoring 

Layer, y. (mrn) 
'13 

1 

18.0 
25.0 

CBV Assumed 
D ~ t h  to 

Armoring (ft) 'S 

New Average 
Channel 

Velocity, Vn 

(fps) " 

M-PM Depth 
to Armoring, 

yd (fl) 'I4 

2 

1 
I 

I 
I 

2.3 1 I 
0.3 1 0 
1.3 i 0.5 
1.2 1 0.2 

4.9 
5.9 
3.2 
3.0 
4 2  
4.1 
4.2 
3.5 
3.8 
3.8 
4.6 
4.6 
4.5 
4.7 
4.6 
4.7 
4.3 
4.1 
4.1 

0.6 
0.3 

4.22 
5.88 
2.8 
2.92 
3.74 
3.93 
4.04 
3.1 I 
3.52 
3.53 
426 
429 
4.22 
4.07 
4.34 
4.35 
3.9 
3.68 
3.69 

31.1 
1.8 

20.4 
16.3 
22.7 
10.7 
11.0 
18.6 
15.1 
14.9 
22.7 
13.7 
12.7 
23.2 
12.5 
12.5 
16.8 
17.8 
17.8 

1.7 
1 .I ------ 
I .I 
1.3 
1.4 
1.3 
1.9 
1.4 
1.3 
1.8 
1.3 
1.3 
1.5 
1.4 
1.4 

2.2 
0.3 
1.2 
I .I 
I .7 
1 .I 0.0--- 
1.1 
1.3 
1.2 
1 2  
1.8 
1.3 
1.2 
1.7 
1.3 
1.3 
1.4 
1.4 
1.4 

New Average 
Depth of Flow. 

d, (fl) a 

7.3 
3.0 
5.9 
5.5 
6.4 
5.0 
5.1 
5.8 
5.5 
5.5 
6.6 
5.5 
5.4 
6.6 
5.4 
5.4 
5.8 
5.9 
5.9 

0.3 
0.0 
0.1 
0.1 
0.2 

0.0 
0.1 
0.1 
0.1 
0 2  
0.1 
0.1 
0 2  
0.1 
0.0 
0.1 
0.1 
0.1 

44.2 
31 .O 

0.7 
0 2  
0 2  
0.5 
0.4 
0.4 
0.7 
0.4 
0.3 
0.7 
0.3 
0.3 
0.5 
0.5 
0.5 

New Average 
Channel 

Velocity- Vn 

(fps) " 

6.81 
6.73 

6.2 
3.0 
5 2  
5.3 
5.7 
4.8 - 
4.9 
5.2 
5.1 
5.1 
5.9 
5.2 
5.0 
5.7 
5.0 
5.0 
5.3 
5.3 
5.3 

6.1 
6.2 
3.9 
3.9 
5.2 
5.0 
5.1 
4.3 
4.6 
4.6 
5.9 
5.5 
5.4 
5.7 
5.6 
5.7 
5 2  
5.0 

, 5.0 
8.9 ---------- 
7.9 

0.7 82.5 

5.0 
2.8 
4.2 
4.1 
4.6 
3.9 
4.0 
4 2  
4.2 
4.2 
4.8 
4.3 
4.2 
4.7 
4.1 
4.1 
4.4 
4.4 
4.4 

28.7 
2.8 
20.2 
22.9 
23.1 
14.1 
14.6 
192 
17.9 
17.7 
24.3 
17.0 
15.8 
22.6 
15.6 
15.6 
18.8 
19.6 
19.6 

0.3 

- 

16.0 
62.0 
19.0 
19.0 
17.0 
26.0 
26.0 
20.0 
22.0 
22.0 
17.0 
22.0 
24.0 
17.0 
25.0 
25.0 
21 .O 
19.0 
19.0 

---------------- 

57.4 
5.5 

40.3 
45.7 
462 
28.3 
292 
38.5 
35.8 
35.4 
48.5 
34.1 
31.6 
452 
31.2 
31 2 
37.7 
392 
39.2 

----- --- 

- 

- - 

63.1 

- -- 



Skunk Creek Watercourse Master Plan 

LONG TERM ARMORING DEPTH -DYNAMIC METHOD 
STAKEHOLDER'S ALTERNATIVE 

" All hydra1 
Hydraulic 
Pebble Ci 

*' Unit Disct 
'5 First Atte 

New Ave 
" V, = Unit 

M-PM CC 
For C 

Meyer-Pc 
Dc = 1 

" O  Cornpet, 
D. = 

" Shild's h 
D- = I 

Sonoran Natural Channel Erosion Controlxls (New Anoring Iterations) 
6/1/01 

DEJ 



UNNAMED WASH EQUILIBRIUM SLOPE CALCULATIONS - STAKEHOLDER'S ALTERNATIVE 

Skunk Creek Watercourse Master Plan 

I " Fmm JEFIH8G Report 
All hydraulic parameters hum HECRAS WMP-UT.prj (Waterrouse Master Plan-Unnamed Tnb). Pmwded by S tank  4/3ROM. 
Worst Case hvdraulcs mfile. Hvdaulic Parameters a-e From Main Channel Beween Overbanks 
S c h o k l i   quat ti on f& zero E&ad  rans sport ~ m m  USER CaComplting Degradation and Local Smut p.18 and Fuller Report 

SL=K'((D.*BIQ)~) 
K = 0.W74 
D. = Mean Partide Diameter (mm) Fmm JEF Report 
E = Channel W m  (8) = H E W  Top of Channel Width 
Q = Flow Over Entire Cross Section -' Meyer-Peter, Muller Equation From USER 'Computirg Degmlahn and LceI Smut p.18 and Fuller Report 

SL = K ' (WG) ' ((n l (~~" ) ) ' ~~ )  . DM 1 d 
K = 0.19 
W& = Total Flow Divided by Flow Over Bed of C h a n  = I in Wide Channels 
0, = Particle Size (mm) For Which 90% of Material by Weight is Finer Fmm JEF Report 
d = Mean Depm (fl) = HEGRAS Hydraulic Depth Over Entire Cmss Section 

ShlIUs Diagram Equation From USER Gmputing Degradation and Local Smuf p.1819 and Fuller Report 
T. = T. I (gamma. - gamma,,) ' DM 
T. = Dimensionless Shear Stress = 0.06 for particles > l.Omm and R > 500 
T.=gamma*d'S, 
g a m w  = Specific Weight of ParScle = 165 IW@ 
gamma. = Specific Weight of Water = 62.4 I& 
Fuller used T = 0.W. M-P. Muller recommends T = 0.047. T = 0.06 is generally accepted in completely rough boundary (Simns and Senturk, P. 387) 

'6 U. = Shear Velocity = (g ' R ' s,)'" or (T~(garnmaJg))~+from USBR 8 Simons and Senturk. P. 78 8 384 
R = Hydraulic Radius = Mean Hydraulic Depth, d in wide channels 

R* = U.. DS / v to Determine if R' >5W 
Dm in feet 
v = Kinematic Viscosity = 0.0000108 Visec 
When R. > 5W T = 0.06 on Shields Diagram 

a (Min RAS Elev @ Beginning Sta. - Min RAS Elev @ Ending Sta.)l((Beginning Sta. No. - Ending Sta. No.) ' 5280) 
Altered if slope did not fit existing profile. 

Height of Dmp/ (Invexl Slope - Equilibrium Slope) 
Height of Drop Between Structures = 5' 

Sonoran Natural Channel Erosion Control.xls (Equilibrium Slope) 
6/1/01 

Prepared by DEJ 



SONORAN WASH PROFILES - STAKEHOLDER'S ALTERNATIVE 
Skunk Creek Watercourse Master Plan 

" Top of Levee = HEC-RAS WSE + Superel. + 3'. Top of Fill = HEC-RAS WSE + Superel. + 1'. 
All hydraulic parameters from HEGRAS WMP-UT.pj (Watercourse Master Plan-Unnamed Trib) Provided by Stantec 4/3/2000. 

'3 Left or Right Bank Design Scour Depth = (HEC-6 General Scour + Anti-dune Trough Depth + Right or Left Bend Scour Depth) ' 1.3 
" Total Degredation = Design Scour Depth + Armoring Depth. Minimum 3' 
'5 Toe Down Elevation = Minimum HEC-RAS Elevation - Total Degredation 

Sonoran By Pass Erosion Control.xls (Profiles) 
6/1/01 

Prepared by DEJ 

Left Bank 
Design 

S W U ~  Depth 

(ft) 

1.1 
0.2 
0.4 
1 .O 
5.5 
0.8 
1.3 
0.6 
0.4 
0.7 
0.9 
I .5 
2.7 
1.1 
1 .I 
2.2 
2.5 
2.0 
3.2 
1.7 
I .2 

General 
Scour 

Depth (ft) 

-0.3 
-1.5 
-1 .O 
-0.1 
0.4 
-0.6 
0.0 
-0.8 
-1.2 
-0.4 
-0.4 
-0. I 
0.3 
-0.3 
-0.3 
0.2 
0.2 
0.1 
0.4 
-0.6 
-1 .O 

Stationing 
ID (River 

miles) 

-- ~ 

1.000 
1.090 
1.150 
1.150 
1.210 
1.250 
1.250 
1.290 
1.330 
1.330 
1.380 
1.480 
I .480 
1.560 
1.650 
I .650 
1.678 
1.699 
1.699 
1.720 
I .770 

Right Bank 
Design 

Scour Depth 

(ft) .3 

1.1 
0.2 
0.4 
1 .O 
3.2 
3.7 
3.5 
2.9 
2.5 
2.4 
2.7 
1.5 
2.7 
1.1 
1.1 
2.2 
2.5 
2.0 
3.2 
1.7 
1.2 

Right Bank 
Levee 

Option - Top 
of Bank 

Elevation (ft) 
I 

1536.0 
1537.2 
1537.4 
1537.0 
1539.5 
1542.6 
1542.6 
1543.5 
1543.9 
1543.9 
1544.7 
1546.4 
1546.5 
1550.2 
1552.0 
1551.5 
1552.5 
1553.6 
1553.1 
1557.8 
1559.6 

Maximum 
WSE (ft) '2 

1533.0 
1534.2 
1534.4 
1534.0 
1536.5 
1539.2 
1538.9 
1540.1 
1540.7 
1540.5 
1541.2 
1543.4 
1543.5 
1547.2 
1549.0 
1548.5 
1549.5 
1550.6 
1550.1 
1554.8 
1556.6 

Dynamic 
Depth to 

Armoring, yd 
(ft) 

1.5 
0.0 
0.2 
0.6 
2.7 
1 .O 
1.7 
0.8 
0.3 
0.8 
1.1 
I .5 
2.1 
1.3 
1.4 
2.2 
2.1 
2.1 
2.6 
2.8 
2.2 

Right Bank 
Bend Scour 
Depth, Zb 

(ft) 

0 
0 
0 
0 
0 

2.2 
1.7 
1.7 
1.7 
1.3 
1.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Antidune 
Trough 

Depth (ft) 

0.8 
0.2 
0.3 
0.8 
2.1 
0.6 
1 .O 
0.5 
0.3 
0.5 
0.7 
1.1 
1.8 
0.9 
0.9 
1.5 
1.7 
1.4 
2.0 
1.3 
0.9 

Left Bank 
Fill Option - 
Top of Bank 
Elevation (ft) 

i 

1534.0 
1535.2 
1535.4 
1535.0 
1538.9 
1540.2 
1539.9 
1541.1 
1541.7 
1541.5 
1542.2 
1544.4 
1544.5 
1548.2 
1550.0 
1549.5 
1550.5 
1551.6 
1551.1 
1555.8 
1557.6 

Left Bank 
Bend Scour 
Depth, Zbs 

(ft) 

0 
0 
0 
0 

1.8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- - 

Left Bank 
Superelevation 
Freeboard (ft) 

0 
0 
0 
0 

1.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Left Bank 
Total 

Degredeation 

(ft) " 

3.0 
3.0 
3.0 
3.0 
8.2 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.8 
3.0 
3.0 
4.5 
4.6 
4.1 
5.8 
4.5 
3.4 

Right Bank 
Fill Option - 
Top of Bank 
Elevation (ft) 

i 

1534.0 
1535.2 
1535.4 
1535.0 
1537.5 
1540.6 
1540.6 
1541.5 
1541.9 
1541.9 
1542.7 
1544.4 
1544.5 
1548.2 
1550.0 
1549.5 
1550.5 
1551.6 
1551.1 
1555.8 
1557.6 

HEC-RAS 
Minimum 

Elevation (ft) 

1527.0 
1526.5 
1527.1 
1529.1 
1529.8 
1530.2 
1532.2 
1532.6 
1533.1 
1535.1 
1535.6 
1536.6 
1538.6 
1539.5 
1540.5 
1542.5 
1542.7 
1542.9 
1543.9 
1544.6 
1545.6 

Right Bank 
Superelevation 
Freeboard (ft) 

0 
0 
0 
0 
0 

0.4 
0.7 
0.3 
0.2 
0.4 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Right Bank 
Total 

Degredeation 

(ft) " 

3.0 
3.0 
3.0 
3.0 
5.8 
4.6 
5.2 
3.7 
3.0 
3.2 
3.8 
3.0 
4.8 
3.0 
3.0 
4.5 
4.6 
4.1 
5.8 
4.5 
3.4 

Left Bank 
Levee 

Option - Top 
of Bank 

Elevation (ft) 
" 

1536.0 
1537.2 
1537.4 
1537.0 
1540.9 
1542.2 
1541.9 
1543.1 
1543.7 
1543.5 
1544.2 
1546.4 
1546.5 
1550.2 
1552.0 
1551.5 
1552.5 
1553.6 
1553.1 
1557.8 
1559.6 

Left Reach 
Average Total 
Degredation 

(ft) 

3.0 
3.0 
8.2 
3.8 

Right Reach 
Average Total 
Degredation 

(ft) 

3.7 
3.0 
5.8 
3.9 

-- 

Left Bank 
Toe Down 

Elevation (ft) 
5 

1524.0 
1523.5 
1524.1 
1526.1 
1521.6 
1527.2 
1529.2 
1529.6 
1530.1 
1532.1 
1532.6 
1533.6 
1533.8 
1536.5 
1537.5 
1538.0 
1538.1 
1538.8 
1538.1 
1540.1 
1542.2 

~ 

Right Bank 
Toe I3own 

Elevation (ft) 
5 

1524.0 
1523.5 
1524.1 
1526.1 
1524.0 
1525.6 
1527.0 
1528.9 
1530.1 
1531.9 
1531.8 
1533.6 
1533.8 
1536.5 
1537.5 
1538.0 
1538.1 
1538.8 
1538.1 
1540.1 
1542.2 

~ 

HECRAS 
Min 

Elevation - 
lo' (ft) 

151 7.0 
1516.5 
1517.1 
1519.1 
1519.8 
1520.2 
1522.2 
1522.6 
1523.1 
1525.1 
1525.6 
1526.6 
1528.6 
1529.5 
1530.5 
1532.5 
1532.7 
1532.9 
1533.9 
1534.6 
1535.6 



SONORAN WASH SCOUR DEPTH - STAKEHOLDER'S ALTERNATIVE 

Skunk Creek Watercourse Master Plan 

' All hvdraulk Darameterr from HECRAS WMP UT.ai Mlateimurse Master Pkn Unnamed Trib) 

H 
L&Bank Right Bank 

Maximum General Lefl sank Right Bank Leff wight Bank Full Flow Design Design ~ ~ ~ t h  

Stationing Fuller Design Depth Main Main Channel Energy Antidune Angle of Angle of Bend Smur Bend Smur Channel Lefl Bank ~ g h t  Bank Lefi Bank Right Bank Scour Scour Acmrding to 
ID (KN- Reach Discharge. ~ v e a g e  Channel w, klydraulic Slope. S. Depth. &S Tmugh Dew. Channd Bend C h a r d  Bend D w ~ .  Zb. Depth Zb Full Fbw Top W&. Radius of Radius of SWeEkvatio Superelevah Depm. & (fl) Dw~L,& (fl) Fuller 
Miles) Code Q (6) " ve!&W. V, (ips) Y,. (fl) Depth. Yh (fl) (Wff) (fl) 2, (fl)- in degrees in degrees (fl) ' ( f f )  ' Vekxity ' T (fl) Curve, r. Curve rc R dei h (8)"' , del h (fl)'" ' Reaches 

- . .. 
provibed by Stantec 413~000. 

- 

?Gemxi Smur Equation From Mler. 1981 (COT D r a i ~ g e  Design and FP Mgmt 6.09 and Fuller Report) 
L = Y- - ~~0.osssv.OdV~L0*.S.~1) 

- 

- .- .. . . .. . . . 

-When the wried scour de@ Ls negaUve (zggradatian), the general smur mmponent = 0 
Extracted hom Stantec HEM analysis graphs. Interpolated from peak to peak Straight Une. 

worst case between ~uture and ~ x i S t i ~ G ~ o n d i n s .  
Anti-dune smurdepth frwn SLA. 1982 (COT 6.09 and ~ul ler  ~ & r t )  2. = 0.M37 ' v:. 
I fZa>O.5 'Yh,Ma=Od'Yh 
Eend Smui Depth Fmm Zeller, 1981 (COT Drainage Design and FP Mgmt 6.11 and Fuller Report) 

& = ((0.013% Y,*V~4)l(Y~AS~3)) ' ((2.1 ' ( ( ( s i n Z ( d ~ ) )  I (WS alpha))")) -1) 
alpha = degree of bend 

Erosion Will Occur on Outside Bank Right and Lefl Bank Looking Upstream (Opposite of HEGRAS) 
7z,=r.3*(q,+z.+&+z,,+z.) 

1.3 = Facm of Safety 
4 = Local Smur = 0 
4 = Low Flow Thahveg Scour = 0 

4= 1.3 ' ( H E M  Z, + 2. + Zg + 4 + .&) Used to calculate toe down elevation 
Radius of Cwve from Zeller 1981 (COT Drainage Design and FP Mgmt 6.1 1) 

r, 1 T = ms alpha / (4 ' sin2(alpha/2)) 
r. = Radius of Curve 

- 

T = Full Floodway Widm (As opposed to maln channe4 widhth) 
.'D Chos's Stm~llfied Method of Determintno Sumrelevation I D  4481 

Also the preferred method in ~a r impa  ~ai r !age and ~Esign Manual (p. 620) 
h=(v2 '~) /@'r . )  
V = Full Floodway Velocity (As opposed to Main Channel Velocity) 

~ 

Sonoran By Pass Erosion Control.xls (Soour Cala) 
6H101 

Prepared by DEl 

~ ~ ~ ~ - ~ ~ ~ - - ~ ~ ~ - ~  
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SONORAN WASH LONG TERM ARMORING DEPTH - DYNAMIC METHOD 
STAKEHOLDER'S ALTERNATIVE 

Skunk Creek Watercourse Master Plan 

' All hydra1 
Hydraulic 
Pebble CI 

'Unit Disct 
First Alte 

'6 New Ave 
v,, = Unit 

" M-PM CC 
For C 

Meyer-PI 
D.=l 

-40 Cornpet, 
D, = 

'" Shild's h 

Sonoran By Pass Erosion Control (New Amloring Iterations) 
6/110 1 

DEJ 



SONORAN WASH EQUILIBRIUM SLOPE CALCULATIONS - STAKEHOLDER'S ALTERNATIVE 

Skunk Creek Watercourse Master Plan 

" Fmm JEFlH&G Report 
All hydaulii parameterr fmm HECRAS WMP-UT.prj (Watermum Master Plan-Ummed Trib). Provided by Stantec M O W .  
Hydradic Parameterr are Fmm Maln C M  Between Overbank. 
SChdditSch Equation (or Zero Bedload Transport Fmm USER Canwliw Degradation and Local SCOW p.18 and Fuller Report 

% = K ' ((D. 8 I Q)"') 
K = 0.00174 
DM = Mean Parlide Diameter (mm) Fmm JEF Report 
B = Chamel Wb3h (ft) = H E W  Top of Channel Width 
Q = Flow Over Entire Cross Section 

'' Meyer-Peter, ~ u ~ e r ~ q u a m  ~ m m  USBR 'Computing Degadation and Local Scour p.18 and Fuller Report 
& = K (WQ) * ( ( n l ( ~ ~ ~ ) ) " )  * DM I d 

K = 0.19 
WG = Total Flow Divided by Flow Over Bed of Channel = I in Wide C h a w  
D, = Parlide Sue (mm) For Which 90% of Materlal by WeiaM is Finer Fmm JEF Report 
d =Mean Deph (ft) = HEGRAS Hydraulic D e w  Over Entire Cross Section 

ShieliYs Diiram Equation Fmm USER '&Computing Degradation and Local Smut p.1819 and Fuller Report 
T. = T. 1 (gamma, - gamma.) DM 
T. = Dimensionless Shear Stress = 0.06 for particles > 1.Omm and R > 500 
T,=gamq'd'SL 
gammq = Specific Weight of Pamcle = 155 I& 
gamma. = Specific Weight of Water = 62.4 I& 
Fuller used T = 0.055, M-P. Muller reoommends T = 0.047. T = 0.06 is generally accepted in mmdetely rough boundary (Simons and Senturk. P. 387) 

'6 U. = Shear Velocity = (9 ' R ' SL)ln or (TJ(gammaJg))o.5from USER 8 Simons and Sentuh P. 78 8 384 
R = Hydraulic Radius = Mean Hydraulic DepUI, d in wide channels 

R' = U. ' Ds 1 v to Determine if R* >5M1 
DS in feet 
v = Kinematic Viscosity = 0.OMM108 ff21sec 
When R. > 5OO T = 0.06 on Shields Diagram 

a (Min RAS ElevQ Beginning Sta. - Min RAS Eiev Q Ending Sta.)/((Beginning Sta. No. - Ending Sta. No.) 5280) 
Altered if slope did not fit existing profile. 

Height of DmpI (Invert Slope- Equilibrium Slope] 
Height of Drop Between Structures = 5' 

Sonoran By Pass Emslon Controi.xls (Equilibrium Slope) 
611101 

Prepared b y  DEJ 
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Armor Quantities 

Phase 2 



Skunk Creek Watercwrse 
Master Plan Phase II 

SKUNK CREEK BANK PROTECTION VOLUMES 
LOW IMPACT ALTERNATIVE 

SC II Low Impact Erosion Contml-Rev-1 .xis (Armor Quantities) 
6/21 10 1 

DEJ 



Skunk Creek Waternurse 
Master Plan Phase II 

SKUNK CREEK BANK PROTECTION VOLUMES 
LOW IMPACT ALTERNATIVE 

" All hydraulic parameters from HEC-RAS SCWF.prj 
Top of Bank = WSE + Superelevation + 3' 

a Minimum HEGRAS Elevation - HEC-6 Design Scour Depth - Amring Depth 
' Slope Length = ((Top of Bank -Toe ~ o w n y  + ((Top of Bank -Toe Down) ' 2)'p5 
" USER D, from USGS WRI Report 86-4128 Figure 38 

050 = 0.0122 *vazffi 
a Layer Thickness = 1.5 Reach Max D, (1' Minimum) 

Volume per Length = Slope Length * Layer Thickness 
'((Suceeding Station No. -Station No.) ' 5280 ' (L Bank + R Bank Volume per Length)) 127 

Used USACOE (&COT) Method of 213 ' Dumped D, with a 1' Minimum as per FHWA HEC-11 Table 5 p. 84 

"O Height of Bank = Top of Bank - Toe Down 
.tt CSA Cement =Volume of CSA ' 7% 

Density of Cement = 150 lblf? 

SC II Low Impact Erosion Control-Rev-1 .XIS (Armor Quantities) 
6/21/01 

DEJ 





Skunk Creek Waternurse 
Master Plan Phase II 

SKUNK CREEK PROFILES 
LOW IMPACT ALTERNATIVE 

Lefl Top Right Top HEC-RAS HECG Lefl Bank Right Bank Lefl Bank Right Bank Right Lefl Bank Right Bank Lefi Bank Rimt Bank HEC-RAS Lefl Top Right Top Lefl Reach Right Reach Left TOE - Right TOB - Left Reach Right React 
Station ID Left Bank Right Bank Of Bank of Bank Minimum General Antidune Bend Scwr Bend Scwr HEC-6 HEC-6 Design Depth to Left Bank Bank Toe Total Total Toe Down Toe Down of Bank - of Bank - Average Total Average Total HEC-RAS HEC-RAS Average Average 

Maximum Superelevation Superelevation Elevation Elevation Elevation Scour Trough Depth. &. Depth. &. Design SwJr Scour Armoring. yd Toe Dorm Down wedeat ion -redeation Elevation Elevation Elevation - Toe Down Toe Down Degredation Degredation Min 1 1 A R e  1 hJSE f l  o a r  f l  o a r  f l  f l  1 f l  1 f l  1 ( 1  t h  f l  f l  / f l  1 e f l  a 1 (fl) 1 (ft) 1 Extents 1 Extents 1 (fl)-4 1 (fl) '' 1 (fl)-5 1 (ft).5 1 1:;) 1 (fl) 1 (fl) 1 lfl) 1 [fl\ IEIevat ion lg&ation 1 zE$:d 

I None I N n n ~  I I 

Shangri-La 

. - - , . - - . . . - . -. . .- - - , . . - - . . - . - -.- I 1 25 740 IN- R w ~ r  Rmdl 7106 4 1 0 I 0 1 7 1 0 9 4 1 2 1 0 9 4 1  21000 1 0 5  1 0 6  1 0 I 0 1 1 4  1 1 4  1 0 4  1 Nonp I None 1 3 0  1 3 0  1 7 0 9 7 0 1  70970 1 7 0 9 0 0  1 174 1 174  1 1 I 9A 1 9 4  I I I - - . . . - . . - . . . .. . -. . - - . - - . . - . . . . . - . . . . . - . . . . . ... ... .. . . . -. . - . . . . . - ... - - - . . - - - - . . - - - - - . - . - . . . -. . , -. . 
25.780 New River Road 2107.0 0 0 2110.0 2110.0 ( 2100.0 0.5 0.9 0 0 1.9 1.9 0.6 None None 3.0 3.0 2097.0 2097.0 2090.0 13.0 13.0 3.3 3.0 10.0 10.0 
25.830 New River Road 21 12.7 0 0 2115.7 2115.7 1 2105.1 0.4 1.5 0 0 2.5 2.5 1.1 None None 3.6 3.6 2101.5 2101.5 2095.1 14.2 14.2 3.0 3.0 10.6 10.6 
25.950 New River Road 21 19.4 0 0 2122.4 2122.4 ( 2121.7 0.4 1.3 0 0 2.3 2.3 1.3 None None 3.6 3.6 2118.1 2118.1 2111.7 4.3 4.3 6.1 6.1 0.7 0.7 
26.170 .New River Road. 2132.7 . 0 0 2135.7 2135.71 2121.7 0.4 . 2.8 0 0 . 4.3 . 4.3 . 1.8 . None . None 6.1 6.1 . 2115.6 . 2115.6 . 2111.7 . 20.1 . 20.1 . 3.8 . 3.5 . 14.0 . 14.0 . 8.1 . 8.0 NewRiver 

" Top of Levee = HEC-RAS WSE + Superel. + 3' 
All hydraulic parameters from HEGRAS SCWF.prj 
Existing (Worst case) hydraulics. 

" Left or Right Bank Design Scour Depth = (HEC-6 General Scwr + Antidune Trough Depth + Right or Lefl Bend Scour Depth) ' 1.3 
'4 Total Degredation =Design Scour Depth + Anoring Depth. Minimum 3' 
" Toe Down Elevation = Minimum HEC-RAS Elevation -Total Degredation 

SC II Low Impact Erosion Control-Rev-1 .XIS (Profiles) 
6/21/01 

DEJ 



Skunk Creek Watercourse 
Master Plan Phase II 

SKUNK CREEK SCOUR DEPTH 
LOW IMPACT ALTERNATIVE 

SC II Low Impact Erosion Control-Rev-I .XIS (Scour Calcs) 
6/21 I0 1 

DEJ 

Average HEG 
6 Left Bank 

Design Scour 
Depth 

3.2 

1 

Average HEC 
6 Right Bank 
Design Scour 

Depth 

3.2 

Anti-dune 
Trough 

Depth. 2, 

(fl) " 

1.2 
3.1 

0.8 
0.6 
2.5 
2.4 
2.3 
2.0 
2.0 
2.2 
2.4 
1.9 
1.9 
2.3 
1.2 
2.1 

~ ~ h t  ~~~k 
~ n g l e  of 

Channel Bend 
in degrees 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Station ID 
(River 
Miles) 

16.680 
16.860 
16.665 
16.870 
16.960 
17.060 
17.180 
17.300 
17.390 
17.480 
17.570 
17.650 
17.780 
17.840 
17.950 
18.090 
18.160 

Right Bank 
Bend Scour 
Depth, Zbt 

(fl) " 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

~ ~ f t  ~~~k 
Angle of 

Channel Bend 
in degrees 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Lefl Bank 
Bend Scour 
Depth, & 

(ft) '6  

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Average 
Channel 
Velocity, 
V, (fps) 

9.4 
14.93 

7.59 
6.87 
13.61 
13.26 
12.88 
12.22 
12.14 
12.77 
13.29 
11.86 
11.72 
13.05 
9.51 
12.24 

3.0 
1.2 
3.0 
2.2 
1.1 
1.3 
2.2 
1.2 
2.2 
2.0 
0.8 
2.1 
1.4 
1.6 
2.2 
2.1 
1.2 
2.0 
I .5 
1 .O 
2.5 
2.6 
1.1 
2.3 
1.3 
2.1 
2.0 
2.2 
2.2 
2.2 
2.1 
2.0 
3.7 
3.6 
1.5 
1.1 
I .8 
1 .O 
2.3 
I .8 
1.1 
1.5 

. 0.9 - 

1 .O 
1.4 
1.1 
1.3 
0.8 
I .9 
I .4 
2.7 
3.2 

0 
0 

18.230 
18.290 
18.490 
18.570 
18.740 
18.840 
18.960 
19.070 
19.180 
19.260 
19.410 
19.520 
19.620 
19.720 
19.830 
19.920 
20.050 
20.160 
20.260 
20.380 
20.480 
20.620 
20.640 
20.710 
20.790 
20.900 
20.980 
21.050 
21.110 
21.180 
21.250 
21.310 
21.350 
21.410 
21.490 
21.580 
21.630 

Reach Code 

4 
4 

Carefree 
Carefree 
Carefree 
Carefree 
Carefree 
C a r e f r e e  
Carefree 
Carefree 
Carefree 
Carefree 
Carefree 
Carefree 
Carefree 

Skunk Tank 
Skunk Tank 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0.5 
0.5 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Full Flow 
Velocity " 

7.2 
14.9 

7.6 
5.1 
9.0 
9.7 
7.4 
9.2 
8.6 
8.5 
7.7 
7.5 
9.0 
9.1 
6.7 
8.1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-~~p 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

14.75 
9.19 
14.92 
12.62 
9.11 
9.84 
12.67 
9.42 
12.66 
12.18 
7.78 
12.26 
10.23 
10.95 
12.68 
12.32 
9.51 
12.11 
10.34 
8.42 
13.63 
13.74 
9.16 
12.87 
9.68 
12.5 
12.21 
12.78 
12.79 
12.75 
12.24 
12.17 
A6.44 
16.24 
10.45 
8.99 
11.56 

Maximum 
Depth Main 
Channel, 
Y-, (fl) 

8.16 
8.17 

15.33 
10.3 
11.2 
9.07 
9.02 
9.13 
7.32 
11.73 
13.12 
8.52 
6.44 
7.81 
11.51 
8.4 

Design 
Discharge, 
Q (cfs) " 

26700 
27300 

27300 
27300 
27300 
27300 
27300 
27300 
27300 
27300 
27300 
27300 
27300 
27300 
27733 
27733 

Skunk Tank 
SkunkTank 
SkunkTank 
SkunkTank 
SkunkTank 
SkunkTank 
SkunkTank 
SkunkTank 
SkunkTank 
SkunkTank 
Skunk Tank 
SkunkTank 
Skunk Tank 
SkunkTank 
SkunkTank 

Cobbled Bank 
Cobbled Bank 
CoWIedBank 
Cobbled Bank 
Cobbled Bank 
Cobbled Bank 
RodgerCreek 
RodgerCreek 
RodgerCreek 
RodgerCreek 
RodgerCreek 
Rodger Creek 
RodgerCreek 
RodgerCreek 
Rodger Creek 
RodgerCreek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
RodgerCreek 
Rodger Creek 

8.2 
6.7 
9.4 
7.2 
7.5 
8.0 
7.6 
6.2 
9.1 
7.4 
6.0 
8.7 
8.0 
8.3 
8.9 
7.6 
5.9 
8.6 
8.2 
6.1 
7.8 
8.0 
6.6 
7.6 
6.8 
7.5 
7.8 
7.7 
7.9 
7.3 
6.2 
7.1 
7.8 
7.3 
7.7 
7.1 
6.9 
5.6 
9.4 
7.5 
7.0 
7.5 
6.3 
8.3 
9.6 
8.0 
9.1 
6.4 
9.3 
8.1 
9.5 
8.3 

Full Flow 
Channel 

Top Width. 
T (fl) ' 

660.6 
270.0 

141 1.4 
919.9 
863.3 
792.0 
961.1 
905.8 
870.2 
769.1 
862.8 
946.1 
916.2 
819.5 
920.3 
811.0 

11.92 
11.69 
8.73 
11.4 
11.2 
10.08 
9.16 
11.87 
10.8 
13.35 
8.94 
9.16 
10.52 
9.98 
11.32 
13.44 
9.61 
9.23 
8.82 
10.14 
9.02 
9.58 
8.38 
10.2 
9.47 
9.97 
13.29 
12.25 
11.45 
11.08 
12.42 

Main Channel 
~ydraulic 

Depth, y,, (fl) 
6.18 
6.78 

12.18 
7.42 
7.46 
7.23 
7.91 
6.57 
6.54 
8.23 
10.83 
7.14 
5.68 
6.4 
6.51 
6.71 

21.690 
21.770 
21.820 
21.910 
21.990 
22.080 
22.150 
22.220 
22.290 
22.360 
22.430 
22.480 
22.560 
22.670 
22.730 

27733 
27733 
27733 
27733 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
20 
20 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.6 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

804.7 
712.9 
826.7 
942.5 
876.3 
702.0 
1018.9 
1061.0 
841.7 
840.2 
988.4 
709.7 
698.9 
751.5 
690.6 
716.2 
1055.8 
1086.9 
1135.6 
1213.5 
1058.4 
931.5 
960.1 
1064.7 
1127.7 
1002.5 
997.4 
937.6 
886.9 
992.3 
1278.6 
862.7 
780.1 
738.2 
722.4 
1123.3 
1334.9 
1416.0 
924.2 
1177.4 
1123.6 
1400.2 
1517.7 
1048.2 
789.4 
1181.1 
996.2 
1296.2 
1062.8 
960.2 
718.1 
766.0 

Energy 
Slope, S, 
(m) 

0.00586 
0.01283 

0.00154 
0.00237 
0.00941 
0.00923 
0.00768 
0.00893 
0.00877 
0.00720 
0.00548 
0.00752 
0.00985 
0.01044 
0.00541 
0.00883 

Rodger Creek 
Rodger Creek 
RodgerCreek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
RodgerCreek 
RodgerCreek 
Rodger Creek 
Rodger Creek 
RodgerCreek 
RodgerCreek 
Rodger Creek 

12.1 
10.51 
9.17 
11.8 
7.85 

g.?! 
10.21 
10.77 
9.73 
11.74 
7.92 
7.77 
9.9 
9.44 
11.41 

Lefl Bank 
Radius of 

Curve, r, " 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

HEM 
General Scour 
Depth, HEG6 

&, (ff) " 

0.32 
0.68 

0.68 
0.88 
0.88 
0.76 
0.64 
0.52 
0.32 
0.32 
0.32 
0.32 
0.32 
0.28 
0.26 
0.24 

0.00638 
0.01476 
0.01099 
0.00838 
0.01204 
0.00764 
- 

0.01141 
0.01239 
0.00828 
0.01202 
0.00770 
0.01958 
0.00763 
0.01372 
0.01134 

5.66 
5.79 
6.08 
5.2 
4.93 

- - 4.77 
3.93 
4.7 
5.2 
4.37 
4.41 
4.15 
6.7 
6.94 
9.6 

9.11 
8.64 
6.6 
7.98 
6.04 
6.62 
8.18 
9.09 
6.67 
10.63 
6.59 
7.28 
8.07 
7.4 

8.35 
10.9 
7.34 
5.58 
3.84 
4.69 
7.04 
7.98 
6.12 
7.26 
5.46 
7.08 
7.62 
8.67 

Right Bank 
Radius of 

Curve, r, " 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Lefl Bank 
Su!Jerekvafin 
, del h (ft)'l" 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.00879 
0.00350 
0.01320 
0.00744 
0.00860 
0.00894 
0.01141 
0.00542 
0.01470 
0.00813 
0.00561 
0.01248 
0.00787 
0.00960 
0.01089 
0.00739 
0.00426 
0.01W1 
0.01178 
0.00607 
0.00934 
0.00790 
0.00493 
0.00783 
0.00640 
0.00758 
0.00659 
0.00607 
0.00662 

0.32 
0.2 
0.2 
0.56 
0.56 
0.76 

- 

0.8 
1.06 
0.8 
0.8 
0.8 
0.72 
0.6 
0.24 
0.3 

1 

11.85 
12.07 
13.21 
9.48 
8.78 
10.39 

27332 
27332 
27332 
27332 
27332 

2 7 3 3 1  
- 27332 - 

27332 
27332 
27332 
27332 
27332 
27332 
27332 
27332 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5580.1 
8225.9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.18 
0.14 
0.12 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.1 
0.12 
0.12 
0.12 
0.14 
0.14 
0.16 
0.16 
0.18 
0.2 
0.2 
0.22 
0.24 
0.24 
0.28 
0.4 
0.46 
0.52 
0.56 

0.00488 
0.00755 
0.00767 
0.00856 
0.00898 
0.01072 

8.1 
8.23 
10.72 
9.49 
11.01 
10.98 
6.39 
4.88 
6.34 

8.36 
12.83 
11.48 
9.03 
10.41 
8.12 
8.73 
10.14 
8.77 
9.59 
7.69 
11.86 
10.12 
13.98 
15.38 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8468.1 
8847.1 
9453.8 
8245.9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.2 
0.1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

RigM Bank 
SuIIerelevatiOn 
, del h (fl)"' 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.64 
0.62 
0.54 
0.4 
0.32 
0.32 

0.00646 
0.00429 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0.3 
0.1 
0.2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Lefl Bank HEC 
6 Design 

Scour Depth, 

4 (ft)" 
2.0 
4.9 

1.9 
2.0 
4.4 
4.1 
3.6 
3.3 
3.0 
3.3 
3.6 
2.9 
2.9 
3.4 
1.9 
3.0 

0.76 
0.76 

Riiht Bank 
H E M  Design 
Scour Depth, 

.3 (ft) '8 

2.0 
4.9 

1.9 
2.0 
4.4 
4.1 
3.8 
3.3 
3.0 
3.3 
3.6 
2.9 
2.9 
3.4 
1.9 
3.0 

4.1 
1.7 
4.1 
2.9 
1.6 
1.8 
3.0 
1.7 
3.0 
2.7 
1.2 
2.8 
2.0 
2.3 
3.0 
3.7 
2.5 
2.6 
2.1 
1.5 
3.6 
3.6 
I .8 
3.3 
2.0 
3.3 
3.3 
3.6 
3.6 
3.9 
3.7 
3.5 
5.6 
5.4 
2.5 
1.9 
2.8 
1.7 
3.2 
2.6 
2.2 
2.7 
2.2 
2.4 
3.2 
2.4 
2.7 
2.1 
3.4 
2.6 
3.8 
4.6 

2.4 

3.3 

2.5 

4.1 i 
1.7 
4.1 
2.9 
1.6 
1.8 
3.0 

' 

2.4 

1.7 
3.0 1 
2.7 i 
1.2 1 
2.8 
2.0 
2.3 
3.0 
2.9 
1.8 
3.5 
2.8 
2.2 
4.2 
3.6 
I .8 
3.3 
2.0 
3.3 
3.3 

3.2 

3.6 
3.6 
3.9 
3.7 
3.5 
5.6 
5.4 
2.5 
I .9 
2.8 
1.7 
3.2 
2.6 
2.2 
2.7 
2.2 
2.4 
3.2 
2.4 
2.7 
2.1 
3.4 
2.6 
3.8 
4.6 

2.7 



Skunk Creek Watercourse 
Master Plan Phase II 

SKUNKCREEKSCOURDEPTH 
LOW IMPACT ALTERNATIVE 

" All hydraulic parameters from HECRAS SCWF.pq 
"When the general scour depth is negative (aggradation), the general scour component = 0 
'4 HECG Zgz Extracted from Stantec H E M  analysis graphs. Interpolated from peak to peak Straight Line. 

Worst Case between Future and Existing Conditions. 
" Antidune scour depth from SLA, 1982 (COT 6.09) 2, = 0.0137 vm2 

If Za > 0.5 * Yh, then Za = 0.5 * Yh 
Bend Scour Depth From Zeller, 1981 (COT Drainage Design and FP Mgmt 6.11) 

& = ((0.0685 Y,, * V,O-~)/(Y>~S~~)) * ((2.1 * (((sin2(alpha/2)) I (cos alpha))'.*)) -1) 

25.740 
25.780 
25.830 
25.950 
26.170 

alpha = degree of bend 
Erosion Will Occur on Outside Bank Right and Lefl Bank Looking Upstream (Opposite of H E W )  

" 2, = 1.3 * (HECG &, + Z, + & + & + 4) Used to calculate toe down elevation 

1.3 = Factor of Safety 
a, = Local Scour = 0 

& = Low Flow Thalweg Scour = 0 

0 
0 
0 
0 
0 

'' Radius of Curve from Zeller 1981 (COT Drainage Design and FP Mgmt 6.1 1) 
r, I T = cos alpha 1 (4 * sinz(alpha/2)) 

r, = Radius of Curve 

T = Full Floodway Width (As opposed to main channel widhth) 
1 0  Chow's Simplified Method of Determining Superelevation (p.448) 

Also the preferred method in Maricopa Drainage and Design Manual (p. 6-20) 
h = (V2 ' T) I (g . re) 
V = Full Floodway Velocity (As opposed to Main Channel Velocity) 

New River Road 
New River Road 
New River Road 
New River Road 
New River Road 

SC II Low Impact Erosion Control-Rev-l.xls (Scour Calcs) 6/21 10 1 
DEJ 

881 1 
881 1 
8811 
881 1 
881 1 

0 
0 
0 
0 
0 

230.1 
938.5 
1388.5 
520.2 
96.0 

6.6 
8.2 
7.8 
6.6 
14.4 

6.59 
8.18 
10.44 
9.73 
14.4 

0 
0 
0 
0 
0 

6.42 
7.04 
8.08 
8.98 
11.58 

0 
0 
0 
0 
0 

6.22 
6.73 
4.51 
6.33 
6.37 

0 
0 
0 
0 
0 

0.00352 
0.00490 
0.01367 
0.00780 
0.01772 

0 
0 
0 
0 
0 

0.5 
0.52 
0.44 
0.44 
0.44 

1.4 
I .9 
2.5 
2.3 
4.3 

1.4 j 
1.9 1 
2.5 1 
2.3 i 
4.3 1 

0 
0 
0 
0 
0 

0.6 
0.9 
1.5 
I .3 
2.8 

0 
0 
0 
0 
0 



punk Creek Waermune 
Master Plan Phase II 

SKUNK CREEK LONG TERM ARMORING DEPTH -DYNAMIC METHOD 
LOW IMPACT ALTERNATIVE 

SC II Low Impad Emsion Contml-Rev-I.& (Dynamic Ammriw) 1 
6R1101 

DEJ 



Skunk Creek Watercourse 
Master Plan Phase II 

SKUNK CREEK LONG TERM ARMORING DEPTH - DYNAMIC METHOD 
LOW IMPACT ALTERNATIVE 

25.831NewRi iRoadI  180 1 3.6 18 .31  1 29.9 1 0.7 1 4.3 1 7.0 10.30801 50.0 1 28.0 I 100.0 I 0.8 1 1.4 1 5.0 1 6.0 1 67.3 I 24.0 1 134.6 1 1.4 1 0.6 1 4.2 1 7.1 146 .21  29.0 1 92.4 1 0.7 1 
5.97 I 

1.5 1 
25.65 ( New River Paad I 180 1 5.07 1 6.6 1 43.6 1 0.8 1 7.3 ] 0.3080 1 49.1 1 

5.1 1 
28.0 1 98.2 I 0.8 1 1.7 1 

5.9 1 0.227 1 69.1 1 23.0 1 138.2 1 1.5 1 1.1 
6.8 1 6.4 I 78.0 1 22.0 1 156.0 1 1.6 1 0.7 1 5.8 1 

25.17 I NewRiiRoad I 180 1 4.54 1 10.33 1 4a.U 1 1.3 I 5.84 I 8.U 1 0.3080 1 66.0 I 24.0 1 132.0 1 1.4 I 2.3 1 6.8 1 6.9 I 88.4 1 20.0 1 176.8 1 2.3 1 1 2  1 5.7 1 7.6 8.2 1 159 .61  47.1 1 28.0 25.0 1 I 119.3 94.1 1 I 0.8 1 2  1 1 2.4 1.9 I 1 6.9 1 6.3 6.8 I 10.301 0.258 1 191.7 78.6 1 1 22.0 20.0 1 1 157.2 183.5 1 2.4 1.8 1 1.3 1.8 
7.0 1 

" A8 hydrautic parameters fmm HEGRAS SCWF.!nj 
~ y d m ~ ~  Parameters are Fmm Main Channd w e e n  Ov&anks 

a Skin Fridbn A r n e  
'' Unlt D a m e .  q = V&W ' Average Depth of Fbw W ' d) 

F V ~  Attempt at Sokim the H e m e  Method 
New Average Depth o f ~ b w ,  d. = Assumed Depth to Armoring +Average De@h of Fbw 
Vn = una D i r g e  / New Average Depth o f ~ b w  (v, = q / d.) 

a M-PM Coefkient 
Reach 4 Dm = 173 mrn. M-P# = 0.361 
Reach 3 Dm = 173 mm. M P K  = 0279 
Reaa 2 0, = 93 mm. M-p# = 0.345 
Reach 1 Dm = 180 mm. M-P# = 0.308 

Meyer-Peter MuHer M W  for Determining Dc 
D, = M-PM, ' W.3) / (d:') 

'lo Competent Bottom V e l m  Equation From Fmm USBR 'Conputing Degradation and LLW Smut p.10 ard Fulk Report 
D.= I.8ae(v.2) 

S h i i s  Melhcd for Detem4ning Dc 
4 = 0.282 (v"J) l (dR5) 

''' Yaw's lndpierd Motion Equatan Fmm USBR 'Computing Deorajation and Local SmM p.14 and Fuller Report 
= o.ooas~ - V 

.,O y.=2'Dc 
'U yd = y. ' ((lidel phi) - Depth to Amring mt Reached when y, > 25' 

SC II Low Impad Emsion Control-Rev-l.xls (Dynamic Armoring) 
M l l O l  

DEJ 



Skunk Creek Watercourse 
Master Plan Phase iI 

PARTICLE ROUGHNESS COEFFICIENT 'SKIN FRICTION' 
LOW IMPACT ALTERNATIVE 

Reach 1 
Size (mm) Size (ft) Size (in.) 

DM = 180 0.591 7.09 

Dso ' 6.3 0.021 0.25 

D75 = 60 0.197 2.36 

Reach 4 
Size (mm) Size (ft) Size (in.) 

Dm= 173 0.568 6.81 

Dao ' 2.2 0.007 0.09 

D75 = 25 0.082 0.98 

Method Equation 
n ,= (~~ ' " )  144.4 

Strickler " (Dm in inches) n, = 0.031 

" Strickler (1923) English Units 
'2 Anderson 
'3 Lane and Carison (1953) As seen in Simons and Senturk p. 284 

Anderson n ,=0.0395 * (D~:") 
(DS0 in feet) n, = 0.017 

n g(~7,1m) I 3 9  
Lane '3 (D75 in inches) n ,  = 0.026 

Average 0.025 

SC I1 Low Impact Erosion Control-Rev-1 .xis (Skin Friction) 

Reach 3 
Size (mm) Size (fl) Size (in.) 

Dm= 173 0.568 6.81 

D5o' 10 0.033 0.39 
D75 = 57 0.187 2.24 

Method Equation 
n . = ( ~ ~ ' ~ )  144.4 

Strickler (Dm in inches) n, = 0.031 

Reach 2 
Size (mm) Size (ft) Size (in.) 

Dm = 93 0.305 3.66 

D5o = 3 0.010 0.12 
D75= 15 0.049 0.59 

n,=0.0395 * (DWim) 
Anderson (Ds, in feet) n, = 0.022 

n y (~~51 " )  I 39 
Lane (D7, in inches) n, = 0.029 

Average 0.028 

Method Equation 
n , = ( D ~ ' ~ )  144.4 

Strickier (Dm in inches) n, = 0.028 

Method Equation 
n .=(~~ ' " )  144.4 

Strickier (Dm in inches) n, = 0.031 

n,=0.0395 (D,?) 
Anderson (Dso in feet) n , = 0.01 8 

n ,=(~~~ ' " )  / 39 
Lane (D75 in inches) n, = 0.023 

Average 0.023 

n ,=0.0395 ' (D,'~) 
Anderson (D,, in feet) n, = 0.021 

n .=(D751") I 39 
Lane (Dx in Inches) n. = 0.030 

Average 0.027 



Skunk Creek Watercourse 
Master Plan Phase ll 

SKUNK CREEK EQUILIBRIUM SLOPE CALCULATIONS 
LOW IMPACT ALTERNATIVE 

6/21/01 
Prepared by DEJ 

22.730 Rodger Creek 64 65.00 6212 0.001288 180 0.027 7.48 0.00199 0.002780 0.8183 15909.4 0.002019 
22.790 Cline Creek 64 130.00 9160 0.001619 180 0.027 6.67 0.00223 0.003118 0.8183 15909.4 0.002322 
22.860 Cline Creek 64 66.00 5528 0.001422 180 0.027 7.67 0.00194 0.002711 0.8183 15909.4 0.002024 
22.960 Cline Creek 64 61.63 7141 0.001115 180 0.027 9.73 0.00153 0.002137 0.8183 15909.4 0.001593 
23.130 Cline Creek 64 94.00 7615 0.001458 180 0.027 7.15 0.00208 0.002908 0.8183 15909.4 0.002149 

, 23.250 Cline Creek 64 97.00 6948 0.001599 180 0.027 6.66 0.00223 0.003122 0.8183 15909.4 0.002318 

Average S, 
(fVft) 

0.003290 
0.002945 

0.002125 
0.003902 
0.002225 
0.002779 
0.002067 

Average Invert 
Slope by 
Reach '' 
0.009057 

Average S, 
by Reach 

0.002467 

Average Depth 
of Flow, d ( f f )  

2 

4.16 
4.19 

6.59 
3.19 
5.82 
4.45 
6.27 

Channel 
Width (ft) " 

36.00 
259.05 

270.34 
309.12 
154.43 
90.1 I 
140.97 

Station ID 
(River Miles) 

16.680 
16.860 
16.865 
16.870 
16.960 
17.060 
17.180 
17.300 

Distance Between 
Grade Control 

Structures (ft) '' 
759 

M-p,M S, ( m )  
'4 

0.00268 
0.00266 

0.00169 
0.00350 
0.00192 
0.00251 
0.00178 

Dominant 
Discharge, 
Q (cfs) " 

1005 
12583 

12583 
9917 
8839 
4683 
8868 

Boundary 
Reynolds 

No. *' 

12674.4 
12674.4 

12674.4 
12674.4 
12674.4 
12674.4 
12674.4 

90% Finer 
Particle Size, 
D, (mm) " 

173 
173 

173 
173 
173 
173 
173 

Shields SL 
(Wft) '= 

0.004296 
0.004265 

0.002712 
0.005602 
0.003071 
0.004016 
0.002850 

Schokliich, 

S, ( m )  '' 
0.002894 
0.001910 

0.001972 
0.002607 
0.001689 
0.001815 
0.001573 

Reach Code 

4 
4 

Carefree 
Carefree 
Carefree 
Carefree 
Carefree 
Carefree 

n value 
for Cmss 
S h n  " 

0.025 
0.025 

0.025 
0.025 
0.025 
0.025 
0.025 

Shear 
Velocity, U' 

(fps) .= 
0.7586 
0.7586 

0.7586 
0.7586 
0.7586 
0.7586 
0.7586 

Mean Particle 
Size, (mm) " 

55 
55 

55 
55 
55 
55 
55 



SKUNK CREEK EQUILIBRIUM SLOPE CALCULATIONS 
Skunk Creek Watercourse LOW IMPACT ALTERNATIVE 
Master Plan Phase ll 
b I I I I I I I I I I I I I i 

Dominant 90% Finer n Value Average Depth Shear Boundary Average Invert Distance Between 
Mean Particle Channel Discharge, Schokliich, Particle Size, for Cross of Flow, d (fl) M-P,M sL (ftlft) Shields SL Velocity, U' Reynolds Average S Average SL Slope by Grade Control 

I ( z i i i k ,  R e  1 Size (mm) Wi th  (fl) 1 Q ( )  1 St ( )  1 Dm (mm) 1 . / . 1 ( )  1 ( s )  1 No. I ) by e a c h  1 ~ e a c h '  1 ~ ~ u r e s  (ft)" ( 

DM = (Sum (deli * D,)) 1 100 
deli = Percentage Passing Difference Between Di 8 D,, 
Di = Diameter Size (mm) 

All hydraulic parameters from HEGRAS SCWF.prj Worst Case Discharges 
Hydraulic Parameters are From Main Channel Between Overbanks. 

'3 schokliich Equation for Zero Bedload Transport From USBR 'Computing Degradation and Local Scout p.18 and Fuller Report 
sL= K*((D~'BIQ)~~) 
K = 0.001 74 
DM = Mean Particle Diameter (mm) From ' 
B = Channel Width (fl) = HEGRAS Top of Channel Width 
Q = Flow Over Entire Cross Section 

Meyer-Peter, Muller Equation From USER 'Computing Degradation and Local Swuf p.18 and Fuller Report 
SL = K * (WQB) * ( (n I(D~'~))~.~) DM I d 

K = 0.19 
QIQB = Total Flow Divided by Flow Over Bed of Channel = 1 in Wide Channels 

Dm = Partide Sue (mm) For Which 90% of Material by Weight is Finer From JEF Report 
d = Mean Depth (fl) = HEGRAS Hydraulic Depth Over Entire Cross Section 

" Shield's Diagram Equation From USBR'Computing Degradation and Local Scour' p.18-19 and Fuller Report 
T. = T, I (gamma, - gamma) DM 
T. = Dimensionless Shear Stress = 0.06 for particles > l.Omm and R > 500 

T,= gamma.+,'d'SL 
gamma, = Specific Weight of Particle = 165 lblft3 
gamma = Specific Weight of Water = 62.4 lb1fl3 
Fuller used T = 0.055, M-P, Muller recommends T = 0.047. T = 0.06 is generally accepted in completely rough boundary (Simons and Senturk, P. 387) 

'6 U. = Shear Velocity = (g R ' s,)'" or (~~(~amma,Jg))~.~frorn USBR & Simons and Senturk, P. 78 8 384 

R = Hydraulic Radius = Mean Hydraulic Depth, d in wide channels 
'7 R* = U. * Dm I v to Determine if R* >500 

DS0 in feet 

v = Kinematic Viscosity = 0.0000108 ft2lsec 
When R. > 500 T = 0.06 on Shields Diagram 

(Min RAS Elev & Beginning Sta. - Min RAS Elev @ Ending Sta.)l((Beginning Sta. No. - Ending Sta. No.) * 5280) 
Altered if slope did not fit existing profile. 

" Height of Drop I (lnvert Slope - Equilibrium Slope) 
Height of Drop Between Structures = 5' 

SC II Low Impact Erosion Control-Rev-I .XIS (Equilibrium Slope) 
6/21/01 

Prepared by DEJ 



Skunk Creek Watercourse 
Master Plan Phase II 

SKUNK CREEK BANK PROTECTION VOLUMES 
FULL STRUCTURAL ALTERNATIVE 



Skunk Creek Watercourse 
Master Plan Phase II 

SKUNK CREEK BANK PROTECTION VOLUMES 
FULL STRUCTURAL ALTERNATIVE 

" All hydraulic parameters from HEGRAS SCWF.pfj 
-Z Top of Bank = WSE + Superelevation + 3' 

Minimum H E W  Elevation - H E M  Design Scour Deplh - Armoring Depth 
' Slope Length = ((Top of Bank - Toe Down)' + ((lop of Bank -Toe Down) ' z)')'.~ 
'5 USBR D, from USGS WRI Report 86-4128 Figure 38 

0, = 0.0122 v:06 
= Layer Thickness = 1.5 ' Read Max D, (1' Minimum) 

Volume per Length = Slope Length ' Layer Thickness 
'((Suxeding Station No. -Station No.) ' 5280 (L Bank + R Bank Volume per Length)) 127 

Used USACOE (&COT) Method of 213 ' Dumped D, with a 1' Minimum as per FHWA HEC-11 Table 5 p. 84 
"' Height of Bank =Top of Bank -Toe Down 
a 1  t CSA Cement =Volume of CSA 7% 

Density of Cement = 150 lb/ft3 

25.120 52200 52000 12.7 6.4 2076.5 2077.0 2059.3 2058.8 38.4 40.9 2.3 4.5 172.7 184.0 5403.9 5756.4 11160.3 23.8 24 76.8 81.8 2401.8 2558.4 4960.1 9 17.2 154.5 18.3 164.6 4833.4 5148.7 9982.1 685.1 729.8 1415.0 
25.280 53045 52845 9.9 7.6 2086.9 2085.7 2062.0 2067.6 55.8 40.6 1.4 4.5 251.3 182.5 4914.6 3568.8 8483.4 23.8 24 111.7 81.1 2184.3 1586.1 3770.4 9 25.0 224.8 - 1 8 . 1  163.2 4395.8 3192.0 7587.8 623.1 452.5 1075.6 
25.380 53573 53373 5.4 4.3 2089.6 2089.3 2074.6 2076.8 33.6 28.0 0.4 4.5 151.1 125.8 2068.7 1721.8 3790.5 23.8 24 67.2 55.9 919.4 765.2 1684.7 9 15.0 135.2 12.5 112.5 1850.3 1540.0 3390.3 262.3 218.3 480.6 ' 

25.450 53942 53742 10.3 3.1 2093.3 2092.3 2077.5 2081.2 35.4 24.9 1.5 4.5 159.2 112.1 3424.2 2412.2 5836.4 23.8 24 70.7 49.8 1521.8 1072.1 2593.9 9 15.8 112.4 11.1 100.3 3062.7 2157.5 5220.2 434.1 305.8 740.0 
25.560 54523 54323 5.8 3.4 2099.0 2099.0 2088.6 2088.6 23.3 23.3 0.4 4.5 104.6 104.6 1432.5 1432.5 2865.0 23.8 24 46.5 46.5 636.7 636.7 1273.3 9 10.4 93.6 10.4 93.6 1281.3 1281.3 2562.6 181.6 181.6 363.2 
25.630 51893 54693 8.0 3.3 2101.7 2101.7 2092.2 2092.2 21.2 21.2 0.9 4.5 95.6 95.6 1121.6 1121.6 2243.2 23.8 24 42.5 42.5 498.5 498.5 997.0 9 9.5 85.5 9.5 85.5 1003.2 1003.2 2006.4 142.2 142.2 284.4 

5 25.690 55210 55010 11.5 4.0 2105.0 2105.0 2093.8 2093.8 25.0 25.0 1.9 4.5 112.5 112.5 879.9 879.9 1759.8 23.8 24 50.0 50.0 391.1 391.1 782.2 9 11.2 1W.6 11.2 100.6 787.0 787.0 1574.1 111.6 111.6 223.1 

SC II Full Structural Erosion Control-REV-l.xls (Armor Quantities) 

t 
f 

3 

6R1101 
DEJ 

25.730 
25.735 
25.740 

P25.780 
25.830 
25.890 

, 25.950 
26.020 
26.060 
26.170 
26.180 

55421 
55447 
55474 

55949 
56266 
56582 
56952 
57163 
57744 
58856 

55221 
55247 
55274 

5568555485 
55749 
56066 
56382 
56752 
56963 
5754l 
57805 

7.7 
Bridge 

5.2 
5.8 
12.4 
9.9 
11.4 
12.0 
9.9 
14.4 

5.3 

7.9 
7.7 
4.8 
6.0 
6.3 
5.3 
5.6 
6.4 

2108.5 

2111.1 
2111.4 
2113.3 
2117.9 
2120.5 
2124.8 
2128.7 
2136.3 

2108.5 

2111.1 
2111.4 
2113.3 
2117.9 
2120.5 
2124.8 
2128.7 
2136.3 

2097.0 

2097.0 
2097.0 
2100.3 
2105.4 
2106.9 
2112.5 
2115.0 
2115.2 

2097.0 

2097.0 
2097.0 
2100.3 
2105.4 
2106.9 
2112.5 
2115.0 
2115.2 

Average 

25.7 

31.5 
32.2 
29.1 
28.0 
30.3 
27.6 
30.6 
47.2 

322 

25.7 

31.5 
32.2 
29.1 
28.0 
30.3 
27.6 
30.6 
47.2 

30.4 

0.8 

0.4 
0.4 
2.2 
1.4 
1.8 
2.0 
1.4 
3.0 
0.4 
3.0 

4.5 

4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 

Min 
Max 

I 
I 

115.7 

141.9 
144.9 
130.9 
125.8 
136.5 
124.2 
137.9 
212.5 

I 

Total 

I 

115.7 

141.9 
144.9 
130.9 
125.8 
136.5 
124.2 
137.9 
212.5 

354503.1 

113.1 

1109.8 
1416.8 
1535.5 
1475.8 
1868.8 
971.3 
2965.4 
8751.2 

394532 

379590.2 

113.1 

1109.8 
1416.8 
1535.5 
1475.8 
1868.8 
971.3 
2965.4 
2054.0 

30403.8 

734093.3 

226.3 

2219.6 
2833.5 
3071.0 
2951.6 
3737.7 
1942.6 
5930.8 
10805.2 

69857.0 

1160226.0 

23.8 
23.8 
23.8 
23.8 
23.8 
23.8 
23.8 
23.8 
23.8 

171292.4 1 331518.3 1 

24 
24 
24 
24 
24 
24 
24 
24 
24 

2660572 

51.4 

63.1 
64.4 
58.2 
55.9 
60.7 
55.2 
61.3 

23.8 94.4 

283060.3 

24 

51.4 

63.1 
64.4 
58.2 
55.9 
60.7 
55.2 
61.3 
94.4 

549117.5 

50.3 

493.2 
629.7 
682.4 
655.9 
830.6 
431.7 
1317.9 
3889.4 

17534.8 

37713.6 

50.3 

493.2 
629.7 
682.4 
655.9 
830.6 
431.7 
1317.9 
912.9 

13512.8 

40123.8 

100.6 

986.5 
1259.4 
1364.9 
1311.8 
1661.2 
863.4 

2635.9 

77837.4 

4802.3 

. 31047.6 

9 

9 
9 
10 
11 
12 
13 
14 
15 

11.5 

14.1 
14.4 
13.0 
12.5 
13.6 
12.3 
13.7 
21.1 

13.4 

lC'3.5 

126.9 
129.6 
1 . 1  
137.5 
162.8 
160.4 

2 9 1 . 8  
316.8 

11.5 

14.1 
14.4 
13.0 
12.5 
13.6 
12.3 
13.7 
21.1 

13.4 

103.5 

126.9 
129.6 
130.1 
137.5 
162.8 
160.4 
191.8 
316.8 

101.2 

992.6 
1267.2 
1526.0 
1613.3 
2228.7 
1254.9 
4125.8 
13045.5 

43369.0 

101.2 

992.6 
1267.2 
1526.0 
1613.3 
2228.7 
1254.9 
4125.8 
3061.9 

31281.5 

202.4 

1985.3 
2534.4 
3052.0 
3226.7 
4457.4 
2509.8 
8251.7 
16107.5 

746505 

14.3 

140.7 
179.6 
216.3 
228.7 
315.9 
177.9 
584.8 
1849.2 

6147.6 

14.3 

140.7 
179.6 
216.3 
228.7 
315.9 
177.9 
584.8 

28.7 

281.4 
359.3 
432.6 
457.4 
631.8 
355.8 
1169.7 

434.0 

44342 

2283.2 

10581.7 



SKUNK CREEK PROFILES 
Skunk Creek Watercourse 
Master Plan Phase ll 

6/21/01 
DEJ 

Station ID 
(River miles) 

16.680 
16.860 
16.865 
16.870 
16.960 
17.060 
17.160 
17.300 
17.390 
17.480 
17.570 
17.650 
17.780 
17.840 
17.950 
18.090 
18.160 
18.230 
18290 
18.490 
18.570 
18.740 
18.840 
18.960 
19.070 
19.180 
19.260 
19.410 
19.520 
19.620 
19.720 
19.830 
19.920 
20.050 
20.160 
20.260 
20.380 
20.480 
20.620 
20.640 
20.710 
20.790 
20.900 
20.980 
21.050 
21.110 
21.180 
21250 
21.310 
21.350 
21.410 
21.490 
21.580 
21.630 
21.690 
21.770 
21.820 
21.910 
21.990 
22.080 
22.150 
22.220 
22.290 
22.360 
22.430 
22.480 
22.560 
22.670 
22.730 
22.790 
22.860 
22.960 
23.130 

Reach 

0 
0 

Carefree 
Carefree 
Carefree 
Carafree 
Carefree 

Carefree 
Carefree 
Carefree 
Carefree 
Carefree 
Carefree 
Carefree 
Carefree 

Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
SkunkTank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 
Skunk Tank 

Cobbled Bank 
Cobbled Bank 
Cobbled Bank 
Cobbled Bank 
Cobbled Bank 
Cobbled Bank 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
RodgerCreek 
RodgerCreek 
RodgerCreek 
RodgerCreek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
RodgerCreek 
RodgerCreek 
RodgerCreek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Rodger Creek 
Cline Creek 
Cline Creek 
Cline Creek 
Cline Creek 

23.250 Cline Creek 1988.1 0 

Maximum 
WSE (ft) ' 

1669.1 
1678.8 

1685.3 
1685.9 
16902 
1695.2 
1701.2 
1705.3 
1709.5 
1714.0 
1717.3 
1721.9 
1724.4 
1730.0 
1735.0 
1737.3 
1742.1 
1744.7 
1751.0 
1755.5 
1761.8 
1766.2 
1772.1 
1776.8 
1780.9 
1786.6 
1791.6 
1795.3 
1800.9 
1805.1 
1810.7 
1815.6 
1820.3 
1824.7 
1830.7 
1836.0 
1841.6 
1849.1 
1650.5 
1853.8 
1857.5 
1863.0 
1866.4 
1869.8 
1872.1 
1876.0 
1881.3 
1883.3 
1884.3 
1887.4 
1891.6 
1895.7 
1899.3 
1902.3 
1906.2 
1909.1 
1914.4 
1918.3 
1922.7 
1925.8 
1929.1 
1933.1 
1937.2 
1942.2 
1945.1 
1948.9 
1954.4 
1959.0 
1962.4 
1965.0 
1974.5 
1982.1 

Left Bank 
Superelevation 
Freeboard (ft) 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.2 
0.1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - 
o 
0 
0 

0 

Right Bank 
Superelevation 
Freeboard (ft) 

0 
0 

0 
0 
0 
0 
0 
0 
0 

1991.1 1991.1 5.4 . 8.5 3.0 

Left Top of 
Bank 

Elevation (ft) 
" 

1672.1 
1681.8 

1688.3 
1688.9 
1693.2 
1698.2 
1704.2 
1708.3 
1712.5 

1977.3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.3 
0.3 
0.2 
0.3 
0 
0 

0.4 . 8.5 

Right Top of 
Bank 

Elevation (fl) 
1 

1672.1 
1681.8 

1688.3 
1688.9 
1693.2 
1698.2 
1704.2 
1708.3 
1712.5 

3.3- 
3.6 
2.9 
2.9 
3.4 
2.0 
3.3 
4.3 
1.6 
4.3 
2.9 
1.6 
2.4 
2.6 
1.8 
3.1 
2.8 
1.2 
2.9 
2.0 
2.3 
3.1 
2.9 
1.8 
3.5 
2.7 
2.3 
4.3 
3.7 
2.1 
3.5 
2.6 
3.8 
3.5 
3.9 
3.7 
3.9 
4.3 
3.7 
4.9 
5.8 

. 1968.8 . 1968.8 

H E M S  
Minimum 

Elevation (fi) 

1662.3 
1670.5 

1670.0 
1676.2 
1678.2 
1686.2 
1692.2 
1696.2 
1702.2 

1720.3 
1724.9 
1727.4 
1733.0 
1738.0 
1740.3 
1745.1 
1747.7 
1754.0 
1758.5 
1764.8 
1769.2 
1775.1 
1779.6 
1783.9 
1789.6 
1794.6 
1798.3 
1803.9 
1808.1 
1813.7 
1818.8 
1823.4 
1827.7 
1833.7 
1839.0 
1844.6 
1852.1 
1853.5 

3.8 

HEM 
General 
Scour 

Depth (fl) 

0.3 
0.7 

0.7 
0.9 
0.9 
0.8 ------------------- 
0.6 
0.5 
0.3 

2.7 
3.1 
2.3 
1.7 

2 . 3  
1.1 
2.4 
3.3 
1 .I 
3.1 
2.3 
1.2 
1.7 
2.5 
1.2 
2.1 
2.6 
0.6 
1.9 
1.7 
1.6 
2.4 
2.5 
1.3 
1.7 
1.1 
1.1 
2.9 
3.2 
1.6 
3.3 
1.9 
3.0 
2.7 
3.1 
2.9 
3.2 
4.4 
3.0 
5.2 
5.3 

Antidune 
Tmugh 

Depth (*) 

1.4 
3.0 

0.8 
1.6 
2.3 
2.5 
2.3 
2.1 
2.1 

Lefl Bank 
Bend Scour 
Depth. Z, 

(ft) 

0 
0 

0 
0 
0 
0 
0 
0 
0 

1720.3 
1724.9 
1727.4 
1733.0 
1738.0 
1740.3 
1745.1 
1747.7 
1754.0 
1758.5 
1764.8 
1769.2 
1775.1 
1779.8 
1783.9 
1789.6 
1794.6 
1798.3 
1803.9 
1808.1 
1813.7 
1818.6 
1823.3 
1828.0 
1834.0 
1839.2 
1844.9 
1852.1 
1853.5 

0 

0 
0 
0 
0 
0 
0 
0 

. 1967.3 

6.7 
5.2 
4.5 
5.7 
3.1 
5.7 
7.7 
3.0 
7.4 
5.2 
3.0 
4.2 
5.1 
3.0 
5.2 
5.4 
3.0 
4.8 
3.7 
3.9 
5.4 
6.2 
3.7 
4.6 
3.1 
3.0 
6.5 
6.8 
3.7 
6.8 
4.5 
6.8 
6.2 
7.0 
6.7 
7.2 
8.7 
6.6 
10.2 
11.0 

. 22.3 

1856.8 
1W.5  
1866.0 
1869.4 
1872.8 
1875.1 
1879.0 
1884.3 
1886.3 
1887.3 
1890.4 
1894.6 
1898.7 
1902.3 
1905.3 
1909.2 
1912.1 
1917.4 
1921.3 
1925.7 
1928.8 
1932.1 
1936.1 
1940.2 
1945.2 
1948.1 
1951.9 
1957.4 
1962.0 
1965.4 
-- ~ 

1977.5 
1965.1 

1856.8 
1860.5 
1866.0 
1869.4 
1872.8 
1875.1 
1879.0 

22.3 

2.3 
2.8 
2.1 
2.3 
2.5 
3.1 
2.4 
2.7 
2.4 
2.7 
3.0 
2.7 
2.5 
3.5 
3.3 
2.8 
4.0 
5.1 
2.8 
3.5 
5.0 
3.6 

Right Bank 
Bend Scour 
Depth. Z, 

(fl) 

0 
0 

0 
0 
0 
0 
0 
0 
0 

3.9 
4.8 
4.0 
3.6 
3.4 
4.6 
3.4 
4.0 
3.2 
3.4 
3.9 
4.1 
3.4 
5.3 
4.3 
4.0 
6.3 
8.7 
4.8 
6.1 
8.3 
6.5 

1704.2 
1713.4 
1718.2 
1722.2 
1727.4 
1728.8 
1730.0 
1733.5 
1741.7 
1744.4 
1755.0 
1755.7 
1762.2 
1764.8 
1770.0 
1773.0 
1783.9 
1786.2 
1790.3 
1795.1 
1799.3 
1802.0 
1810.7 
1817.7 
1825.1 
1829.6 
1832.8 
1839.3 
1842.0 

1.6 
2.0 
I .8 
1.4 
0.9 
1.5 
1 .O 
1.3 
0.8 
0.7 
0.9 
1.4 
0.9 
1.9 
1 .O 
1.3 
2.3 
3.6 
2.0 
2.5 
3.3 
2.9 

0 

6.0 
6.7 
5.2 
4.5 
5.7 
3.1 
5.7 
7.7 
3.0 
7.4 
5.2 
3.0 
4.2 
5.1 
3.0 
5.2 
5.4 
3.0 
4.8 
3.7 
3.9 
5.4 
5.4 
3.1 
5.2 

. 13.8 

1843.0 
1847.5 
1852.6 
1853.2 
1857.6 
1860.5 
1865.0 
1868.7 
1870.7 
1871.5 
1874.2 
1882.0 
1888.0 
1888.5 
1895.1 
1897.3 
1900.5 
1906.0 
1909.9 
1915.0 
1919.0 
1921.5 
1925.5 
1929.0 
1934.0 
1936.0 
1938.6 
1944.5 
1947.0 
1950.0 

1959.6 
1969.8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
o 
0 
0 

5.4 

Left Bank 
H E M  
Design 

Scour Depth 

(ft) 

2.2 
4.8 

1.9 
3.3 
4.2 
4.2 
3.9 
3.4 
3.1 

0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 2  

1884.3 
1886.3 
1887.3 
1890.4 
1894.6 
1898.7 
1902.3 
1905.3 
1909.2 
1912.1 
1917.4 
1921.3 
1925.7 
1926.8 
1932.1 
1936.1 
1940.2 
1945.2 
1948.1 
1951.9 
1957.4 
1962.0 
1965.4 

1977.5 
1985.1 

6.0------ 1696.2 
1697.5 
1708.2 
1713.7 
1716.5 
1724.3 
1723.1 
1722.3 
1730.5 
1734.3 
1739.2 
1752.0 
1751.5 
1757.1 
1761.8 
1764.8 
1767.6 
1780.9 
1781.4 
1786.6 
1791.2 
1793.9 
1795.8 
1807.0 
1813.1 

, 13.8 

0.2 
0.3 
0.4 
0.5 
0.5 
0.6 
0.8 
0.8 
0.6 
0.6 
0.5 
0.4 
0.3 
0.3 
0.3 
0.2 
0.2 
0.6 
0.6 
0.8 
0.8 
1.1 
0.8 
0.8 
0.8 
0.7 
0.6 
0.2 
0.3 
0.3 

0.3 
0.4 

3.9 
4.8 
4.0 
3.6 
3.4 
4.6 
3.4 
4.0 
3.2 
3.4 
3.9 
4.1 
3.4 
5.3 
4.3 
4.0 
6.3 
8.7 
4.6 
6.1 
6.3 
6.5 

Right Bank 
H E M  

Design Scour 
Depth (fi) 

2.2 
4.8 

1.9 
3.3 
4.2 
4.2 
3.9 
3.4 
3.1 

1878.1 
1883.2 
1884.5 
1891.5 
1893.9 
1895.9 
1902.6 
1905.9 
1911.8 
1915.6 
1917.6 
1921.4 
1925.6 
1928.7 
1931.7 
1934.6 
1938.2 
1938.3 
1945.2 
1947.4 
1951.3 
1963.3 

, 

2.4 
1.9 
1.9 
2.3 
1.3 
2.3 
3.1 
1.1 
3.2 
2.1 
1.2 
1.8 
1.9 
1.3 
2.3 
2.1 
0.8 
2.1 
1.4 
1.7 
2.2 
2.1 
1.2 
2.0 
1.4 
1 .O 
2.6 
2.6 
1.4 

1878.1 
1883.2 
1884.5 
1891.5 
1893.9 
1895.9 
1902.6 
1905.9 
1911.8 
1915.6 
1917.6 
1921.4 
1925.6 
1928.7 
1931.7 
1934.6 
1938.2 
1936.3 
1945.2 
1947.4 
1951.3 
1963.3 

2.5 
1.7 
2.5 
2.2 
2.5 
2.3 
2.3 
2.5 
2.2 
3.2 
3.9 
1.4 
1.9 
1.3 
1.4 
I .7 
2.2 
1.3 
1.5 
1.1 
1.2 
1.3 
I .3 
1.1 
1.9 
1.8 
1.5 
2.9 
3.7 
1.8 

1968.01968.01953.50.3------ 2.4 
3.5 
2.4 

3.0 
3.0 
3.0 
3.0 
3.7 
6.8 
4.5 
6.8 

Depth to 
Armoringa 

(*) 

1.2 
2.4 

1.2 
2.2 
2.2 
2.5 
2.3 
2.0 
2.0 

1696.2 
1697.5 
1708.2 
1713.7 
1716.5 
1724.3 
1723.1 
1722.3 
1730.5 
1734.3 
1739.2 
1752.0 
1751.5 
1757.1 
1761.8 
1764.8 
1767.6 
1780.9 
1781.4 
1786.6 
1791.2 
1793.9 
1796.6 
1807.6 
1812.5 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.6 
0.5 
0 
0 
0 
0 
0 
0 

1822.0 
1826.6 
1826.3 
1832.5 
1838.3 
1836.2 
1843.0 
1845.8 

1692.2 
1694.2 
1703.4 
1708.2 
1712.2 
1717.4 
1716.8 
1720.0 
1723.5 
1731.7 
1734.4 
1745.0 
1745.7 
1752.2 
1754.8 
1760.0 
1763.0 
1773.9 
1776.2 
1780.3 
1785.1 
1769.3 
1792.0 
1800.7 
1807.7 

1822.1 
1826.6 
1829.8 
1836.3 
1838.3 
1836.2 
1843.0 
1845.8 
1847.0 
1850.6 

20.6 
22.8 , 

16.7 
13.7 
16.5 
13.7 
17.2 
22.8 
17.2 
19.7 
19.3 
12.8 
17.7 
18.0 
18.0 
19.1 
22.0 
13.7 
16.9 
17.3 
16.9 
19.8 
23.0 
16.5 
14.6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. O  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 

1872.0 
1878.0 
1878.5 
1885.1 
1887.3 
1890.5 
1896.0 
1899.9 
1905.0 
1909.0 
1911.5 
1915.5 
1919.0 
1924.0 
1926.0 
1928.6 
1934.5 
1937.0 
1940.0 
1943.5 
1949.6 
1959.8 

 eft Bank 
Total 

Degredeation 
(ftl " 

3.4 
7.2 

3.1 
5.4 
6.4 
6.7 
6.2 
5.3 
5.1 

1815.1 
1819.6 
1822.8 
1829.3, 
1832.0 
1833.0 
1837.5 
1842.6 
1843.2 
1847.6 

11.7 
12.4 
18.3 
19.6 
15.2 
20.6 
17.5 
20.2 
22.4 
22.2 

16.5 
15.5 
17.8 
13.8 
15.3 
16.2 
14.8 
15.4 
13.9 
13.2 
14.5 
14.7 
14.6 
16.5 
16.4 
17.3 
19.2 
23.7 
20.2 
20.6 
26.2 
21.8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0.5 
0.5 
0.5 
0 
0 

16.5 
15.5 
17.8 
13.8 
15.3 
16.2 
14.8 
15.4 
13.9 
13.2 
14.5 
14.7 
14.6 
16.5 

1 6 . 4  
17.3 
19.2 
23.7 
20.2 
20.6 
26.2 
21.8 

6.2 1 1847.0 
7.0 1 1850.6 

1853.8 
1857.8 
1860.0 
1864.1 
1861.3 
1863.2 

20.8 
22.8 
16.7 
13.7 
16.5 
13.7 
17.2 
22.8 
17.2 
19.7 
19.3 
12.8 
17.7 
18.0 
18.0 
19.1 
22.0 
13.7 
16.9 
17.3 
16.9 
19.8 
22.0 
15.7 
15.5 

3.3 
3.6 
2.9 
2.9 
3.4 
2.0 
3.3 
4.3 
1.6 
4.3 
2.9 
1.6 
2.4 
2.6 
1.8 
3.1 
2.6 
1.2 
2.9 
2.0 
2.3 
3.1 
3.7 
2.5 
2.8 
2.1 
1.6 
3.6 
3.7 
2.1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

6.7 
7.2 
8.7 
6.6 
10.2 
11.0 

~ i g h t  Bank 
Total 

Degredeaiion 

(fl) " 

3.4 
7.2 

3.1 
5.4 
6.4 
6.7 
6.2 
5.3 
5.1 

11.9 
12.6 
15.1 
15.8 
15.2 
20.6 
17.5 
20.2 
22.4 
22.2 

3.5 
2.6 
3.8 
3.5 
3.9 
3.7 
3.9 
4.3 

1 3.7 

1 1853.8 
1857.8 
1860.0 
1864.1 
1861.3 
1863.2 

5.6 
3.1 
6.7 
5.5 

4.6 
3.2 
11.0 
5.5 

Lefl Bank 
Toe Down 

Elevation (fl) 
5 

1658.9 
1663.3 

1666.8 
1670.8 
1671.8 
1679.6 
1686.0 
1690.9 
1697.1 

12.6 
10.7 
13.8 
10.2 
11.9 
11.6 
11.4 
11.4 
10.7 
9.8 
10.6 
10.6 
11.2 
11.2 
12.1 
13.3 
12.9 
15.0 
15.4 
14.5 
17.9 
15.3 

4.5 
3.0 
11.0 
5.4 

1850.5 
1855.0 
1858.7 
1860.7 
1661.5 
1864.2 

0 1 4.9 

21.3 
21.2 
24.3 
22.2 
26.0 
27.2 

5.6 
3.1 
6.7 
5.5 

3.0 
6.5 
4.5 

21.3 
21.2 
24.3 
22.2 
26.0 
27.2 0 ' 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
0 
0 

8.6 
9.4 
11.8 
12.8 
11.5 
13.8 
13.0 
13.4 
16.2 
15.2 

12.6 
10.7 
13.8 
10.2 
11.9 
11.6 
11.4 
11.4 
10.7 
9.8 
10.6 
10.6 
11.2 
11.2 
12.1 
- 

13.3 
12.9 
15.0 
15.4 
14.5 
17.9 
15.3 

3.0 
5.4 
3.8 

5.8 
2.3 
2.8 
2.1 
2.3 
2.5 
3.1 
2.4 
2.7 
2.4 
2.7 
3.0 
2.7 
2.5 
3.5 
3.3 
2.8 
4.0 
5.1 
2.8 
3.5 
5.0 
3.6 

Right Bank 
Toe Down 
Elevation 

(ft) " 

1658.9 
1663.3 

1666.8 
1670.8 
1671.8 

1 1679.6 
1686.0 
1690.9 
1697.1 

14.6 
14.0 
15.6 
15.6 
15.8 
16.2 

14.8 
16.1 
11.5 
9.2 
10.8 
10.6 
11.5 
15.1 
14.2 
12.3 
14.1 
9.8 

4.8 
3.0 
7.7 
4.6 

4.1 

HEC-RAS 
Min 

Elevation - 
10' (ft) 

1652.3 
1660.5 

1660.0 
1666.2 
1668.2 
1676.2 
1682.2 
1686.2 
1692.2 

Left Top of 
Bank - 

Toe Down 
(ft) 

13.2 
18.5 

21.5 
18.1 
21.4 
18.6 
18.2 
17.4 
15.4 

14.6 
14.0 
15.6 
15.6 
15.8 
16.2 

13.5 
12.9 
15.0 
13.9 
16.6 
10.7 
12.1 
13.6 
13.0 
14.4 
16.8 
12.7 
10.0 

8.9 
9.6 
12.1 
12.8 
11.5 
13.8 
13.0 
13.4 
16.2 
15.2 

12.9 

4.8 
3.0 
7.7 
4.6 

3.0 

14.8 
16.1 
11.5 
9.2 
10.8 
10.6 
11.5 
15.1 
14.2 
12.3 
14.1 
9.8 

- 

12.9 

Right Top 
of Bank - 

~ o e  Down 
(fi) 
13.2 
18.5 

21.5 
18.1 
21.4 
16.6 
18.2 
17.4 
15.4 

13.5 
12.9 
15.0 
13.9 
16.6 
10.7 
12.1 
13.6 
13.0 
14.4 
16.6 
12.6 
10.3 

11.6 11.7 

12.9 

Left Reach 
Average Total 
Degredation 

(ft) 

12.9 

13.1 13.1 

Right Reach 
Average Total 
Degredation 

(ft) 

Left TOE - 
HEGRAS 
Min 
ElevatiOII 

9.8 
11.3 

18.3 
12.7 
15.0 
12.0 --- 
12.0 
12.1 
10.3 

Right TOB . 
HEGRAS 
Min 
Elevation 

9.8 
11.3 

18.3 
12.7 
15.0 
12.0 
12.0 
12.1 
10.3 

Left Reach 
Average 
TO3 Above 
RAS Min (R) 

Right Reach 
Average 
TOB Above 
RAS Min (ft) 

- 



Skunk Creek Wateruxlrse 
Master Plan Phase ll 

SKUNK CREEK PROFILES 

" Top of Levee = HEGRAS WSE + Superel. + 3' 
'' All hydraulic parameters from HEC-RAS SCWF.pri . . 

  xi sting (worst case) hydraulics. 
3 Left or Right Bank Design Scour Depth = (HEC-6 General Scour + Antidune Trough Depth + Right or Lefl Bend Scour Depth) ' 1.3 
V Total Degredation = Design Scour Depth + Armoring Depth. Minimum 3' 
" Toe Down Elevation = Minimum HEC-RAS Elevation -Total Degredation 

SC I1 Full Structural Erosion Control-REV-1 .XIS (Pmfiles) 

2076.5 
2086.9 
2089.6 
2093.3 
2099.0 
2101.7 
2105.0 
2108.5 

2111.1 
2111.4 
2113.3 
2117.9 
2120.5 
2124.8 
2128.7 

25.120 
25.280 
25.380 
25.450 
25.560 
25.630 
25.690 
25.730 
25.735 
25.740 
25.780 
25.830 
25.890 
25.950 
26.020 
26.060 
26.170 

6/21/01 
DEJ 

0 
1.2 
0.3 
1 .O 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

2077.0 
2085.7 
2089.3 
2092.3 
2099.0 
2101.7 
2105.0 
2108.5 

2111.1 
2111.4 
2113.3 
2117.9 
2120.5 
2124.8 

, 2128.7 

0.5 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 
New River Road 2136.3 1 2136.3 

2073.5 
2082.7 
2086.3 
2089.3 
2096.0 
2098.7 
2102.0 
2105.5 

2108.1 
2108.4 
21 10.3 
2114.9 
2117.5 
2121.8 
2125.7 
2133.3 

2064.7 
2071.5 
2079.8 
2084.8 
2091.6 
2095.2 
2098.0 
2100.0 

2100.0 
2100.0 
2105.1 
2108.4 
2110.4 
2116.0 
2118.0 
2121.7 / 0.4 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

0.5 
0.5 
0.4 
0.4 
0.4 
0.4 

, 0.4 
2.8 

2.2 
1.3 
0 A 
1.5 
0.5 
0.9 
1.8 
0.8 

0.4 
0.5 
2.1 
1.3 
1.8 
2.0 
1.3 

0 

0 
4.3 
2.8 
2.8 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 

0.4 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

4.3 1 4.3 

3.6 
8.1 
4.9 
6.4 
1.4 
1.9 
3.1 
I .8 

1 .I 
1.3 
3.3 
2.3 
2.9 
3.1 
2.3 

2.3 

4.2 
2.5 
1.3 
2.7 
1.4 
1.9 
3.1 
1.8 

1.1 
1.3 
3.3 
2.3 
2.9 
3.1 

, 2.3 
6.5 1 6.5 

1.7 
1.4 
0.3 
1 .O 
0.2 
0.5 
1 .O 
0.6 

0.3 
0.4 
1.5 
0.6 
0.6 
0.4 
0.3 

2115.2 

5.4 
9.5 
5.2 
7.3 
3.0 
3.0 
4.2 
3.0 

2115.2 

5.9 
3.9 
3.0 
3.6 
3.0 
3.0 
4.2 
3.0 

2111.7 

2059.3 
2062.0 
2074.6 
2077.5 
2088.6 
2092.2 
2093.8 
2097.0 

3.0 
3.0 
4.8 
3.0 
3.5 
3.5 
3.0 

2097.0 
2097.0 
21W.3 
2105.4 
2106.9 
2112.5 
2115.0 

21.1 

3.0 
3.0 
4.8 
3.0 
3.5 
3.5 

, 3.0 

2058.8 
2067.6 
2076.8 
2081.2 
2088.6 
2092.2 
2093.8 
2097.0 

2097.0 
2097.0 
2100.3 
2105.4 
2106.9 
2112.5 
2115.0 

21.1 

2054.7 
2M1.5 
2069.8 
2074.8 
2081.6 
2085.2 
2088.0 
2090.0 

2090.0 
2090.0 
2095.1 
2098.4 
2100.4 
2106.0 
2108.0 

4.4 

17.2 
25.0 
15.0 
15.8 
10.4 
9.5 
11.2 
11.5 

14.1 
14.4 
13.0 
12.5 
13.6 
12.3 
13.7 

3.8 

18.3 
18.1 
12.5 
11.1 
10.4 
9.5 
11.2 
11.5 

14.1 
14.4 
13.0 
12.5 
13.6 
12.3 
13.7 

14.6 

11.8 
15.4 
9.8 
8.5 
7.4 
6.5 
7.0 
8.5 

3.5 
3.0 
9.5 

12.3 
14.2 
9.5 
7.5 
7.4 
6.5 
7.0 
8.5 

14.6 

3.2 
3.0 
6.5 

9.4 9.3 

0.0 
11.1 
11.4 
8.2 
9.5 
10.1 
8.8 
10.7 

0.0 
11.1 
11.4 
8.2 
9.5 
10.1 
8.8 
10.7 



SKUNKCREEKSCOURDEPTH 
Skunk Creek Watercourse 
Master Plan Phase II 

- - 

18.160--Skunk Tank 2 7 7 3 3  12.95 8.5 6.79 0.00972 0.24 2.3 0 0 0 0 9.0 651.5 0 0 0 0 3.3 3.3 
18.230 SkunkTank 27733 15.15 12.1 9.3 0.00901 0.18 3.1 0 0 0 0 8.7 700.0 0 0 0 0 4.3 4.3 
18.290 Skunk Tank 27733 8.97 12.06 9.01 0.00315 0.14 1.1 0 0 0 0 6.6 700.0 0 0 0 0 1.6 1.6 
18.490 Skunk Tank 27733 15.29 9.3 7.16 0.01243 0.12 3.2 0 0 0 0 9.9 643.0 0 0 0 0 4.3 4.3 
18.570 SkunkTank 27733 12.5 11.96 8.54 0.00666 0.08 2.1 0 0 0 0 7.5 780.0 0 0 0 0 2.9 2.9 
18.740 Skunk Tank 27332 9.3 11.39 6.24 0.00859 0.08 1.2 0 0 0 0 7.9 745.0 0 0 0 0 1.6 1.6 2.5 2.4 
18.840 SkunkTank 27332 11.4 10.51 7.05 0.01102 0.08 1 .8 0 0 0 0 9.2 564.0 0 0 0 0 2.4 2.4 
18.960 SkunkTank 27332 11.79 9.94 8.95 0.00874 0.08 1.9 0 0 0 0 7.5 841.0 0 0 0 0 2.6 2.6 1 
19.070 Skunk Tank 27332 9.69 11.95 9.17 0.00568 0.08 1.3 0 0 0 0 6.8 830.0 0 0 0 0 1 .8 1 .8 
19.180 Skunk Tank 27332 12.95 10.85 6.71 0.01526 0.08 2.3 0 0 0 0 9.5 748.8 0 0 0 0 3.1 3.1 
19.260 Skunk Tank  27332 -~ 1 2 . 2 9  13.55 10.84 0.00806 0.08 2.1 0 0 0 0 7.7 635.0 0 0 0 0 2.8 2.8 - 

19.410 Skunk Tank 27332 7.63 9.04 6.69 0.00529 0.1 0.8 0 0 0 0 5.9 950.0 0 0 0 0 1.2 1.2 
19.520 SkunkTank 27332 12.37 9.13 7.24 0.01279 0.12 2.1 0 0 0 0 8.8 680.0 0 0 0 0 2.9 2.9 
19.620 SkunkTank 27332 10.2 10.58 8.12 0.00777 0.12 1.4 0 0 0 0 7.8 746.8 0 0 0 0 2.0 2.0 
19.720 SkunkTank 27332 11.06 9.99 7.41 0.00977 0.12 , 1.7 0 0 0 0 

' 

8.5 725.0 0 0 0 0 2.3 2.3 
19.830 SkunkTank 27332 12.75 11.4 8.43 0.01088 0.14 2.2 0 0 0 0 9.0 650.0 0 0 0 0 3.1 3.1 
19.920 Cobbled Bank 27332 12.3 13.56 11.02 0.00727 0.14 2.1 20 0 0.6 0 7.6 683.3 5323.6 0 0.2 0 3.7 2.9 
20.050 Cobbled Bank 27332 9.42 9.65 7.38 0.00414 0.16 1.2 20 0 0.5 0 5.9 1038.5 8090.9 0 0.1 0 2.5 1.8 
20.160 Cobbled Bank 27332 12.17 9.24 5.6 0.01008 0.16 2.0 0 20 0 0.5 8.7 1067.0 0 8312.8 0 0.3 2.8 3.5 
20.260 Cobbled Bank 27332 10.11 8.82 3.84 0.01124 0.18 I .4 0 20 0 0.5 8.0 1146.6 0 8933.2 0 0.3 2.1 2.7 3.4 3.5 
20.380 Cobbled Bank 27332 8.57 10.09 4.64 0.00636 0.2 1.0 0 20 0 0.5 6.2 1189.8 1 0 9269.3 0 0.2 1.6 2.3 

ppppp- 

20.480 Cobbled Bank 27332 13.72 9.2 7.22 0.00916 -- 0.2 2.6 0 20 0 0.5 8.2 906.0 0 7058.5 0 0.3 3.6- 4.3 
- 

20.620 Rodger Creek 27332 13.75 9.77 8.18 0.00766 2.6 0 0 0 0 8.2 885.0 0 0 0 7 3.7 3.7 
20.640 Rodger Creek 27332 9.98 8.48 6.22 0.00573 0.24 1.4 0 0 0 0 7.4 850.0 0 0 0 0 2.1 2.1 
20.710 Rodger Creek 27332 13.43 10.8 7.86 0.00767 0.24 2.5 0 0 0 0 8.5 810.0 0 0 0 0 3.5 3.5 
20.790 Rodger Creek 27332 11.16 9.97 5.96 0.00765 0.28 1.7 0 0 0 0 9.0 660.0 0 0 0 0 2.6 2.6 -- ~~~~~ 

20.900 Rodger Creek 27332 13.64 10.44 7.55 0.00829 0.4 2.5 0 0 0 -1 0 0 0 0 3.8 3.8 
~~~~~~ 

20.980 Rodger Creek 27332 12.77 13.24 7.57 0.00735 0.46 2.2 0 0 0 0 8.8 670.0 0 0 0 0 3.5 3.5 
21.050 Rodger Creek 27332 13.54 12.19 8.61 0.00688 0.52 2.5 0 0 0 0 8.6 695.0 0 0 0 0 3.9 3.9 
21 .I 10 Rodger Creek 27332 13.01 11.56 8.21 0.00673 0.56 2.3 0 0 0 0 8.3 775.0 0 0 0 0 3.7 3.7 
21.180 Rodger Creek 27332 12.89 11.04 8.19 0.00688 0.76 2.3 0 0 0 0 7.6 900.0 0 0 0 0 3.9 3.9 
21.250 Rodger Creek 27332 13.61 12.59 10.89 0.00538 0.76 2.5 0 0 0 0 8.0 745.0 0 0 0 0 4.3 4.3 
21.310 Rodger Creek 27332 12.66 12.56 10.19 0.00479 0.64 2.2 0 0 0 0 7.5 650.0 0 0 0 0 3.7 3.7 
21.350 Rodger Creek 27332 15.22 12.77 11.7 0.00596 0.62 3.2 0 0 0 0 7.4 705.0 0 0 0 0 4.9 4.9 
21.410 Rodger Creek 27332 16.85 13.18 10.95 0.00830 0.54 3.9 0 0 0 0 7.8 600.0 0 0 0 0 5.8 5.8 
21.490 Rodger Creek 27332 10.01 9.63 6.55 0.00760 0.4 1.4 0 0 0 0 7.5 700.0 0 0 0 0 2.3 2.3 
21.580 Rodger Creek 27332 11.65 7.74 5.03 0.01449 0.32 1.9 0 0 0 0 9.0 840.0 0 0 0 0 2.8 2.8 
21.630 Rodger Creek 27332 9.86 10.76 7.21 0.00656 0.32 1.3 0 0 0 0 6.4 1055.0 0 0 0 0 2.1 2.1 
21.690 Rodger Creek 27332 10.16 8.32 5.88 0.00897 0.32 1.4 0 0 0 0 6.3 1330.0 0 0 0 0 2.3 2.3 3.1 2.9 
21.770 RodgerCreek 27332 11.17 11.16 6.44 0.00971 0.2 1.7 0 0 0 0 7.6 1358.5 0 0 0 0 2.5 2.5 
21.820 Rodger Creek 27332 12.63 9.07 5.98 0.01360 0.2 2.2 0 0 0 0 8.3 1088.0 0 0 0 0 3.1 3.1 
21.910 Rodger Creek 27332 9.76 12.39 5.79 0.00875 0.56 1.3 0 0 0 0 7.8 1033.5 0 0 0 0 2.4 2.4 - ~~~-~~~~~~ 
21.990 Rodger Creek 27332 10.53 8.44 5.5 0.01091 0.56 1.5 0 0 0 0 7.6 0 0 0 0 2.7 2.7 1219.5 
22.080 Rodger Creek 27332 8.91 9.73 5.13 0.00832 0.76 1.1 0 0 0 0 7.5 1125.0 0 0 0 0 2.4 2.4 
22.150 Rodger Creek 27332 9.55 10.83 4.55 0.01123 0.8 1.2 0 0 0 0 8.5 969.2 0 0 0 0 2.7 2.7 
22.220 Rodger Creek 27332 9.67 11.12 4.77 0.01104 1.06 1.3 0 0 0 0 10.0 669.7 0 0 0 0 3.0 3.0 
22.290 Rodger Creek 27332 9.67 10.12 5.59 0.00915 0.8 1.3 0 0 0 0 8.8 860.0 0 0 0 0 2.7 2.7 
22.360 Rodger Creek 27332 9.12 12.19 4.47 0.01054 0.8 1.1 0 0 0 0 9.3 782.6 0 0 0 0 2.5 2.5 
22.430 Rodger Creek 27332 11.67 8.23 5.32 0.01380 0.8 1.9 0 0 0 0 8.0 918.0 0 0 0 0 3.5 3.5 
22.480 Rodger Creek 27332 11.48 9.1 5.39 0.01307 0.72 1.8 0 0 0 0 9.1 723.0 0 0 0 0 3.3 3.3 
22.560 Rodger Creek 27332 10.61 10.36 7.16 0.00768 0.6 1.5 0 0 0 0 8.7 635.0 0 0 0 0 2.8 2.8 
22.670 Rodger Creek 27332 14.43 9.92 7.42 0.01402 0.24 2.9 0 0 0 0 10.1 0 0 0 0 4.0 4.0 575.0 

_ 22.730 Rodger Creek 27332 16.33 11.98 10.17 0.01253 0.3 3.7 0 0 0 0 9.4 531.0 0 0 0 0 5.1 5.1 - - - - 

6/8/01 
DEJ 



SKUNKCREEKSCOURDEPTH 
Skunk Creek Watercourse 
Master Plan Phase II 

" All hydraulic parameters from HEGRAS SCWF.prj 
When the general scour depth is negative (aggradation), the general scour component = 0 

-4 HECG &, Extracted from Stantec HE- analysis graphs. Interpolated from peak to peak Straight Line. 
Worst ~a;e between Future and Existing Conditions. 

'5 Anti-dune scour depth from SLA, 1982 (COT 6.09) Z. = 0.0137 ' v,'. 
I f  Za > 0.5 Yh, then Za = 0.5 * Yh 
Bend Scour Depth From Zeller, 1981 (COT Drainage Design and FP Mgmt 6.1 I )  

&, = ((0.0685 Y,, V , ' .~ ) / (Y~~~*S~) )  ((2.1 * (((sinZ(alpha12)) I (cos alpha))'.')) -1) 
alpha = degree of bend 
Erosion Will Occur on Outside Bank. Right and Lefl Bank Looking Upstream (Opposite of HEC-RAS) 

'8 2, = 1.3 ' (HEG6 &, + 2, + &, + 4, + &) Used to calculate toe down elevation 

* 1.3 = Factor of Safety 
4. = Local Scour = 0 
Z, = Low Flow Thalweg Scour = 0 

Radius of Curve from Zeller 1981 (COT Drainage Design and FP Mgmt 6.11) 
r, / T = cos alpha / (4 sinz(alpha/2)) 

r, = Radius of Curve 
T = Full Floodway Width (As opposed to main channel widhth) 

'10 Chow's Simplified Method of Determining Superelevation (p.448) 
Also the preferred method in Maricopa Drainage and Design Manual (p. 6-20) 
h = ( v Z f  T ) / ( ~  *rc) 
V = Full Floodway Velocity (As opposed to Main Channel Velocity) 

SC II Full Structural Erosion Control-REV-I .XIS (Scour Calcs) 
6/8/01 

DEJ 



Skunk Creek Watermune 
Marter Plan Phase I1 

SKUNK CREEK LONG TERM ARMORING DEPTH -DYNAMIC METHOD 

SC II Full Strudural Erosion ControCREV-I .XIS (Dynamic Amring) 1 
6/8/01 

DEJ 



Skunk Creek Watermum 
Master Plan Phase II 

SKUNK CREEK LONG TERM ARMORING DEPTH -DYNAMIC METHOD . ' 26.06 INewRiwrRoac( 180 1 3.82 1 9.54 1 36.4 1 5.2 1 9.02 1 4.0 1 0.3080 1 6.8 1 30.0 I 13.5 1 0.1 1 5.8 1 9.6 1 3.8 1 27.0 1 26.0 1 54.0 1 0.5 1 5.0 1 8.8 1 4.1 1 6.2 1 30.0 1 12.4 1 0.1 1 5.9 1 9.7 1 3.7 1 0.093 1 28.2 1 25.0 1 56.5 1 0.6 1 0.3 
2 6 . 1 7 I N e ~ R i ~ ~ ~ ~ ~ 4  180 1 4 . 5 8  110.91 1 50.0 1 0.9 1 5.48 / 9.1 10.3080 1 99.7 1 28.0 1 199.5 ( 1.7 ( 1.7 1 6.3 1 8.0 I 119.0 22.0 1 238.0 1 2.8 1 0.7 1 5.3 I 9.5 1 9 6 . 6 1  28.0 1 193.3 1 1.6 1 1.7 1 6.3 1 7.9 10.412 1125.7 1 22.0 1 251.4 I 2.9 1 2.3 

" An hydraulic parameten hvm HECRAS SCWF.pi 
Hydraulic Parameters a a  Fmm Main C h a w l  Between Overbanks 
Skin Fri&n Average 
' Unit Dischame, q = Velodylody Aveage DePm of Flow (V ' d) 
'' First Attempt a Solving me Iterafive M e w  

New Average Depth of Fbw, d. = Assumed Depth to Armring +Average Depm of Flow 

.' V, = Unit Dischaw I New Average Depth of Fbw (V. = q I d.) 
'' M-PM CwIiiCient 

R e a d  4 D, = 173 mm. M-PM, = 0.361 
Reach 3 D, = 173 mm. MPM, = 0279 

Reach 2 Dm = 93 mm. M-PM, = 0.345 

Reach 1 D* = 180 mm. MPM. = 0.308 

Mever-Peter Mulkr Method for Determining Dc 
D. = M-PM.. (v?) 1 (d.0') 

"' Competent Battom VebcAy EquatDn From Fmm USER 'Computing Degradabbn and Local Smur p.10 and Fulkr Repofl 
~~=1.88.(V:) 

'" Shield's Memod for Daemining Dc 
0. = 0262 ' (V')l (d: 4 

'" Yang's lndpient Momn Equafian Fmm USER 'Cornciting Degradatbn and Local Smuf p.14 and Fulkr Report 
D. = 0 . W 9  ' Vz 

"' y. = 2 ' D, 
"' yo = y: ((lldel p)-I) - Depth to Amr ing  rot Reached when y, > 25' 

SC II Full Srmdural Emsbn Contml-REV-1 .xk (Dynamic Amring) 
6/8/01 

DEJ 



SKUNK CREEK EQUILIBRIUM SLOPE CALCULATIONS 
Skunk Creek Watercourse 
Master Plan Phase ll 

SC II Full Structural Erosion Control-REV-l.xls (Equilibrium Slope) 
6/8/01 

Prepared by DEJ 



Skunk Creek Watercourse 
Master Plan Phase II 

SKUNK CREEK EQUILIBRIUM SLOPE CALCULATIONS 

' DM = (Sum (del, D,)) I 100 

deli = Percentage Passing Difference Between Di 8 D,,, 

Di = Diameter Sue (mm) 

" All hydraulic parameters from HEC-RAS SCWF.prj Worst Case Discharges 
Hydraulic Parameters are From Main Channel Between Overbanks. 

'3 Schokliisch Equation for Zero Bedload Transport From USBR 'Computing Degradation and Local Scour' p.18 and Fuller Report 
SL = K * ((DM . B I Q).") 
K = 0.00174 
DM = Mean Partiie Diameter (mrn) From " 
B = Channel Width (ft) = HEC-RAS Top of Channel Width 
Q = Flow Over Entire Cross Section 

" Meyer-Peter. Muller Equation From USBR 'Computing Degradation and Local Scour' p.18 and Fuller Report 
SL = K *  (WQs) ' ( ( n l ( ~ ~ ' ~ ) y  ') DM 1 d 

K = 0.19 
Q/QB = Total Flow Divided by Flow Over Bed of Channel = 1 in Wide Channels 

Dw = Particle Size (mm) For Which 90% of Material by Weight is Finer From JEF Report 
d = Mean Depth (fl) = H E W S  Hydraulic Depth Over Entire Cross Section 

" Shield's Diagram Equation From USBR 'Computing Degradation and Local Scour' p.18-19 and Fuller Report 
T. = T, I (gamma, - gamma) ' DM 

T. = Dimensionless Shear Stress = 0.06 for particles > l.Omm and R s 500 

T, = gamma, * d ' SL 

gamma, = Specific Weight of Particle = 165 lb/f13 

gamma = Specific Weight of Water = 62.4 lb/ft3 

Fuller used T = 0.055, M-P, Muller recommends T = 0.047. T = 0.06 is generally accepted in completely rough boundary (Simons and Senturk, P. 387) 
" U. = Shear Velocity = (g R ' SL)'" or (T~(~amma~g))O.' from USBR & Simons and Senturk, P. 78 & 384 

R = Hydraulic Radius = Mean Hydraulic Depth, d in wide channels 
" R* = U+ Dso I v to Determine if R' SO0 

Dm in feet 

v = Kinematic Viscosity = 0.0000108 f121sec 
When R. > 500 T = 0.06 on Shields Diagram 

(Min RAS Elev @ Beginning Sta. - Min RAS Elev @ Ending Sta.)l((Beginning Sta. No. - Ending Sta. No.) * 5280) 
Altered if slope did not fit existing profile. 

-9 Height of Drop I (Invert Sfope - Equilibrium Slope) 
Height of Drop Between Structures = 5' 

SC II Full Structural Erosion Control-REV-I .XIS (Equilibrium Slope) 
6/8/01 

Prepared by DEJ 



Skunk Creek Watercourse 
Master Plan Phase II 

$ PARTICLE ROUGHNESS COEF ICIENT 'SKIN FRICTION' 

Reach 4 
Sue (mm) Size (ft) Sue (in.) 

Dm= 173 0.568 6.81 

Dw = 2.2 0.007 0.09 

D75 = 25 0.082 0.98 

Method Equation 
n .=(D,'~) / 44.4 

Strickler " (D, in inches) n, = 0.031 

" Strickler (1923) English Units 
" Anderson 
'3 Lane and Carlson (1953) As seen in Simons and Senturk p. 284 

Reach 3 
Sue (mm) Sue (ft) Sue (in.) 

Dm= 173 0.568 6.81 

Dm= 10 0.033 0.39 

D75 = 57 0.187 2.24 

Anderson n ~0 .0395 ^ ( D ~ ' ~ )  
-2 

(DS0 in feet) n, = 0.017 

n ,=(D~;~) 1 39 
Lane '3 (D75 in inches) n, = 0.026 

Average 0.025 

SC II Full Structural Erosion Control_REV-I .XIS (Skin Friction) 

Method Equation 
n ,=(D~'*) 144.4 

Strickler (Dm in inches) n. = 0.031 

Reach 2 
Sue (mm) Sue (ft) Sue (in.) 

Dm= 93 0.305 3.66 
D s =  3 0.010 0.12 

D75= 15 0.049 0.59 

n ,=0.0395 ' ( D ~ ' ~ )  
Anderson (Dm in feet) n, = 0.022 

n , = ( ~ ~ 5 ' ~ )  1 39 
Lane (D75 in inches) n, = 0.029 

Average 0.028 

Reach I 
Sue (mm) Sue (ft) Sue (in.) 

Dm= 180 0.591 7.09 
Dm = 6.3 0.021 0.25 
Dm = 60 0.197 2.36 

Method Equation 
n,=(~~~'") 144.4 

Stickler (D, in inches) n, = 0.028 

Method Equation 
n,=(~,") 144.4 

Strickler (D, in inches) n, = 0.031 

n ,=0.0395 ( D ~ ' ~ )  
Anderson (Dm in feet) n, = 0.018 

n*=(~,;") I 3 9  
Lane (D75 in inches) n, = 0.023 

Average 0.023 

n,=0.0395 ( D ~ ' ~ )  
Anderson (D, in feet) n,= 0.021 

n,=(~,;~) 1 39 
Lane (D7, in inches) n, = 0.030 

Average 0.027 





APPENDIX D 

Canstructian Cost Estimates 



FULL STRUCTURAL ALTERNATIVE CONSTRUCTION COST TOTALS - ENTIRE STUDY AREA 

Item 

Riprap Revetment 
Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 
Total Cost 

CSA Revetment 
Excavation (yd3) 
Borrow Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 
Total Cost 

Unit Price 

$2 
$5 
$30 

$2 
$5 
$15 
$100 

523,892 
185,029 
225,497 
31,964 

Levee Option 
Left Bank 
Quantity 

(yd3) 

523,892 
181,987 
246,391 

Fill Option 

$1,571,676 
$925,145 

$3,382,455 
$3,196,400 
$9,075,676 

Left Bank 
Quantity 

(yd3) 

554,949 
418,166 
219,971 

Left Bank 
Cost 

$1,571.676 
$909,935 

$8,623,685 
$1 1,105,296 

499,158 
204,914 
216,473 
30,686 

Left Bank 
Cost 

$1,664,847 
$2,090,830 
$7,698,985 
$1 1,454,662 

Right Bank 
Quantity 

(yd3) 

499,158 
201,824 
238,159 

$1,497,474 
$1,024,570 
$3,247,095 
$3,068,600 
$8,837,739 

Right Bank 
Quantity 

(yd3) 

524,271 
571.708 
212,525 

Right Bank 
Cost 

$1,497,474 
$1,009.120 
$8,335,565 

$10,842,159 

1,023,050 
389,943 
441,970 
62,650 

Right Bank 
Cost 

\ 

$1,572,813 
$2,858,540 
$7,438,375 
$1 1,869,728 

Total Quantity 

(yd3) 

1,023,050 
383,811 
484,550 

$3,069,150 
$7,949,715 
$6.629.550 
$6,265,000 
$17,913,415 

Total Cost 

$3,069,150 
$1,919,055 
$16,959,250 
$21,947,455 

Total Quantity 

(yd3) 

1,079,220 
989,874 
432,496 

Total Cost 

$3,237,660 ' 

$4,949,370 
$15,137,360 
$23,324,390 

554,949 
420.956 
200,794 
28,462 

$1,664,847 
$2,104,780 
$3,011,910 
$2,846,200 
$9,627,737 

524,271 
574,555 
192,513 
27,288 

$1,572.81 3 
$2,872,775 
$2,887,695 
$2,728,800 
$10,062,083 

1,079,220 
995,511 
393,307 
55,750 

$3,237,660 
$4,977,555 
$5.899.605 
$5,575,000 
$19,689,820 



PRELIMINARY QUANTITIES C) D COST ESTIMATE 

Structural Quantities Surnrna~y.xls 
(Skunk Creek) 

SKUNK CREEK - FULL STRUCTURAL ALTERNATIVE 

6/1/01 
DEJ 

Item Unit Price 

I I 

Levee Option 

SKUNK CREEK - FULL STRUCTURAL ALTERNATIVE TOTALS 

Left Bank 
Quantity 

(yd3) 

317,792 
116,651 
155,290 

Fill Option 

339,885 
229,701 
141,610 

Riprap Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Riprap Total (yd3) 
Total Cost 

$1,019,655 
$1,148,505 
$4,956,350 
$7,124,510 

336,644 
418,181 
139,986 

Lefl Bank 
Cost 

$953,376 
$583,255 

$5,435,150 
$6,971,781 

Left Bank 
Quantity 

(yd3) 

$3 
$5 
$35 

Left Bank 
Cost 

Right Bank 
Quantity 

(yd3) 

$1,009,932 
$2,090,905 
$4,899,510 
$8,000,347 

k~ght Bank 
Quantity 

( ~ d )  

646,132 
214,945 
312,535 

328,340 
98.294 
157,245 

$1,938,396 
$1,074,725 
$10,938,725 
$13,951,848 

Right Bank 
Cost 

676,529 
647,882 
281,596 

$985,020 
$491,470 

$5,503,575 
$6,980,065 

RigMBank 
Cost 

$2,029,587 
$3,239,410 
$9,855.860 

$1 5,124,857 

Total 
Quantity 

(yd3) 

Total 
Quantity (yd3) Total Cost Total Cost 



PRELIMINARY QUANTITIES @ D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

SKUNK CREEK - FULL STRUCTURAL ALTERNATIVE 

Item 

Excavation (yd3) 1 $3 
Borrow Material (yd3) 1 $5 
Riprap Revetment (yd3) 1 $35 

Riprap Reach Subtotal 
I 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

Structural Quantities Surnrnary.xls 
(Skunk Creek) 

Unit Price 

6/1/01 
DEJ 

67,527 
23,923 
25,924 

$3 
$5 
$65 

45,234 
35,024 
23,485 

$202,581 
$1 19,615 
$907,340 

$1,229,536 

Gabion Reach Subtotal 
I 

45,234 
34,638 
27,007 
3,828 

Excavation (yd3) 
Bomw Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 

Levee Option 

67,524 
25,028 
11,110 

$3 
$5 
$15 

$100 

67.527 
23,498 
29,812 
4,226 

Left Bank 
Quantity 

(yd3) 

Fill Option 

$135,702 
$175,120 
$821,975 

$1,132,797 

$ 1,049,862 

$135,702 
$173,190 
$405,105 
$382,800 

$ 1,096,797 CSA Reach Subtotal 
I 

$202,581 
$117,490 
$447.180 
$422.600 

$1,189,851 

Left Bank 
Quantity 

()d3) 

$202,572 
$125,140 
$722,150 

Left Bank 
Cost 

112,761 
58,947 
49.409 

$970,052 

112.761 
58,136 
56,819 
8,054 

Left Bank 
Cost 

45,234 
36.025 
10,065 

Bank 
Quantity 

(yd3) 

$338,283 
$294,735 

$1,729,315 
$2,362,333 

$2,019,914 

$338,283 
$290,680 
$852,285 
$805,400 

$2,286,648 

Right Bank 
Quantity 

(yd3) 

$135.702 
$180,125 
$654,225 

Right Bank 
Cost 

71,854 
40,610 
22,707 

$1,058,032 

71,854 
40,238 
26,112 
3,701 

Right Bank 
Cost 

112.758 
61,053 
21,175 

Total 
Quantity (yd3) 

$215,562 
$203,050 
$794,745 

$4,213,357 

$1,543,149 

$215.562 
$201,190 
$391,680 
$370,100 

$ 1,178,532 

Total Cost 

Total 
Quantity 

(yd3) 

$338,274 
$305,265 

$1,376,375 
$2,599,181 

Total Cost 

48,793 
164,105 
20,528 

48,793 
163.769 
23,607 
3.346 

71,854 
41,578 
9,732 

$146,379 
$818,845 
$354,105 
$334,600 

$1,653,929 

$361,941 
$1,023,575 
$1,513,225 
$2,898,741 

I 

$215.562 
$207,890 
$632,580 

$146,379 
$820,525 
$718.480 

S 1,685,384 

120,647 
204,007 
49,719 
7,047 

120,647 
204.715 
43,235 

48.793 
164,980 
8,798 

$361,941 
$1,020,035 
$745,785 
$704,700 

$2,832,461 

$146,379 
$824,900 
$571,870 

120,647 
206,558 
18,530 

$361,941 
$1,032,790 
$1,204,450 



6 PRELIMINARY QUANTITIES D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Structural Quantities Sumrnary.xls 
(Skunk Creek) 

SKUNK CREEK - FULL STRUCTURAL ALTERNATIVE 

6/1/01 
DEJ 

Item Unit Price 
Greasewood Reach 

I 
Excavation (yd3) 1 $3 
Borrow Material (yd3) 1 $5 
Riprap Revetment (yd3) 1 $35 

Riprap Reach Subtotal 
l 

Levee Option 
Left Bank 
Quantity 

(yd3) 

52,609 
17.601 
18.648 

Fill Option 
Lett Bank 
Quantity 

(yd3) 

53,049 
113.728 
17,083 

Left Bank 
Cost 

$157,827 
$88.005 
$652,680 
$898,512 

Left Bank 
Cost 

$159,147 
$568.640 
$597,905 

f 1,325,692 

wht Bank 
Quantity 

(yd3) 

56,086 
16.151 
16,980 

~ l g h t  Bank 
Quantity 

(yd3) 

59,204 
85,165 
15,531 

Right Bank 
Cost 

$168,258 
$80,755 
$594.300 
$843,313 

Right Bank 
Cost 

$177,612 
$425,825 
$543,585 

$1,147,022 

Total 
Quantity (yd3) 

108,695 
33,752 
35,628 

Total Cost 

$326.085 
$168,760 

$1,246,980 
$ 1,741,825 

Total 
Quantity 

(yd3) 

112,253 
198,893 
32,614 

Total Cost 

$336,759 
$994.465 

$1,141,490 
$2,472,714 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SKUNK CREEK - FULL STRUCTURAL ALTERNATE 

Item 
Cut Bank Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Structural Quantiies Sumrnary.xls 
(Skunk Creek) 

Excavation (yd3) 1 $3 
Borrow Material (yd3) 1 $5 
Gabion Revetment (yd3) 1 $65 

Gabion Reach Subtotal 
I 

611101 
DEJ 

Unit Price 

$3 
$5 
$35 

Riprap Reach Subtotal 
I 

173,616 
49,448 
46,948 

173,616 
44,812 
93,522 

Levee Option 

$4,018,178 

$520,848 
$247,240 

$3,051,620 
$3,819,708 

r en Bank 
Quantity 

(yd3) 

Fill Option 

$520,848 
$224.060 

$3,273,270 

r en Bank 
Quantity 

(yd3) 

$4,163,403 

166,766 
60,437 
48,549 

Left Bank 
Cost 

166.766 
55,644 
96,711 

Left Bank 
Cost 

$8,181,584 

$500,298 
$32,185 

$3,155,685 
53,958,168 

~ l g h t  Bank 
Quantity 

(yd3) 

$500,298 
$278,220 

$3,384,885 

Right Bank 
Quantity 

(yd3) 

$3,826,189 

340,382 
109,885 
95,497 

Right Bank 
Cost 

340,382 
100,456 
190,233 

Right Bank 
Cost 

$4,370,357 

$1,021,146 
$549,425 

$6,207,305 
$7,777,876 

Total 

Quantity (yd3) 

$1,021,146 
$502,280 

$6,658,155 
$8,196,546 

Total Cost 

~o ta l  
Quantity 

(yd3) 

179,593 
67,663 
42,600 

Total Cost 

179,593 
63.462 
84,860 

$538,779 
$338,315 

$2,769,000 
$3,646,094 

$538,779 
$317,310 

$2,970-100 

178,344 
155,421 
44,177 

178,344 
151,065 
88,000 

$535,032 
$777,105 

$2,871,505 
$4,183,642 

$535,032 
$755,325 

$3,080,000 

357.937 
223,084 
86,777 

357,937 
214,527 
172,860 

$1,073,811 
$1,115,420 
$5,640,505 
$7,829,736 

$1,073,811 
$1,072,635 
$6.050,100 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SKUNK CREEK - FULL STRUCTURAL ALTERNATIVE 

Structural Quantities Summary.xls 
(Skunk Creek) 

Item 
Knoll Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Excavation (yd3) 
Borrow Material (ydJ) 
Gabion Revetment (yd3) 

6/1/01 
DEJ 

Unit Price 

$3 
$5 
$35 

$3 
$5 
$65 

Riprap Reach Subtotal 

Gabion Reach Subtotal 
I 

34,588 
12,906 
8,618 

Levee Option 

$728,464 

Left Bank 
Quantity 

(yd3) 

34,588 
11,958 
19,151 

$833,839 

Fill Option 

$103,764 
$64,530 
$560,170 

L ~ R  Bank 
Quantity 

(yd3) 

35,389 
11,901 
16.960 

$759,272 

$732,573 

Left Bank 
Cost 

$103,764 
$59.790 
$670,285 

$832,268 

49,706 
10,728 
8,151 

$1,666,107 $797,584 

$1,461,037 

Right Bank 
Quantity 

(yd3) 

49,706 
9,832 
18.1 14 

$1,556,856 

Left Bank 
Cost 

$106,167 
$59,505 
$593,600 

$149,118 
$53,640 
$529.815 

Right Bank 
Cost 

$150,909 
$89,230 
$557,445 

K~ght Bank 
Quantity 

(Yd3) 

50,303 
17,846 
15.927 

$665,947 

Right Bank 
Cost 

$149,118 
$49,160 
$633,990 

84,294 
23.634 
16,769 

Total 
Quantity 

(yd3) 

85,692 
29,747 
32,887 

$709,929 

Total 
Quantity (yd3) 

84,294 
21,790 
37,265 

Total Cost 

$257,076 
$148,735 

$1,151,045 

$252,882 
$118,170 

$1,089,985 
$ 1,375,876 

Total Cost 

$252,882 
$108,950 

$1,304,275 

35,389 
12,740 
7,632 

$106,167 
$63,700 
$496,080 

50,303 
18,633 
7,167 

$150,909 
$93,165 
$465,855 

85,692 
31,373 
14,799 

$257,076 
$156,865 
$961,935 



PRELIMINARY QUANTlTlE !PI! n D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

Structural Quantities Surnrnary.xls (Sonoran Wash) 

SONORAN WASH - FULL STRUCTURAL ALTERNATWE 

6/1/01 
DEJ 

Item Unit Price 

Levee Option 
Left Bank 
Quantity 

(yd3) 

Fill Option 
Left Bank 
Volume 

(yd3) 

215,064 
188,465 
78,361 

SONORAN WASH - FULL STRUCTURAL ALTERNATIVE TOTALS 
Riprap Revetment i 

Excavation Total (yd3) $3 195,552 $586,656 
Borrow Total (yd3) $5 83,693 $418,465 
Riprap Total (yd3) $35 89,146 $3,120,110 
Total Cost $4,125,231 

$544,098 
$425,865 

$2,900,415 
$3,870,378 

181,366 
85,173 
82,869 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 
Total Cost 

Left Bank 
Cost 

$645,192 
$942,325 

$2,742,635 
$4,330,152 

Left Bank 
Cost 

Right Bank 
Cost 

376,918 
168,866 
172,015 

K~ght Bank 
Quantity 

&d3) 

$3 
$5 
$15 
$100 

$1,130,754 
$844,330 

$6,020,525 
$7,995,609 

R~ght Bank 
Quantity 

(yd3) 

187,627 
153,527 
72,539 

Total 
Quantii (yd3) 

195,552 
82,850 
95,765 
13,574 

Total Cost 
Right Bank 

Cost 

$562,881 
$767,635 

$2,538,865 
$3,869,381 

$586,656 
$414,250 

$1,436,475 
$1,357,400 
$3,794,781 

Total 
Quantity 

(yd3) 

402,691 
341,992 
150,900 

Total Cost 

$1,208,073 
$1,709,960 
$5,281,500 
$8,199,533 

181,366 
84,246 
90,222 
12,790 

$544,098 
$421,230 

$1,353,330 
$1,279,000 

376,918 
167,096 
185,987 
26,364 

$3,597,658 1 

$1,130,754 
$835,480 

$2,789,805 
$2,636,400 

I I 

215,064 
187,728 
84,159 
11,929 

$4,039,117 

$645,192 
$938,640 

$1,262,385 
$1,192,900 

$3,630,01 I 

187,627 
152,718 
78,956 
11,192 

, ,  

$562,881 
$763,590 

$1,184,340 
$1 ,I 19,200 

402,691 
340,446 
163,115 
23,121 

$1,208,073 
$1,702,230 
$2,446,725 
$2,312,100 



PRELIMINARY QUANTlTlE a& D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SONORAN WASH - FULL STRUCTURAL ALTERNATIVE 

Borrow Material (yd3) 1 $5 16,743 $83,715 15,014 $75,070 31,757 $158,785 38,139 $190,695 27,766 $138,830 65,905 $329,525 
Gabion Revetment (yd3) 1 $65 5,703 $370,695 7,079 $460,135 12,782 $830,830 4,968 $322,920 6,152 $399,880 11,120 $722,800 

Gablon Reach Subtotal $548,331 $667,634 $1,215,965 $605.1 18 $672,357 $1,277,475 

Excavation (yd3) $3 31,307 $93,921 44,143 $132,429 75,450 $226,350 30,501 $91,503 44,549 $133,647 75,050 $225,150 
Borrow Material (yd3) $5 15,765 $78,825 13,789 $68,945 29,554 $147,770 37,287 $186,435 26,700 $133,500 63,987 $319,935 
CSA Revetment (yd3) $15 15,303 $229,545 18,995 $284,925 34,298 $514,470 13,329 $199,935 16,508 $247,620 29,837 $447,555 
CSA Cement (tons) $100 2,169 $216,900 2,693 $269,300 4,862. $486,200 1,889 $188,900 2,340 $234,000 4,229 $422,900 

CSA Reach Subtotal $619,191 $755,599 $1,374,790 $666,773 $748,767 $1,415,540 
I 

Structural Quantities Surnrnary.xls (Sonoran Wash) 
6/1/01 
DEJ 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SONORAN WASH - FULL STRUCTURAL ALTERNATIVE 

Item 

Main Stem Reach 

I I 

Excavation (yd3) $3 21,163 $63,489 36,641 $109,923 57,804 $173,412 38,995 $116,985 36,795 $110,385 75,790 $227,370 
Borrow Material (yd3) $5 19,381 $96,905 17.683 $88,415 37,064 $185,320 77,381 $386,905 50,005 $250,025 127,386 $636,930 
Gabion Revetment (yd3) $65 6,671 $433,615 6,228 $404,820 12,899 $838,435 5,893 $383,045 5,477 $356,005 11,370 $739,050 

Gabian Reach S~~htntal  S l  l Q 7  1 6 7  $746 A46 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Structural Quantities Summary.xls (Sonoran Wash) 

unit price 

6/1/01 
DEJ 

Riprap Reach Subtotal 
I 

I 

Levee Option 

$63,489 
$93,730 
$544,775 

$3 
$5 
$35 

Left Bank 
Quantity 

(yd3) 

Fill Option 

$701,994 

21,163 
18,746 
15,565 

Leff Bank 
V~liJme 

(yd3) 

36,641 
17,089 
14,531 

Left Bank 
Cost 

$703,953 

Left Bank 
Cost 

$109,923 
$85,445 
$508,585 

Nght Bank 
Quantity 

&d3) 

$1,405,947 

Mght Bank 
Quantity 

&d3) 

57,804 
35,835 
30,096 

Right Bank 
Cost 

$982,355 

Right Bank 
Cost 

$173,412 
$179,175 
$1,053,360 

Total 
Quantity (yd3) 

$805,115 

Total 
Quantity 

(yd3) Total Cost 

38,995 
76,824 
13,750 

$ 1,787,470 

Total Cost 

$116,985 
$384,120 
$481,250 

36,795 
49,486 
12,780 

$110,385 
$247,430 
$447,300 

I 

75,790 
126,310 
26,530 

$227,370 
$631,550 
$928,550 



PRELIMINARY QUANTlTlE @ D COST ESTIMATE 
SKUNKCREEKWATERCOURSEMASTERPLAN 2350-0002401 

SONORAN WASH - FULL STRUCTURAL ALTERNATIVE 

I 
Excavation (yd3) 1 $3 
Borrow Material (yd3) 1 $5 
Gabion Revetment (yd3) 1 $65 

Gabion Reach Subtotal 
I 

Structural Quantities Summary.xls (Sonoran Wash) 

Item 

Ironwood Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Excavation (yd3) 
Borrow Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 

6/1/01 
DEJ 

Fill Option 

91,987 
30,896 
15,865 

Unit Price 

$3 
$5 
$35 

$3 
$5 

$15 
$100 

Riprap Reach Subtotal - 

Total Cost 

$463,143 
$597,150 

$2,078,300 
$3,138,593 

$275,961 
$154,480 

$1,031,225 
$1,461,666 

CSA Reach Subtotal 
I 

Total 
Quantity 

(yd3) 

154,381 
1 19,430 
59,380 

Levee Option 

91,987 
29,243 
36,489 
5,172 

Right Bank 
Cost 

$184,899 
$292,710 
$965,510 

$1,443,119 

 en Bank 
Volume 

(yd3) 

92,748 
60,888 
31,794 

58,222 
35,789 
13,788 

$1,486,711 

$3,137,302 

Left Bank 
Quantity 

(yd3) 

91,987 
28,861 
36,263 

$1,689,471 

$275,961 
$146,215 
$547,335 
$517,200 

Left Bank 
Cost 

$278,244 
$304,440 

$1,112,790 
$1,695,474 

Total 
Quanfi  (yd3) 

150,209 
62,889 
67,778 

$1,447,831 

$174,666 
$178,945 
$896,220 

$1,249,831 

$1,271,621 

R~ght Bank 
Quantity 

(yd3) 

61,633 
58,542 
27,586 

Total Cost 

$450,627 
$31 4,445 

$2,372,230 

58,222 
34,358 
31,711 
4,495 

~ g h t  Bank 
Cost 

$174,666 
$1 70,140 

$1,103,025 

Left Bank 
Cost 

$275,961 
$144,305 

$1,269,205 

150,209 
66,685 
29,653 

$2,758,332 

K~ght Bank 
Quantity 

(yd3) 

58,222 
34,028 
31,515 

$174,666 
$171,790 
$475,665 
$449,500 

I 

$450,627 
$333,425 

$1,927,445 
$2,711,497 

$1,517,739 

150,209 
63,601 
68,200 
9,667 

I 

92,748 
62,671 
13,910 

1 
$1,288,924 

$450,627 
$318,005 

$1,023,000 
$966,700 

$2,806,663 

$278,244 
$313,355 
$904,150 

$1,495,749 

92,748 
61,223 
31,992 
4,535 

61,633 
60,082 
12,069 

$278,244 
$306,115 
$479,880 
$453,500 

$184,899 
$300,410 
$784,485 

$1,269,794 

61,633 
58,831 
27,758 
3,935 

154,381 
122,753 
25,979 

$463,143 
$613,765 

$1,688,635 
$2,765,543 

$184,899 
$294,155 
$416,370 
$393,500 

154,381 
120,054 
59,750 
8,470 

$463,143 
$600,270 
$896,250 
$847,000 



PRELIMINARY QUANTITIES 9 D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Structural Quantities Summary.xls (Sonoran Wash) 

SONORAN WASH - FULL STRUCTURAL ALTERNATIVE 

6/1/01 
DEJ 

Item 

Hackbeny Reach 

I I I I I I I I I 

Unit Price 

Levee Option 
Left Bank 
Quantity 

(yd3) 

Fill Option 
Left Bank 
Volume 

(yd3) 
Left Bank 

Cost 

Rlght Bank 
Quantity 

(yd3) 
 aft Bank 

Cost 

Total 
Quantity 

(yd3) 
Right Bank 

Cost 

Rlght Bank 
Quantity 

(yd3) Total Cost 
Right Bank 

Cost 

I 

Total 
Quantii (yd3) Total Cost 



TEAM ALTERNATIVE CONSTRUCTION COST TOTALS - ENTIRE STUDY AREA 

Gabion Mattress Revetment 
Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 
Total Cost 

CSA Revetment 
Excavation (yd3) 
Borrow Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 
total Cost 

$2 
$5 
$60 

$2 
$5 
$15 
$100 

35,717 
27,627 
8,973 

35,717 
26,299 
23,568 

. 3,341 
1 

$179.737 
$196,451 
$680,575 

$1,056,763 

$179,737 
$187.130 
$486,660 
$368,595 

$1,222,122 

13.1 19 
31,436 
9,151 

13,119 
30,437 
23,134 
3,280 

$1,214,548 

$70,590 
$233,327 
$730,055 

$1,033,972 

$70,590 
$226,226 
$550,690 
$367,040 

$2,438,888 

48,836 
59,063 
18,124 

48,836 
56,736 
46,702 
6,621 

$1,485,821 

$250,327 
$429,778 

$1,410,630 
$2,090,735 

$250,327 
$413.356 

$1,037,350 
$735,635 

$1,012,772 

36,689 
84,224 
7,374 

36,689 
84,224 
19,459 
2,758 

$2,498,593 

$184.590 
$598,156 
$557.930 

$1,340.676 

$184,590 
$598,156 
$399,000 
$304,075 

13,708 
36,927 
6,688 

13,708 
36.274 - 

16,920 
2,399 

$73,505 
$272,753 
$533,520 
$879,778 

$73,505 
$268,182 
$402,640 
$268,445 

50,397 
121,151 
14,062 

50,397 
120,498 
36,379 
5,157 

$258,095 
$870,909 

$1,091,450 
$2,220,454 

$258.095 
$866,338 ' 

$801,640 
$572,520 



PRELIMINARY QUANTlTlE @ D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

! 

SKUNK CREEK -TEAM ALTERNATIVE 
Levee Option I Fill Option 

 en Bank kght ~ a n k  Lett Bank kght Bank Total 
Quantity Left Bank Quantity Riaht Bank Total Quantity Left Bank Quantity Rioht Bank Quantity 

Team Quantities Summary-Rev1 .XIS 
(Skunk Creek) 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 
Total Cost 

6/1/01 
DEJ 

$6 
$8 
$30 
$115 

1,152 
3,037 
1.530 
217 

$6.912 
$24,296 
$45,900 
$24,955 
$102,063 

4,995 
13,167 
8,801 
1,248 

$29,970 
$105,336 
$264,030 
$143,520 
$512,856 

6.147 
16,204 
10,331 
1,465 

$36,882 
$129,632 
$309,930 
$168,475 
1644,919 

1,145 
8,588 
982 
139 

$6,870 
$68.704 
$29,460 
$15,985 

4,965 
14,264 
6,424 
911 

$121,019 I 

$29,790 
$1 14.1 12 
$192,720 
$104,765 
$441,387 $562,406 

6,110 
22,852 
7,406 
1,050 

$36,660 
$182.81 6 
$222,180 
$120,750 



PRELIMINARY QUANTITIE @ D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

SKUNK CREEK -TEAM ALTERNATIVE 

Item 

Braided Reach 
Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Team Quantities Summary-Rev1 .XIS 
(Skunk Creek) 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

6/1/01 
DEJ 

Unit Price 

$6 
$8 
$50 

Riprap Reach Subtotal 
I 

$6 
$8 
$85 

$0 
$0 
$0 

Gabion Reach Subtotal 
I 

Levee Option 

$0 

$0 
$0 
$0 

Left Bank 
Quantity 

(yi3) 

Fill Option 

$0 

Lefl Bank 
Quantity 

&d3) 

$0 

$0 
$0 
$0 

$0 
$0 
$0 

Left Bank 
~ o s t  

$ 0 
$0 
$0 

0 
0 
0 

$0 

Left Bank 
Cost 

$0 

0 
0 
0 

~ i g h t  Bank 
Quantity 

&d3) 

$0 
$0 
$0 

SO 

$0 

$0 
$0 
$0 

Right Bank 
Cost 

~ l g h t  Bank 
Quantity 

(yd3) 

$0 
$0 
$0 

$0 

Total 
Quantity 

(yd3) 
~ i g h t  Bank 

Cost 

$0 

$0 
$0 
$0 

Total 
Quantity (yd3) Total Cost 

$0 

0 
0 
0 

$0 

Total Cost 

$0 
$0 
$0 

$0 

$0 
$0 
$0 

0 
0 
0 

$0 
$0 
$0 



PRELIMINARY QUANTITIE 9 D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

Team Quantities Surnrnary-Rev1 .XIS 
(Skunk Creek) 

6/1/01 
DEJ 



PRELIMINARY QUANTITIE @ D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SKUNK CREEK - TEAM ALTERNATIVE 

-- 

$30 1,530 $45,900 8,801 $264,030 10,331 $309,930 982 $29,460 6,424 $192,720 7,406 $222,180 
CSA Cement (tons) I $115 217 $24,955 1,248 $143,520 1,465 $168,475 139 $15,985 911 $104,765 1,050 $120,750 

CSA Reach Subtotal $102,063 5542,856 $644,919 $121,019 $441,387 $562,406 

Team Quantities Summary-Revl.xls 
(Skunk Creek) 

6/1/01 
DEJ 



PRELIMINARY QUANTITIE ab: D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

SKUNK CREEK -TEAM ALTERNATM 

Levee Option Fill Option 
Lett Bank NgM Bank  en Bank ~ t g h t  Bank Total 
Quantity Left Bank Quantity Right Bank Total Quantity Left Bank Quantity Right Bank Quantity 

Item Unit Price (yd3) Cost (yd3) Cost Quantii (yd3) Total Cost (yd3) Cost (yd3) Cost (yd3) Total Cost 
Knoll Reach 

Team Quantities Summary_Revl .XIS 
(Skunk Creek) 6/1/01 

DEJ 



PRELIMINARY QUANTlTlE @ ND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Team Quantities Summary-Rev1 .XIS (Unnamed Tributary) 
6/1/01 

DEJ 



PRELIMINARY QUANTlTlE j& D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Team Quantities Summary-Revl.xls (Unnamed Tributary) 
6/1/01 

DEJ 

SONORAN WASH - TEAM ALTERNATIVE 

Item 

Sandy Reach 
~xcavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Lett Bank 
Quantity 

(yd3) Unit Price 

$5 
$7 

$40 

Total 
Quantity 

(yd3) 

2,872 
7,695 
2,076 

2,872 
7,799 
830 

2,872 
7,585 
3,342 
474 

Total Cost 

$14,360 
$53,865 
$83,040 

$151,265 

$14,360 
$54,593 
$62,250 

$1 31,203 

$14,360 
$53,095 
$66,840 
$52,140 

$1 86,435 

Left Bank 
Cost 

$0 
$0 
$0 
$0 

$0 
$0 
$0 
$0 

$0 
$0 
$0 
$0 
$0 

Option 

Right Bank 
Cost 

$13,145 
$44,541 
$112,840 
$170,526 

$13,145 
$45,528 
$84,675 
$143,348 

$13,145 
$43,491 
$90,840 
$70,840 
$218,316 

Total 
Quantity (yd3) 

2,629 
6,363 
2,821 

2,629 
6,504 
1,129 

2,629 
6,213 
4,542 
644 

Total Cost 

$13,145 
$44,541 
$1 12,840 
$170,526 

$13,145 
$45,528 
$84,675 
$143,348 

$13,145 
$43,491 
$90,840 
$70,840 
$218,316 

Levee 
Right Bank 
Quantity 

(Yd3) 

2,629 
6,363 
2,821 

2,629 
6,504 
1,129 

2,629 
6,213 
4,542 
644 

Left Bank 
Quantity 

(yd3) 

Riprap Reach Subtotal 

Fill 
kght Bank 
Quantity 

(Yd3) 

2,872 
7,695 
2,076 

2,872 
7,799 
830 

2,872 
7,585 
3,342 
474 

Left Bank 
Cost 

$0 
$0 
$0 
$0 

$0 
$0 
$0 
$0 

$0 
$0 
$0 
$0 
$0 

Excavation (yd3) 
Bomw Material (yd3) 
Gabion Revetment (yd3) 

Option 

Right Bank 
Cost 

$14,360 
$53,865 
$83,040 
$151,265 

$14,360 
$54,593 
$62,250 
$131,203 

$14,360 
$53,095 
$66,840 
$52,140 
$186,435 

$5 
$7 

$75 
Gabion Reach Subtotal 

Excavation (yd3) 
Borrow Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 
- 

$5 
$7 
$20 
$1 10 

CSA Reach Subtotal 

, 



PRELIMINARY QUANTlTlE D COST ESTIMATE -- 

SKUNK CREEK WATERCOURSE MASTER PLAN 

SONORAN WASH -TEAM ALTERNATIVE 

I Levee Option I Fill Option 
Left Bank I I R~ght Bank ( I I I Left Bank I I R~ght Bank I I Total I I 

Item 

Main Stem Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Unit Price 

I 

Excavation (yd3) 1 $5 
Borrow Material (yd3) 1 $7 
Gabion Revetment (yd3) 1 $75 

Gablon Reach Subtotal 
I 

$5 
$7 

$40 

I 

Excavation (yd3) 1 $5 
Borrow Material (yd3) 1 $7 

Team Quantities Summary-Rev1 .XIS (Unnamed Tributary) 

Quantity 

(yd3) 

Ripap Reach Subtotal 
I 

CSA Revetment (yd3) 1 $20 
CSA Cement (tons) 1 $110 

CSA Reach Subtotal 
I 

6/1/01 
DEJ 

21,417 
16,356 
8,685 

I 

I I 
21,417 1 $107,085 1 4,095 
15,898 1 $1 11,286 1 8,679 

Left Bank 
Cost 

$568,977 

21,417 
16,787 
5,211 

I I I I I I I I 

$20,475 1 25,512 1 $127,560 1 21,844 1 $109,220 1 4,380 1 $21,900 1 26,224 1 $131,120 
$60,753 1 24,577 1 $172,039 1 51,028 1 $357,196 1 11,233 1 $78,631 1 62,261 1 $435,827 

13,982 
1,982 

$107,085 
$1 14,492 
$347,400 

$107,085 
$1 17,509 
$390,825 
$61 5,419 

I 

Quantity 

(yd3) 

$272,792 

4,095 
9,168 
2.847 

$279,640 
$218,020 
$716,031 

4,095 
8,931 
4,745 

$20,475 
$64,176 
$213,525 
$298,176 

Right Bank 
Cost 

$841,769 

25,512 
25,955 
8,058 

7,639 
1,083 

$20,475 
$62,517 

$189,800 

4,380 
11,590 
2,077 

$127,560 
$181,685 
$604,350 
$913.595 

21,844 
51,028 
4,378 

Total 
Quantity (yd3) 

$758,296 

26,224 
62,618 
6,455 

$21,900 
$81,130 
$155,775 
$258,805 

$109,220 
$357,196 
$328,350 
$794,766 

$152,780 
$119,130 
$353,138 

25,512 
25,287 
13,430 

$131,120 
$438,326 
$484,125 

$1,053,571 

Total Cost 

$240,259 

21,621 
3,065 

$127,560 
$177,009 
$537,200 

$998,555 

Quantity 

&d3) 

$432,420 
$337,150 

$1,069,169 

21,844 
51,028 
7,297 

Left Bank 
Cost 

11,749 
1,665 

$109,220 
$357,196 
$291,880 

Quantity 

(yd3) 

$234,980 
$183,150 
$884,546 

4,380 
11,417 
3,461 

Right Bank 
Cost 

5,573 
790 

$21,900 
$79,919 
$138,440 

Quantity 

(yd3) 

$1 11,460 
$86,900 
$298,891 

Total Cost 

26,224 
62,445 
10,758 

$431,120 
$437.1 15 
$430,320 

17,322 
2,455 

$346,440 
$270,050 

$1 ,I 83,437 



PRELIMINARY QUANTlTlE 9 NO COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Team Quantities Summary-Revl.xls (Unnamed Tributary) 
6/1/01 

DEJ 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Team Quantities Summary-Rev1 .XIS (Unnamed Tributary) 

SONORAN WASH - TEAM ALTERNATIVE 

6/1/01 
DEJ 

Item 

Hackbeny Reach 

, I I I I I I I I I I I 

Unit Price 

Levee Option 
Left Bank 
Quantity 

(yd3) 

Fill Option 
Left Bank 
Quantity 

&d3) 
Left Bank 

Cost 
Left Bank 

Cost 

~ i g h t  ~ a n k  
Quantity 

(yd3) 

R~ght Bank 
Quantity 

(Yd3) 
Right Bank 

Cost 
Right Bank 

Cost 
Total 

Quantity (yd3) Total Cost 

Total 
Quantity 

(yd3) Total Cost 



STAKEHOLDERS ALTERNATIVE CONSTRUCTION COST TOTALS - E N ~ R E  STUDY AREA 

(yd3) 
Total Cost 

CSA Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
CSA Total (yd3) 
CSA Cement Total (tons) 
Transition Structure (LS) 
Six (6) Grade Control Structures 

(yd3) 
Six (6) Grade Control Structures 
Cement (tons) 
Total Cost 

$70 

$3 
$6 
$18 
$1 10 

$150,000 

$18 

$110 

0 

186,444 
50,089 
75,206 
10,660 
0 

0 

0 

$0 
$3,344,356 

$559,332 
$300,534 
$1,353,708 
$1,172,600 

$0 

$0 

$0 
$3,386,174 

0 

291,324 
85,566 
101,502 
14,388 
0 

0 

0 

$0 
$5,540,872 

$873,972 
$513,396 
$1,827,036 
$1,582,680 

$0 

$0 

$0 
$4,797,084 

2,545 

477,768 
135,655 
178,708 
25,048 

1 

6,782 

962 

$178,150 
$9,213,378 

$1,433,304 
$813,930 
$3,180,744 
$2,755,280 
$1 50.000 

$122,076 

$105,820 
$8,561,154 

0 

188,915 
170,427 
67,228 
9,529 
0 

0 

0 

$0 
$3,803,907 

$566,745 
$1,022,562 
$1,210,104 
$1,048,190 

$0 

$0 

$0 
$3,847,601 

0 

283,227 
240,192 
89,782 
12,727 
0 

0 

0 

$0 
$5,689,320 

$849,681 
$1,441,152 
$1,616,076 
$1,399,970 

$0 

$0 

$0 
$5,306,879 

2.545 

472,142 
410,619 
157,010 
22.256 

1 

6,782 

962 

$178,150 
$9,821,377 

$1,416,426 
$2,463,714 
$2,826.180 
$2,448,160 
$150,000 

$122,076 

$105,820 
$9,532,376 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SKUNK CREEK - STAKEHOLDERS ALTERNATIVE 

Stakeholders Quantities Summary.xls 
(Skunk Creek) 

Gabion Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Gabion Total (yd3) 
Total Cost 

61510 1 
DEJ 

Item 

Fill Option 

$3 
$6 
$70 

Unit Price Total Cost 

$652,356 
$948,444 

$4,253,960 
$5,854,760 

55,177 
10,938 
14,376 

~o ta l  
Quantity 

(yd3) 

217,452 
158.074 
106.349 

 en Bank 
Quantity 

(yd3) 

56,747 
20.31 1 
26,033 

Levee Option 

SKUNK CREEK - STAKEHOLDERS ALTERNATIVE TOTALS 

Len Bank 
Quantity 

(yd3) 

Riprap Revetment 
Excavation Total &d3) 
B o r n  Total (yd3) 
Riprap Total (yd3) 
Total Cost 

$165,531 
$65,628 

$1,006,320 
$1,237,479 

Left Bank 
Cost 

$170,241 
$121,866 

$1,041,320 
5 1,333,427 

158,477 
58.855 
89,194 

Left Bank 
Cost 

213,654 
68,677 
117,947 

$475.431 
$353,130 

$3,567,760 
S4,396,321 

$3 
$6 
$40 

158,477 
62,479 
44,295 

~ l g h t  Bank 
Quantity 

(yd3) 

160,705 
137.763 
80,316 

$640,962 
$412.062 

$4,717,880 
$5,770,904 

Right Bank 
Cost 

$482,115 
$826,578 

$3.212.640 
$4,521,333 

55,177 
9,822 
28,753 

$475,431 
$374,874 

$3,100,650 
$3,950,955 

kight Bank 
Quantity 

(yd3) 

$165,531 
$58,932 

$1,150,120 
$1,374,583 

Total 
Quantity (yd3) 

Right Bank 
Cost 

213,654 
73,417 
58,671 

Total Cost 

$640,962 
$440,502 

$4,106,970 
f 5;188,434 

56,747 
20,311 
13,016 

I 

$170.241 
$121,866 
$911,120 

51,203,227 

160,705 
141,015 
39,893 

$482,115 
$846,090 

$2,792,510 
$4,120,715 

217,452 
161,326 
52,909 

$652.356 
$967,956 

$3,703,630 
$5,323,942 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Stakeholders Quantities Surnrnary.xls 
(Skunk Creek) 

SKUNK CREEK - STAKEHOLDERS ALTERNATIVE 

61510 1 
DEJ 

CSA Revetment (yd3) 1 $18 
CSA Cement (tons) I $110 

CSA Reach Subtotal 
I 

$0 
$0 
$0 

$0 
$0 
$0 

$0 
$0 
$0 

-- 

0 
0 

$0 
$0 
$0 

$0 
$0 
$0 

$0 
$0 
$0 

0 
0 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SKUNK CREEK - STAKEHOLDERS ALTERNATlM 

Excavation (yd3) $3 $0 $0 0 $0 $0 $0 0 $0 
Borrow Material (yd3) $6 $0 $0 0 $0 $0 $0 0 $0 
Gabion Revetment (yd3) $70 $0 $0 0 $0 $0 $0 0 $0 

Gabion Reach Subtotal $0 $0 $0 $0 $0 $0 
I 

Item 

Greasewood Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

I I I I I I I I I I I I 

Excavation (yd3) 1 $3 1 I $0 I I $0 I 0 I $0 I I $0 I I S 0  I 0 I $0 
I 

Borrow Material (vd3) I $6 I I $0 I I $0 I n $0 I $n I I ~ n I n I r n  
L- ., , , 7 -  7 - 7 -  ..- T- v- - Y- 

CSA Revetment (yd3) I $18 $0 $0 o $0 $0 $0 O $0 
CSA Cement (tons) 1 $110 $0 $0 0 $0 $0 $0 0 $0 

CSA Reach Subtotal $0 $0 $0 $0 $0 $0 
I I 

Unit Price 

$3 
$6 
$40 

Stakeholders Quantities Surnmary.xls 
(Skunk Creek) 

Riprap Reach Subtotal 

6/5/0 1 
DEJ 

$0 
$0 
$0 

Levee Option 

SO 

Left Bank 
Quantity 

(yd3) 

Fill Option 

$0 
$0 
$0 

 en Bank 
Quantity 

(yd3) 

SO 

Left Bank 
Cost 

0 
0 
0 

Leff Bank 
Cost 

$0 

KQM Bank 
Quantity 

(yd3) 

$0 
$0 
$0 

R~ght Bank 
Quantity 

(yd3) 

$0 

$0 
$0 
$0 

Total Cost 
Right Bank 

Cost 
Right Bank 

Cost 

SO 

Total 
Quantity (yd3) 

$0 

$0 
$0 
$0 

Total 
Quantity 

(yd3) Total Ccst 

0 
0 
0 

$0 
$0 
$0 



PRELIMINARY QUANTlTlE @ D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SKUNKCREEK-STAKEHOLDERSALTERNAW 

Item 
Cut Bank Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Stakeholders Quantities Sumrnary.xls 
(Skunk Creek) 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

6/5/0 1 
DEJ 

Unit Price 

$3 
$6 
$40 

Riprap Reach Subtotal 
I 

$ 3 
$6 
$70 

55,177 
9.822 
28,753 

Gabion Reach Subtotal 

Levee Option 

$1,374,583 

55,177 
10,938 
14,376 

r en Bank 
Quantity 

(yd3) 

Fill Option 

$165,531 
$58,932 

$1,150,120 

$1,237,479 

Left Bank 
Quantity 

(yd3) 

$4,061,368 

$165,531 
$65,628 

$1,006,320 

Left Bank 
Cost 

144,088 
54,524 
82,549 

$3,668,608 

Left Bank 
Cost 

$ 5,435,951 

144.088 
57,849 
41,275 

~ i g h t  Bank 
Quantity 

(yd3) 

$432,264 
$327.144 

$3,301,960 

$4,906,087 

~ ~ g h t  Bank 
Quantity 

(yd3) 

$1,333,427 

$432.264 
$347,094 

$2,889,250 

Right Bank 
Cost 

199,265 
64.346 
11 1,302 

$ 1,203,227 

Right Bank 
Cost 

$4,221,469 

199.265 
68,787 
55,651 

Total 
Quantity (yd3) 

$597,795 
$386.076 

$4,452,080 
$5,554,896 

$3,866,939 

Total Cost 

Total 
Quantity 

(yd3) 

$597.795 
$412,722 

$3,895,570 
$5,070,166 

Total Cost 

56,747 
20,311 
26,033 

56,747 
20,311 
13,016 

$170,241 
$121,866 

$1,041.320 

$170,241 
$121,866 
$911,120 

146,275 
133,814 
74,494 

146,275 
136,804 
37,247 

$438,825 
$802.884 

$2,979,760 

$438,825 
$820,824 

$2,607,290 

203.022 
154.125 
100,527 

$609,066 
$924.750 

$4,021,080 

203,022 
157.1 15 
50,263 

$609,066 
$942,690 

$3,518,410 



PRELIMINARY QUAMlTlE Jk D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Stakeholders Quantities Surnrnary.xls 
(Skunk Creek) 

6/5/01 
DEJ 



PRELIMINARY QUANTITI fib, D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

SONORAN WASH - STAKEHOLDERS ALTERNATIVE NANRAL CHANNEL 

Stakeholders Quantities Surnrnary.xls (Sonoran Natural) 
6/1/01 

DEJ 



a PRELIMINARY QUANTlTl D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

Stakeholders Quantities Summary.xls (Sonoran Natural) 

SONORAN WASH - STAKEHOLDERS ALTERNATIVE NATURAL CHANNEL 

6/1/01 
DEJ 

Item 

Sandy Reach 
Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

unit price 

$3 
$6 
$40 

Riprap Reach Subtotal 

I I I I I I I I I I I I I 

I I I I I I 

Levee Option 
Left Bank 
Quantity 

(yd3) 

$0 

Fill Option 
Left Bank 
Quantity 

(yd3) 

$0 

Left Bank 
Cost 

$0 
$0 
$0 

$0 $0 

Left Bank 
Cost 

$0 
$0 
$0 

$0 

R~ght Bank 
Quantity 

(Yd3) 

$0 

R~ght Bank 
Quantii 

(yd3) 
Right Bank 

Cost 

$0 
$0 
$0 

Right Bank 
Cost 

$0 
$0 
$0 

Total 
Quantity (yd3) 

0 
0 
0 

Total Cost 

$0 
$0 
$0 

Total 
Quantity 

(yd3) 

0 
0 
0 

Total Cost 

$0 
$0 
$0 



PRELIMINARY QUANTIT l 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SONORAN WASH - STAKEHOLDERS ALTERNATIVE NATURAL CHANNEL 

Item 

Main Stem Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Stakeholders Quantities Summary.xls (Sonoran Natural) 

Borrow Material (yd') 
CSA Revetment (yd3) 
CSA Cement (tons) 

6/1/01 
DEJ 

Unit Price 

$3 
$6 

$40 
Riprap Reach Subtotal 

I 

$6 
$18 
$110 

CSA Reach Subtotal 

Levee Option 

$462,518 

1 

10,714 
14,959 
2,120 

Fill Option 

32,501 
2,772 
6,371 

32,094 
11,486 
7,433 

$663,028 

Left Bank 
Quantity 

(yd3) 

Left Bank 
Quantity 

(yd3) 

$368,975 

$96,282 
$68,916 

$297,320 

$64,284 
$269,262 
$233,200 

Left Bank 
Cost 

Rlght Bank 
Quantity 

(yd3) 

$97,503 
$16,632 

$254,840 

$!540,939 

Left Bank 
Cost 

$831,493 

2,110 
12,822 
1,818 

Right Bank 
Cost 

64,595 
14,258 
13,804 

$1,203,967 

R~ght Bank 
Quantity 

&d3) 

$875,235 

$12,660 
$230,796 
$199,980 

Total 
Quantity (yd3) 

$193,785 
$85,548 

$552,160 

$1,089,191 

Total Cost 
Right Bank 

Cost 

$330,339 

12,824 
27,781 
3,938 

$1,205,574 

$475,893 

Total 
Quantity 

(yd3) 

I 

$76,944 
$500,058 
$433,180 

$1,565,084 

Total Cost 

32,501 

2,846 
5,394 

32,813 
87,286 
6,327 

$98,439 
$523,716 
$253,080 

86,628 
14,023 
1,987 

$97,503 
$17,076 
$215,760 

$519,768 
$252,414 
$218,570 

65,314 
90,132 
11,721 

$195,942 
$540,792 
$468,840 

2,285 
10,855 
1,539 

$13,710 
$195,390 
$169,290 

88,913 
24,878 
3,526 

$533,478 
$447,804 
$387,860 



PRELIMINARY QUANTITI da ND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

Stakeholders Quantities Summary.xls (Sonoran Natural) 
6/1/01 
DEJ 



@ PRELIMINARY QUANTITIE ND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Stakeholders Quantities Surnmary.xls (Sonoran Natural) 

SONORAN WASH - STAKEHOLDERS ALTERNATIVE NATURAL CHANNEL 

6/1/01 
DEJ 

Item 
Hackberry Reach 

Excavation (yd3) 
B o r n  Material (yd3) 
Riprap Revetment (yd3) 

I I I I I I I I I I I I I I I 

Fill Option 

Unit Price 

$3 
$6 
$40 

Riprap Reach Subtotal 

Total Cost 

$0 
$0 
$0 
$0 

Levee Option 

Right Bank 
Cost 

$0 
$0 
$0 
$0 

Kfght Bank 
Quantity 

(yd3) 

Left Bank 
Quantity 

(yd3) 

Total 
Quantity 

(yd3) 

0 
0 
0 

$0 

Left Bank 
Cost 

$0 
$0 
$0 
$0 

Left Bank 
Quantity 

(yd3) 

$0 

Total 
Quantity (yd3) 

0 
0 
0 

$0 

Total Cost 

$0 
$0 
$0 

Left Bank 
Cost 

$0 
$0 
$0 

Rlght Bank 
Quantity 

(Yd3) 
Right Bank 

Cost 

$0 
$0 
$0 



PRELIMINARY QUANTlTlE a D COST ESTlMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-001 

I $40 I 1 I 7,630 305,200 I 
Total Cost 1 $511,267 ( 1 $733,810 ( 1 $1,700,277 1 1 $453,577 1 I $801,750 I 1 $1,710,527 

(yd3) 1 I 2,545 178,150 2,545 178,150 
Total Cost I 1 $413,965 1 1 $611,642 1 I $1,3!i3,757 I 1 $370,145 1 1 $696,792 1 ( $1,395,087 

I I I I I I I I I I I I 
I I I I I I I I I I I I I 

CSA Revetment 1 I I I I I - -. . . -- . - -. . . -. . - 
Excavation Total (yd3) $3 32,501 $97,503 61,654 $184,962 94,155 $282,465 32,501 $97,503 54,122 $162,366 86,623 $259,869 
Borrow Total (yd3) $6 2.229 $13,374 7,661 $45,966 9,890 $59,340 2,379 $14,274 34.566 $207,396 36,945 $221,670 
CSA Total (yd3) $18 11,482 $206,676 14,422 $259.596 25,904 $466,272 9.802 $176,436 12,389 $223,002 22,191 $399,438 
CSA Cement Total (tons) $110 1,628 $179,080 2,044 $224,840 3,672 $403,920 1.390 $152,900 1,756 $193,160 3,146 $346,060 
Transition Structure (LS) $150.000 1 150,000 - 1 . 150,000 
Six (6) Grade Control Structures I I I I . . 

(yd3) $18 6.782 122,076 6,782 122,076 
Six (6) Grade Control Structures 
Cement (tons) $1 10 962 105,820 962 105,820 
Total Cost $496,633 S715,364 $441,113 $785,924 , , 

6/1/01 
DEJ 



PRELIMINARY QUANTITIE @ D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 2350-0002-MJl 

SONORAN WASH -STAKEHOLDERS ALTERNATIVE BY PASS CHANNEL 

I Levee Option I Fill Option 
Lett Bank I I ~ h t  Bank 1 I 1 I Lett Bank I I ~ l g h t  Bank I I Total I 
Quantity Left Bank Quantity ~ g h t  Bank Total Quantity Left Bank Quantity Right Bank Quantity 

Item Unit Price (yd3) Cost (yd3) Cost Quantity (yd3) Total Cost Cost (yd3) Cost (yd3) Total Cost 

I 
Excavation (yd3) 1 $3 $0 $0 0 $0 $0 $0 0 $0 
Borrow Material (yd3) 1 $6 $0 $0 0 $0 $0 $0 0 $0 
Gabion Revetment (yd3) 1 $70 $0 $0 0 $0 $0 $0 0 

Gabion Reach Subtotal 
$0 

so so so so so $0 
I 

Stakeholders Quantities Surnmary.xls (Sonoran By Pass) 
6/1/01 
DEJ 



PRELIMINARY QUANTlTI dd D COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SONORAN WASH - STAKEHOLDERS ALTERNATIVE BY PASS CHANNEL 

I Levee Option 
Lefl Bank I I Right Bank I I I 

Item 

Main Stem Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 
Transition Structure (LS) 
Six (6) Grade Control Structures 

Unit Price 

(yd3) 1 $40 1 

$3 
$6 
$40 

$150,000 

I I 1 7,630 1 $305,200 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 
Transition Structure (LS) 
Six (6) Grade Control Structures 

Quantity 

(yd3) 

Riprap Reach Subtotal] 1 $511,267 I 1 $733,810 1 1 $1,700,277 

(yd3) 1 $70 
Gabion Reach Subtotal 

I 

32,501 
2,394 
9,985 

$3 
$6 
$70 

$150,000 

Leff Bank 
Cost 

$413,965 

Excavation (yd3) 
Bomw Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 
Transition Structure (LS) 
Six (6) Grade Control Structures 

(yd3) 1 $18 1 

$97,503 
$14,364 
$399,400 

32.501 
2,822 
4,279 

$97,503 
$13.374 
$206.676 
$179.080 

I 1 6,782 1 $122,076 

cement (tons) 1 $110 1 

Fill Option 

Quantity 
(yd3) 

1 2,545 
$611,642 1 

I 

$3 
$6 
$18 
$110 

$150,000 

Six (6) Grade Control Structures I I I I I I 
1 962 1 $105,820 

Stakeholders Quantities Summary.xls (Sonoran By Pass) 

32,501 
2,519 
8,524 

61,654 
7,868 
12,541 

$97,503 
$16,932 
$299.530 

$176.150 
$1,353,757 

61,654 
7,661 
14,422 
2,044 

32,501 
2,229 
11,482 
1,628 

CSA Reach Subtotal 1 ( $496,633 1 1 $715,364 1 1 $1,589,893 
I I I I I I I 

6/1/01 
DEJ 

 eft Bank 
Quantity 

(yd3) 
Right Bank 

Cost 
Right Bank 

Cost 

$97,503 
$15,114 
$340,960 

$184,962 
$47,208 
$501,640 

61.654 
8,405 
5.375 

$184,962 
$45.966 
$259,596 
$224,840 

Lefl Bank 
Cost 

Total 
Quantity (yd3) 

~ ~ g h t  Bank 
Quantity 

(yd3) 

~ o t a ~  
Quantity 

(yd3) Total Cost 

54,122 
34,744 
10,773 

94,155 
10,262 
22,526 
I 

$184,962 
$50,430 
$376,250 

94,155 
9,890 
25,904 
3,672 

1 

Total Cost 

$282,465 
$61,572 
$901,040 
$150,000 

$282,465 
$59,340 
$466,272 
$403,920 
$150,000 

$162,366 
$208,464 
$430,920 

94,155 
11,227 
9.654 

1 

$282,465 
$67,362 
$675,780 
$150,000 

86,623 
37,263 
19,297 

I 

$259,869 
$223,578 
$771,880 
s15n nnn 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Stakeholders Quantities Summary.xls (Sonoran By Pass) 

SONORAN WASH -STAKEHOLDERS ALTERNATIVE BY PASS CHANNEL 

6/1/01 
DEJ 

Item 
Ironwood Reach 

Unit Price 

Levee Option 
Lett Bank 
Quantity 

(ydJ) 

Fill Option 
 eft Bank 
Quantity 

(yd3) 
Left Bank 

Cost 
Left Bank 

Cost 

~ h t  Bank 
Quantity 

(yd3) 

Mght Bank 
Quantity 

(yd3) 
Right Bank 

Cost 
Right Bank 

Cost 
Total 

Quantity (yd3) Total Cost 

Total 
Quantity 

(yd3) Total Cost 



PRELIMINARY 
SKUNK CREEK WATERCOURSE MASTER PLAN 

SONORAN WASH - STAKEHOLDERS ALTERNATIVE BY PASS CHANNEL 

Item 
Hackberrv Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

Stakeholders Quantities Summary.xls (Sonoran By Pass) 

Unt Price 

$3 
$6 
$40 

I 
Excavation (yd3) 1 $3 
Borrow Material (yd3) 1 $6 
CSA Revetment (yd3) 1 $18 
CSA Cement (tons) 1 $110 

CSA Reach Subtotal 
I 

6/1/01 
DEJ 

Riprap Reach Subtotal 

$3 
$6 
$70 

$0 
$0 
$0 

Gabion Reach Subtotal 

$0 
$0 
$0 
$0 
$0 

Levee Option 

$0 

$0 
$0 
$0 

Left Bank 
Quantity 

(yd3) 

Fill Option 

$0 
$0 
$0 

$0 

$0 
$0 
$0 
$0 
SO 

Left Bank 
Quantity 

(y$) 

$0 

$0 
$0 
$0 

Left Bank 
Cost 

0 
0 
0 

SO 

0 
0 
0 
0 

Left Bank 
Cost 

$0 

0 
0 
0 

~ h t  Bank 
Quantity 

(yd3) 

$0 
$0 
$0 

$0 

1 I 

$0 
$0 
$0 
$0 
$0 

Rlght Bank 
Quantity 

(yd3) 

$0 

$0 
$0 
$0 

Right Bank 
Cost 

$0 
$0 
$0 

SO 
-- 

$0 
$0 
$0 
$0 
$0 I 

Right Bank 
Cost 

$0 

$0 
$0 
$0 

Total 
Quantity (yd3) 

$0 

$0 
$0 
$0 

$0 

$0 
$0 
$0 
$0 
SO 

Total Cost 

Total 
Quantity 

(yd3) 

$0 

$0 
$0 
$0 

Total Cost 

0 
0 
0 

0 
0 
0 
0 

$0 
$0 
$0 

0 
0 
0 

$0 
$0 
$0 
$0 
$0 

$0 
$0 
$0 



Canstruction Cost Estimates 

Phase 2 



PRELIMINARY QUANTI I@ AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE II - FULL STRUCTURAL ALTERNATIVE 
I I I Left Bank 1 1 Right Bank I I Total I I 
I I I Quantity I Left Bank I duant i~  I Right Bank I Quantity I I 
Item I Unit Price I (yd3) / Cost I (yd3) I - Cost I (yd3) 1 Total Cost 
SKUNK CREEK - PHASE I1 FULL STRUCTURAL ALTERNATIVE TOTALS I I 
Riprap Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Riprap Total (yd3) 
Total Cost 

Gabion Total (yd') ( $60 1 160,226 1 $9,613,560 ( 171,294 1 $10,277,640 1 331,520 1 $19,891,200 
Total Cost 1 1 $1 1,782,975 1 1 $12,931,977 1 1 $24,714,952 

Gabion Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 

Full Structural Quantities Summary.xls 

$2 
$5 
$30 

6/20/0 1 
DEJ 

$2 
$5 

387,530 
278,871 
354,503 

387,530 
278,871 

$775,060 
$1,394,355 
$1 0,635,090 
212.804.505 

$775,060 
$1,394,355 

507,181 
327,995 
379,591 

507,181 
327,995 

$1,014,362 
$1,639,975 
$1 1,387,730 
214.042.067 

$1,014,362 
$1,639,975 

894,711 
606,866 
734,094 

$1,789,422 
$3,034,330 
$22,022,820 
$26.846.572 

894,711 
606,866 

$1,789,422 
$3,034,330 



PRELIMINARY QUANTI AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE II - FULL STRUCTURAL ALTERNATIVE 
I I I Left Bank I I Riaht Bank I I Total I 1 

Item 

Carefree Reach 

Excavation (yd') 1 $2 1 10,683 ( $21,366 ( 63,957 1 $127,914 1 74,640 1 $149,280 
Borrow Material (yd3) 1 $5 1 3,540 1 $17,700 1 10,816 1 $54,080 1 14,356 1 $71,780 

Riprap Revetment (yd") 1 $30 
Riprap Reach Subtotal 

I 

Gabion Revetment (yd3) I $60 1 1,439 1 $86,340 1 11,060 1 $663,600 1 12,499 1 $749,940 
Gabion Reach Subtotal l I $125.406 I 1 $845.594 1 I $971.000 

Unit Price 

3,290 

Full Structural Quantities Summary.xls 

Quantity 
(yd3) 

Excavation (yd") 
Borrow Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 

6/20/0 1 
DEJ 

$98,700 
$1 37,766 

Left Bank 
Cost 

$2 
$5 
$15 
$100 

25,279 

CSA Reach Subtotal 

Quantity 
(yd3) 

10,683 
3,540 
3,310 
469 

$758,370 
$940,364 

$1 35.61 6 

Right Bank 
Cost 

$21,366 
$17,700 
$49,650 
$46,900 

28,569 

$924.1 49 

Quantity 

(yd3) 

$857,070 
$1,078,130 

63,957 
10,816 
25,437 
3,606 

61 -059.765 

Total Cost 

$1 27,914 
$54,080 
$381,555 
$360,600 

74,640 
14,356 
28,747 
4,075 

$149,280 
$71,780 
$431,205 
$407,500 . 



PRELIMINARY QUANTI !@ AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

item I Unit Price I (yd3) I Cost I (yd3) I Cost 1 (yd3) 1 Total Cost 
Skunk Tank Reach I I I I I 1 1 

PHASE ll - FULL STRUCTURAL ALTERNATIVE 

I I I I I I I 

Excavation (vd31 1 $2 1 16.901 1 $33.802 1 80.655 1 $161.310 1 97.556 1 $195.112 1 

I 
I 

Excavation (yd3) 1 $2 
Borrow Material (yd3) 1 $5 
Riprap Revetment (yd3) 1 $30 

Riprap Reach Subtotal 
I 

.< , . - . . 
Borrow Material (yd3) 1 $5 1 142,605 1 $713,025 1 139,541 1 $697,705 ( 282,146 1 $1,410,730 
Gabion Revetment fvd3) I $60 1 31.495 1 $1.889.700 1 31.170 1 $1.870.200 1 62.665 1 $3.759.900 

Right Bank 

Full Structural Quantities Surnmary.xls 

Total 
Quantity 

Left Bank 
Quantity 

16,901 
142,605 
76,989 

6/20/01 
DEJ 

Left Bank 

$33,802 
$713,025 
$2,309,670 
$3,056,497 

Right Bank 
Quantity 

80,655 
139,541 
76,194 

$161,310 
$697,705 
$2,285,820 
$3,144,835 

97,556 
282,146 
153,183 

$195,112 
$1,410,730 
$4,595,490 
$6,201,332 



PRELIMINARY QUANTI @ AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE I1 - FULL STRUCTURAL ALTERNATIVE 
I I I Left Bank I I Right Bank I I Total I 1 
I I I Quantity I Left Bank I Quantity I Riaht Bank I Quantity I I 
Item 
Cobbled Bank Reach 

Excavation (ydJ) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Excavation (yd3) 1 $2 / 44,831 1 $89,662 1 11,408 1 $22,816 1 56,239 1 $112,478 
Borrow Material (vd3) 1 $5 1 13.933 1 $69.665 1 18.534 1 $92.670 1 32.467 1 $162.335 

Unit Price 

Excavation (ydJ) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

$2 
$5 
$30 

6/20/01 
DEJ 

(yd3) 

Riprap Reach Subtotal 
I 

$2 
$5 
$60 

** , - - 
CSA Revetment (ydS) I $15 
CSA Cement (tons) 1 $100 

CSA Reach Subtotal 
I 

Full Structural Quantities Summary.xls 

44,831 
13,933 
23,014 

Gabion Reach Subtotal 
I 

Cost 

$849,747 

44,831 
13,933 
10,229 

20,585 
2,918 

$89,662 
$69,665 
$690,420 

$773,067 

(yd3) 

$776,176 

$89,662 
$69,665 
$613,740 

. , 

$308,775 
$291,800 
$759,902 

11,408 
18,534 
22,023 

$1,625,923 

$702,766 

- 
Cost 

11,408 
18,534 
9,788 

$1,475,833 

, . ,  
19,688 $295,320 40,273 ' $604;095 - 

$22,816 
$92,670 
$660,690 

(yd3) 

$22,816 
$92,670 
$587,280 

2,792 

Total Cost 

56,239 
32,467 
45,037 

5,710 $279,200 
$690,006 

$1 12,478 
$1 62,335 
$1,351.1 10 

56,239 
32,467 
20,017 

$571,000 
$1,449,908 ' 

$1 12,478 
$162,335 
$1,201,020 



PRELIMINARY QUANTI I@ AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Item I Unit Price 1 (yd3) I Cost I (yd3) I Cost I ( d 3 )  I Total Cost 1 
Rodaer Creek Reach I I I I I I 

PHASE I1 - FULL STRUCTURAL ALTERNATIVE 
Total 

Quantity I 

- - 

E w  Material (yd3) 1 $5 
Riprap Revetment (yd3) 1 $30 

Riprap Reach Subtotal 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

Full Structural Quantities Summary.xls 

Left Bank 
Quantity 

54,130 
107,482 

I 
Excavation (yd3) 1 $2 
Borrow Material (yd3) 1 $5 
CSA Revetment (yd3) 1 $15 
CSA Cement (tons) 1 $100 

CSA Reach Subtotal 
I 

6/20/01 
DEJ 

$2 
$5 
$60 

Left Bank 

$270,650 
$3,224,460 
$3,776,010 

Gabion Reach Subtotal 

140,450 
54,130 
66,555 
9,434 

140,450 
541 30 
49,607 

Right Bank 
Quantity 

90,172 
126,090 

63.527-970 

$280,900 
$270,650 
$998,325 
$943,400 

$2,493,275 

Right Bank 

$280,900 
$270,650 

$2,976,420 

$450,860 
$3,782,700 
$4,580,016 

$4.289.076 

173,228 
90,172 
78,078 
11,068 

173,228 
90,172 
58,196 

S7.817.046 

144,302 
233,572 

$346,456 
$450,860 

$1 ,I 71,170 
$1,106,800 
$3,075,286 

$721,510 
$7,007,160 
$8,356,026 

$346,456 
$450,860 

$3,491,760 

31 3,678 
144,302 
144,633 
20,502 

313,678 
144,302 
107,803 

$627,356 
$721,510 

$2,169,495 
$2,050,200 
$5,568,561 

$627,356 
$721,510 

$6,468,180 



PRELIMINARY QUANTI fib AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

Item 1 Unit Price I (yd3) I Cost I (yd3) 1 - Cost (yd3) 1 Total Cost 
Cline Creek Reach I I I I 1 

PHASE II - FULL STRUCTURAL ALTERNATIVE 
Left Bank 
Quantity 

Subtotal 3 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Left Bank 

$2 
$5 
$30 

Excavation (yd3) 
Borrow Material (yd3) 
CSA Revetment fvd3) 

6/20/0 1 
DEJ 

Right Bank 
Quantity 

Riprap Reach Subtotal 

CSA Cement (to&) ' 1 $100 
CSA Reach Subtotal 

I 

Full Structural Quantities Summary.xls 

84,830 
38,310 
59,942 

$2 
$5 
$1 5 

Right Bank 

$2,159,470 

5,700 

Total 
Quantity 

$1 69,660 
$191,550 
$1,798,260 

84,830 
38,310 
40.210 

$1,960,061 

$570,000 i 5,223 ' $522,300 ' 10,923 ' $1,092,300 

69,853 
34,527 
54,924 

$4,119,531 

$169,660 
$191,550 
$603.150 

$2,921,661 $1,534,360 1 
I 

$1 39,706 
$172,635 
$1,647,720 

69,853 
34,527 
36.844 

$1,387,301 

154,683 
72,837 
1 14,866 

$139,706 
$172,635 
$552.660 

$309,366 
$364,185 
$3,445,980 

154,683 
72,837 
77.054 

$309,366 
$364,185 
$1,155,810 



PRELIMINARY QUANTI a AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE I1 - FULL STRUCTURAL ALTERNATIVE 
1 I I Left Bank I I Right Bank I I Total I I 
I I I Quantity I Left Bank I Quantity I Right Bank I Quantity I I 
Item I Unit Price I (yd3) I Cost I (yd3) I - Cost I (yd3) 1 Total Cost 
Shang-Ri La Reach 1 1 1 ! ! ! ! 
Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

l~orrow Material (yd3) 1 $5 1 6,096 1 $30,480 1 13,024 1 $65,120 1 19,120 1 $95,600 1 

Borrow Material (yd3) 1 $5 
Gabion Revetment (yd3) 1 $60 

Gabion Reach Subtotal 

$2 
$5 
$30 

Full Structural Quantities Summary.xls 

Riprap Reach Subtotal 
I 

6,096 
19,950 

CSA Revetment (yd3) 1 $15 
CSA Cement (tons) 1 $100 

CSA Reach Subtotal 

612010 1 
DEJ 

42,503 
6,096 
44,333 

$1,445,476 

$30,480 
$1,197,000 
$1.312.486 

35,688 
5,059 

$85,006 
$30,480 
$1,329,990 

$1,539,030 

13,024 
20,105 

$535,320 
$505,900 
$1,156,706 

66,800 
13,024 
44,677 

$2,984,506 

$65,120 
$1,206,300 
$1.405.020 

35,964 
5,098 

$1 33,600 
$65,120 
$1,340,310 

19,120 
40,055 

$539,460 
$509,800 
$1,247,980 

109,303 
19,120 
89,010 

$95,600 
$2,403,300 
$2,717.506 

$218,606 
$95,600 
$2,670,300 

71,652 
10,157 

$1,074,780 
$1,015,700 - 
$2,404,686 



a PRELIMINARY QUANTI AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE I1 - FULL STRUCTURAL ALTERNATIVE 
I I I Left Bank I I Right Bank 1 I Total I I 
1 1 I Quantity I Left Bank I duantity 1 Right Bank I Quantity ( 1 
Item 
New River Road Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Unit Price 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd') 

Full Structural Quantities Summary.xls 

$2 
$5 
$30 

Excavation (yd3) 
Borrow Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 

6/20/01 
DEJ 

(yd3) 

Riprap Reach Subtotal 
I 

$2 
$5 
$60 

47,332 
20,257 
39,453 

Gabion Reach Subtotal 
I 

$2 
$5 
$15 
$100 

Cost 

$1,379,539 

47,332 
20,257 
17,535 

CSA Reach Subtotal 
I 

$94,664 
$101,285 

$1,183,590 

$1,248,049 

47,332 
20,257 
43,369 
6,148 

(Yd3) 

$1 ,I 01,585 

$94,664 
$101,285 

$1,052,100 

$1,461,284 

41,280 
21,381 
30,404 

$2,481,124 

$1,000,245 

$94,664 
$101,285 
$650,535 
$614,800 

Cost 

41,280 
21,381 
13,513 

$2,248,294 

$1 ,I 02,095 

$82,560 
$106,905 
$912,120 

41,280 
21,381 
31,282 
4,434 

$2,563,379 

(Yd3) 

$82,560 
$106,905 
$810,780 

Total Cost 

88,612 
41,638 
69,857 

$82,560 
$106,905 
$469,230 
$443,400 

$177,224 
$208,190 

$2,095,710 

I 

88,612 
41,638 
31,048 

88,612 
41,638 
74,651 
10,582 

$1 77,224 
$208,190 

$1,862,880 

$177,224 
$208,190 

$1,119,765 
$1,058,200 



PRELIMINARY QUANTI #I AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE II - LOW IMPACT ALTERNATIVE 
I I I Left Bank I I Right Bank I I Total I I 
I I I Quantity I Left Bank I Quantity ( Right Bank ( Quantity I I 
Item I Unit Price I (yd3) I Cast I (yd3) I Cost I (yd3) 1 Total Cost 
SKUNK CREEK - PHASE II LOW IMPACT ALTERNATIVE TOTALS I I I 
Riprap Revetment 
Excavation Total (yd3) 
Borrow Total (yd3) 
Riprap Total (yd3) 
Private Land Bank Protection 
($/Acre*Acres) 
Total Cost 

~ C S A  Revetment 
I I I I I I I 

I I I I 

$3 
$5 
$35 

($/Acre'Acres) 
Total Cost 

I Excavation Total (vdJ) 1 $3 1 5.777 1 $17.331 1 717 1 $2.151 1 6.494 1 $19.482 1 

$7,500 

I Borrow Total (vdJ) 1 $5 1 6.293 1 $31.465 1 752 1 $3.760 1 7.045 1 $35.225 1 

5.777 
6,293 
38,845 

$7,500 

85 

Private Land Bank Protection $7,500 per acre 85 acres 

$17,331 
$31,465 
$1,359,575 

$85 

CSA Total (yd') 
CSA Cement Total (tons) 
Private Land Bank Protection ($/A 
Total Cost 

SC II Low Impact Quantities Summary-Rev-I .XIS 

$635,546 
$2,043,917 

6/21/01 
DEJ 

717 
752 
2,824 

$635,546 
$1,820,542 

$30 
$1 00 
$7,500 

$1 04,751 

$2,151 
$3,760 
$98,840 

$2,148,668 

$97,691 

31,270 
4,432 
$85 

$1,918,233 

6,494 
7,045 
41,669 

$938,100 
$443,200 
$635,546 

$2,065,642 

$19,482 
$35,225 
$1,458,415 

2,841 
403 

$85,230 
$40,300 

$1 31,441 

34.1 11 
4,835 

$1,023,330 
$483,500 

$2,197,083 



PRELIMINARY QUANTI # AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE I1 - LOW IMPACT ALTERNATIVE 
I I I Left Bank I I Riaht Bank I I Total I 1 

1 carefree Reach 
I I I I I I I 

I I I I I I 
Item 

- -. - . . - - . . - - - . . I I I 

Excavation (yd3) 1 $3 1 0 I $0 1 717 1 $2,151 1 717 1 $2,151 I 

Unit Price 

Borrow Material (yd3) 1 $5 
Riprap Revetment (yd3) 1 $35 

Riprap Reach Subtotal 
I 

Quantity 

(yd3) 

Excavation (yd3) 
Borrow Material (yd5) 
Gabion Revetment (yd3) 

SC II Low Impact Quantities Sumrnary-Rev-I .XIS 

0 
0 

I 
Excavation (yd3) 1 $3 
Borrow Material (yd3) 1 $5 
CSA Revetment (yd3) 1 $30 
CSA Cement (tons) 1 $100 

CSA Reach Subtotal 
I 

612OlO 1 
DEJ 

Left Bank 
Cost 

$3 
$5 
$65 

$0 
$0 
$0 

Gabion Reach Subtotal 

0 
0 
0 
0 

Quantity 
(yd3) 

0 
0 
0 

752 
2,824 

$0 

$0 
$0 
$0 
$0 
$0 

Right Bank 
Cost 

$0 
$0 
$0 

$3,760 
$98,840 
$1 04,751 

$97.691 

717 
752 
2,841 
403 

Quantity 

(yd3) 

717 
752 
1,412 

$97.691 

Total Cost 

752 
2,824 

$2,151 
$3,760 
$85,230 
$40,300 
$1 31,441 

$3,760 
$98,840 
$1 04,751 

$2,151 
$3,760 
$91,780 

717 
752 
2,841 
403 

717 
752 
1,412 

$2.151 
$3,760 
$85,230 
$40,300 
$1 31,441 

$2,151 
$3,760 
$91,780 



PRELIMINARY QUANTI COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE I1 - LOW IMPACT ALTERNATIVE 
I I I Left Bank I I Right Bank I I Total I I 
I 1 1 Quantity I Left Bank I Quantity 1 Right Bank I Quantity I I 
Item I Unit Price I (yd3) I Cost I (yd3) I Cost I (yd3) I Total Cost I 
Skunk Tank Reach I I I i I I I 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Excavation (yd3) 1 $3 1 5,777 1 $17,331 1 0 1 $0 1 5,777 1 $17,331 
Borrow Material (yd3) 1 $5 1 6,293 ( $31,465 1 0 $0 1 6,293 1 $31,465 

Borrow Material (yd3) 1 $5 
Gabion Revetment (yd3) 1 $65 

Gabion Reach Subtotal 

CSA Revetment (yd3) 1 $30 1 31,270 1 $938,100 ( 0 I $0 ( 31,270 1 $938,100 
CSA Cement (tons) 1 $100 1 4.432 1 $443.200 1 0 $0 1 4.432 1 $443.200 

$3 
$5 
$35 

. , - - -  . . 
CSA Reach Subtotal] 1 $1,430,096 1 $0 ! i $i,43o,ose I 

Riprap Reach Subtotal 

6,293 
17,480 

SC I1 Low Impact Quantities Summary-Rev-I .XIS 

5,777 
6,293 
38,845 

6/20/01 
DEJ 

$1,408,371 

$31,465 
$1 ,I 36,200 
$1 ,I 84,996 

$17,331 
$31,465 

$1,359,575 
$0 

0 
0 

0 
0 
0 

$1,408,371 

$0 
$0 
$0 

$0 
$0 
$0 

6,293 
17,480 

5,777 
6,293 
38,845 

$31.465 
$1,136,200 
$1,184,996 

$17,331 
$31,465 

$1,359,575 



PRELIMINARY QUANTI I@ AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE I1 - LOW IMPACT ALTERNATIVE 

Excavation (yd3) 
Borrow Material (yd3) 
Riprap Revetment (yd3) 

Total Cost Item 
Cobbled Bank Reach 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

$3 
$5 
$35 

Excavation (yd3) 
Borrow Material (yd3) 
CSA Revetment lvd3) 

SC I1 Low Impact Quantities Summary-Rev-I .xis 

Unit Price 

Riorao Reach Subtotal 

$3 
$5 
$65 

CSA Cement (tons) ' 1 $100 
CSA Reach Subtotal 

I 

6/20/01 
DEJ 

0 
0 
0 

Gabion Reach Subtotal 

$3 
$5 
$30 

Left Bank 
Quantity 

(yd3) 

SO 

0 
0 
0 

0 

$0 
$0 
$0 

$0 

0 
0 
0 

Left Bank 
Cost 

SO 

$0 
$0 
$0 

$0 
$0 

0 
0 
0 

SO 

$0 

$0 
$0 
$0 

Right Bank 
Quantity 

(Yd3) 

0 
0 
0 

$0 

0 

$0 
$0 
$0 

0 
0 
0 

Right Bank 
Cost 

$0 
$0 
$0 

$0 
$0 

Total 
Quantity 

(Yd3) 

0 
0 
0 

$0 
$0 
$0 

$0 
$0 
$0 

0 
0 
0 

0 

$0 
$0 
$0 

0 
0 
0 

$0 
$0 

$0 
$0 
$0 



a PRELIMINARY QUANTI AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE I1 - LOW IMPACT ALTERNATIVE 
I I I Left Bank I I Right Bank I I Total I I 
I I I Quantity / Left Bank I duantity I Right Bank I Quantity ( I 
Item 
Rodger Creek Reach 

I 

Excavation (yd3) 1 $3 
Borrow Material (yd3) 1 $5 
Riprap Revetment (yd3) 1 $35 

Riprap Reach Subtotal 
I 

Unit Price 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

SC I1 Low Impact Quantities Summary-Rev-I .XIS 

0 
0 
0 

I 

Excavation (yd3) 1 $3 
Borrow Material (yd3) 1 $5 
CSA Revetment (yd3) 1 $30 
CSA Cement (tons) 1 $100 

CSA Reach Subtotal 
I 

6/20/01 
DEJ 

(yd3) 

$3 
$5 
$65 

$0 
$0 
$0 
$0 

Gabion Reach Subtotal 
I 

0 
0 
0 
0 

Cost 

0 
0 
0 

0 
0 
0 

$0 

$0 
$0 
$0 
$0 
$0 

(Yd3) 

$0 
$0 
$0 

$0 
$0 
$0 
$0 

$0 

0 
0 
0 
0 

- 
Cost 

0 
0 
0 

$0 

0 
0 
0 

$0 
$0 
$0 
$0 
$0 

(yd3) 

$0 
$0 
$0 
$0 

$0 
$0 
$0 

Total Cost 

0 
0 
0 
0 

0 
0 
0 

$0 
$0 
$0 
$0 
$0 

$0 
$0 
$0 



PRELIMINARY QUANTI @ AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE II - LOW IMPACT ALTERNATIVE 
1 I Left Bank I I Right Bank I I Total I I 

I I I Quantity I Left Bank I Quantity I Riaht Bank 1 Quantity I I 
Item 
Cline Creek Reach 

Excavation (ydJ) 1 $3 
Borrow Material (yd3) 1 $5 
Riprap Revetment (yd3) 1 $35 

Riprap Reach Subtotal 
I 

Gabion Revetment (yd3) 1 $65 1 0 I $0 I 0 I $0 I 0 I $0 
Gabion Reach Subtotall $0 $0 SO I 

Unit Price 

Excavation (yd3) 
Borrow Material (yd3) 

0 
0 
0 

(yd3) 

$3 
$5 

Excavation (yd") / - @ I  0 I $0 I 0 

SC II Low Impact Quantities Summary-Rev-l.xls 

$0 
$0 
$0 
$0 

$0 I 0 I $0 

CSA Revetment (yd3) 1 $30 
CSA Cement (tons) 1 $100 

CSA Reach Subtotal 
I 

612010 1 
DEJ 

Cost 

0 
0 

Borrow Material (yd3) 1 $5 1 0 $0 0 I $0 0 $0 

0 
0 
0 

0 
0 

(yd3) 

$0 
$0 

$0 
$0 
$0 
$0 

$0 
$0 
$0 

- 
Cost 

0 
0 

0 
0 
0 

0 
0 

(yd3) 

$0 
$0 
$0 
$0 

$0 
$0 

Total Cost 

0 I $0 
0 $0 

$0 
$0 
$0 

0 
0 

$0 
$0 
$0 



PRELIMINARY QUANTI !@ AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE II - LOW IMPACT ALTERNATIVE 
I I I Left Bank I I Right Bank I I Total I 1 
I I I Quantity I Left Bank I Quantity I Right Bank I Quantity ( I 
Item I Unit Price ( (yd3) I Cost I (yd3) I Cost I (yd3) I Total Cost I 
Shana-Ri La Reach I I I I I I I 

Excavation (yd3) 
Borrow Material (yd3) 
Gabion Revetment (yd3) 

SC II Low Impact Quantities Summary-Rev-l.xls 

Excavation (yd3) 
Borrow Material (yd3) 
CSA Revetment (yd3) 
CSA Cement (tons) 

6/20/01 
DEJ 

$3 
$5 
$65 

Gabion Reach Subtotal 

$3 
$5 
$30 
$100 

0 
0 
0 

CSA Reach Subtotal 

$0 

0 
0 
0 
0 

$0 
$0 
$0 

PO 

$0 

$0 
$0 
$0 
$0 

0 
0 
0 

SO 

PO 

0 
0 
0 
0 

$0 

$0 
$0 
$0 

$0 
$0 
$0 
$0 

0 
0 
0 

$0 
$0 
$0 

0 
0 
0 
0 

$0 
$0 
$0 
$0 



PRELIMINARY QUANTI a AND COST ESTIMATE 
SKUNK CREEK WATERCOURSE MASTER PLAN 

PHASE I1 - LOW IMPACT ALTERNATIVE 

Excavation (yd') 1 $3 1 0 I $0 0 I $0 I 0 I $0 

Gabion Revetment (yd") 1 $65 
Gabion Reach Subtotal 

I 

Borrow Material (yd3) 1 $5 / 0 $0 I 0 $0 0 $0 

Excavation (yd3) 1 $3 1 0 I $0 I 0 I $0 I 0 I $0 

SC II Low Impact Quantities Summary-Rev-1 .xis 

0 

Borrow Material (yd3) 1 $5 1 0 $0 
CSA Revetment (yd') 1 $30 
CSA Cement (tons) 1 $100 

CSA Reach Subtotal 

612010 1 
DEJ 

0 $0 0 $0 

$0 
$0 

0 
0 

0 

$0 
$0 
$0 

$0 
$0 

0 
0 

0 

$0 
$0 
$0 

$0 
$0 

0 
0 

$0 
$0 
$0 



APPENDIX E 



@ Provlde Undsrpas. Ramp (Locatton Approximate). 
Ses Dotall Sheet 5. 

@ Provide Channel Aecam Ramp Per Dotall (Locatton Approximate). 

2. Contmctor Shall Locate And Protact All Exfatlng UtIIltl~, 
AY Required, Prior To Start Of Conntmctfon. 

a - ' ' - ' - Flow Dlredlon 

---- 

SKUNK CREEK 



Pmvlds N d v e  VegeMion. nnlsh Cmdlng And Vegstotlon Should 

@ Pmvlds Chonnsl Access Ramp Per Oatall (Location Appmxlmde). 

2. Cantmotor Shall Locate And Pmtect All Ewlntlng Wlltles, 
A. hquimd. Prlor To Start U Constructton. 

1 - a - 1 Flow Mmctlon - - - - Properly Uns 



@ Provlde Underpass Ramp (LacaUon Approxlmak). 
See Detall Shsa 5. 

@ Provide Channel Accena Ramp Par Ddall (LmUan Approxlmab). 

2. Contmotor Shall Laaate And Pmtect All Exldnq UUIIUea, 
Au Requlmd, Prlar To Start Of Constructton. 

- - - Property Une 

SKUNK CREEK E MASTER PLAN 





0 CONSTRUCTION NOTES 0 

BACK OF PATH -\ 
A 1 1  1  1  1 1  1 1 

CHANNEL ACCESS RAMP-PLAN VlEW 
N. T.S. 

I 
r BOTTObl OF BANK 

COMPACT TO 95% MAXIMUM DENSITY -v 
BANK PROTECTION ARMOR 
(CSA. GABlON MATTRESS. OR RIPRAP) 

TYPICAL ACCESS RAMP SECTION 
N. T.S. 

TOP OF 
BANK 

TOP a 
BANK 

BOTTOM OF BANK -/ I r///A BOTTOM OF BANK 

OF PAW 

CHANNEL ACCESS RAMP-ELEVATION VlEW 
N. T.S. 

" COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECTION ARMOR 
(CSA. GABION MATTRESS. OR RIPRAP) 

TYPICAL BANK PROTECTION SECTION 
N.T.S. 

1. CONSTRUCT LEVEE EMWKMENT PER MAG. SPEC. 211. 

2. U N - ~  WPS m BE LOUTED AT BRIDGE CROSSINGS. 
BOTn SIDES OF CHANNEL. 

TETRA TECH, INC. 
INPRI~~RUCTIJRR SOUTHWEST GROUP 
4BOI EOLt VOzklnptm S t m t .  S u i t .  260, R n n i x ,  U 85034 
(60 682-XOl FAX (60 241-1164 

3 
2 
1 

NO. 

UNDERPASS RAMP-ELEVATION VlEW 
N.LS. 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

ENGINEERING DIV1810N 

SKUNK CREEK 
WATERCOURSE MASTER PLAN 

FCD 99-23 

REVISION 

* 
UNDERPASS RAMP-PLAN VIEW 
N.T.S. 

BY DATE 

PHASE I 
CONCEPTUAL PLAN 

FULL-STRUCTURAL ALTERNATIVE 
TYPICAL SECTIONS 

DWG NO. 2350FSD5-1.DWC 

JOB NO. 2350002 

OESICNEO BY: 0 0  

DRAWN BY: CBC 

CHECKED BY: BSB 

SHEET: 5 OF 5 





Pmvlda Native Vepstotlon, nnlah Gmdlng And Vegetation Should 

2. Contractor Shall Locote And Protact All Exlltlng Utiiltlea. 
An Required, Prlor To Start Of Conltructlon. 

, - - -  

a I - I I - I I - now Direction 

- - - - Propem Une 



@ ~,":ot~IIV~atotlon. W Grading h d  Vegetation Should 

2. Contractor Shall Locate And Pmtect All Exidng UtllHlw. 
As Requind, Prior To Start W Conetruetion. 

1 3 - 1 I - 8 8 a Row DinetJon ---- 



Pmvlde Native Vegetatbn. Finish Gmdbg And Vegetation Should 

@ ;gvipeta:nghsw5!+xnp (Location Approximate) 

1. Pmfile Stationing Par Baeellna L o d o n .  Dlatoncm Wll Re 
Dietartad. Q u a n t l t l ~  Based On True Bank Diatoncee. 

2. Contmctor Shall Locate And Protect All Exleting Utlntim, 
Ps Roqulrd, Prlor To Start Of Comtruatlon. 

- I - I - I - Flow DimcUon 

---- Property Uns 

FCD 99-23 



0 CONSTRUCTION NOTES 0 
1. CONSTRUCT W E  EMsANKMENl PER MAG. SPEC. 211. 

2. UNMRPISS BOTH SIDES W P S  OF W N E L .  TO BE LOCATED AT BRICCE CROSSINGS. 

3. CH4NNEL *CCESS W P  TO BE LOCATED AT APPROX. 2000' 
INTERVUS. BOTH SIDES OF CWNNEL. . 

TOP OF 
BANK 

- 
N 

eorrou OF BANK \ 

CHANNEL ACCESS RAMP-PLAN VlEW 
N. T.S. 

BOTTOM OF BANK 

COMPACT TO 95% MAXIMUM DENSITY 

BANK PROECTION ARMOR 
(CSA. CABION MATTRESS. OR RIPRAP) 

TYPICAL ACCESS RAMP SECTION 
N. T.S. 

BACK OF PAW BACK W PAW 

WOF 
BANK 

BOTTW OF BANK BOTTW OF BANK 

UNDERPASS RAMP-PLAN VlEW 
N. T.S. 

TOP OF MI( (WSE + 3') 

CHANNEL ACCESS RAMP-ELEVATION VlEW 
N. T.S. 

BOTTW OF BANK 

COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECllON ARMOR 
(CSA. CABION MATTRESS. OR RIPRAP) 

TYPICAL BANK PROTECTION SECTION 
N. T.S. 

UNDERPASS RAMP-ELEVATION VlEW 
N.T.S. 

GENERAL NOTES 

I LEGEND I 

1 I I I 
NO.! RMSlON I BY 1 DATE 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

ENGINEERING DIVISION 

SKUNK CREEK 
WATERCOURSE MASTER PLAN 

FCD 99-23 

TETRA TECH, INC. 
INPRASTRUC~URE SOUTHWEST GROUP 
4801 East U a s h ~ q t a  Stnet. L~te 2h0, Phomta, U 8YY( 
tbDn W-333.7 FAX (602) 244-1164 

PHASE I 
CONCEPTUAL PLAN 

TEAM ALTERNATIVE 

I TYPICAL SECTIONS I 
OWG NO. 2350TM05-1.DWG DRAWN BY: CBC 

DESIGNED BY: DEJ 

JOB NO. 2350002 1 CHECKED BY: BSB 

SHEET: 5 OF 5 



@ ~r ;~~ ,vap ta t ton .  nn*h omdtng ~d vqatot~on mould 

@ F&datr5.Ramp ( M e n  Appmxlmab) 

@ Pmvld. Chonnd Acca. Ramp Par D&ll (Loaotlon Appmdmab) 

2. ~ontmctor moll ~occlb And pmbrt NI Enhttng wnth 
k Roqulmd, Fdw To Sbrt 01 Conrtrwtlon. 

, ,  noramon 
7 .  :.-;.: - 





@ P d d r  Channel Cc#r Ramp h r  Lbtall (Lccatlon Appmxlmnte) 

2 Contmctor Shdl Locob And Pm*ct All Wrtlng Wlltlr, 
k Rqulnd, P h r  To Start W ConltruoUon. 



@ F?&vtg;;dw&mARamp (Location Appmxlmdr) 

@ Pmvlds Channd kcnu Ramp P.r W l l  (Location &pmxirnat.) 

2, bntmator Shall Locab And P m t d  All M n g  Mlltlr. 
k R q u l d ,  Prior To Start Of Con.truoUon. 

flow Dl&n 



CHANNEL ACCESS RAMP-PLAN VlEW 
N. T.S. 

COMPACT TO 95% MAXIMUM DENSITY 

TOP OF BANK (mE + 3') 

Y Y Y 

TOE KWN ELEVAllON 

CHANNEL ACCESS RAMP-ELEVATION VlEW 

BOTTCM OF BANK 

COMPACT TO 95% MAXIMUM DENSITY 

BANI( PROTECTION ARMOR 
(CSA, GABION MATTRESS. OR RIPRAP) 

0 CONSTRUCTION NOTES 0 
1. CONSTRUCT L M E  EMBANKMENT PER MAC. SPEC. 211. 

2. UNDERPASS RAWS TO BE LOCATE0 AT BRIOCE CROSSINGS. 
BOTH SIDES OF CWNEC. I 

GENERAL NOTES 

1. CONTRXTOR SHALL LOCATE AND PROTECT KC EXISTING UTIUTIES 
AS REWIRED, PRIOR TO START OF CONSTRUCTION. 

BANK PROECTION ARUOR 
(CSA, GABION MATTRESS. OR RIPRAP) 

LEGEND 

TYPICAL ACCESS RAMP SECTION 

BACK OF P*TH BACK OF PAW 

EOTTCM OF BANK - 

TYPICAL BANK PROTECTION SECTION 
N. T.S. 

UNDERPASS RAMP-ELEVATION VIEW 
N. T.S. 

UNDERPASS RAMP-PLAN VlEW 
N. IS. 

TETRA TECH, INC. 
I N P R A ~ U C F U R E  SOUTHWEST GROUP 
4801 East Uosklrqtm Street, ZulV 260, Fivmlx. 62 85534 
twn sst-xum ru (son 244-IIM 

PHASE I 
CONCEPTUAL PLAN 

STAKEHOLDERS ALTERNATIVE 
TYPICAL SECTIONS 

OWC NO. 2J50ST05-1.W 

JOB NO. 2350002 

DESIGNED BY: DW 

DRAWN BY: CBC 

CHECKED BY: BSB 

SHEET: 5 OF 5 



Rovldm Underpaw Romp (Lowtion Appmxlh)  
S N  Mall Shut  3. 

@ W m  Channel Acoa. Amp P u  Dotan (Ination 4qpppmxlmatr). 

_ - I - - -  P 

2. Contmctor Skoll 



Provide Undalpaw Ramp (Lowtbn Approxlmta) 
Sm MI S h h  3. 

@ Pmvide Ctmnnd - Ramp Par MI (Lowtbn Appmrtimata)). 



BACK OF PAMI 1  I 1  I  I 1  1  1 

TOP OF 
BANK 

.- 
N 

BOTTOU OF BUM, 

0 CONSTRUCTION NOTES 0 
1. CONSTRUCT L M E  EMBANKMENT PER MAC. SPEC. 211. 

2. UNDERPASS RAMPS TO BE LOCATED AT BRIDGE CROSSINGS. 
BOTH SOES OF CHMINEL. 

3. CWNNEL ACCESS RIUP TO BE LOCATED AT APPROX. 2000' 
INTERVW. BOTH SIDES OF CHANNEL. 

CHANNEL ACCESS RAMP-PLAN VlEW 

BOTTW OF BANK 

COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECllON ARMOR 
(CSA. CABION MATTRESS. OR RIPRAP) 

TYPICAL ACCESS RAMP SECTION 
N, T.S. 

BACX W PATH / OF PATH 

TOP OF W N K  M E  + 3') 

I 

CHANNEL ACCESS RAMP-ELEVATION VlEW 
N.T.S. 

BOTTOU OF BANK 

" COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECTION ARMOR 
(CSA. GABION MATTRESS. OR RIPRAP) 

TYPICAL BANK PROTECTION SECTION 

GENERAL NOTES I 
1. CONTWTOR SMLL LOCATE AND PROTECT ALL EXISTING UTILITIES 

AS REOUIREO. PRIOR TO START OF CONSTRUCTION. 

LEGEND 

N. T.S. 

UNDERPASS RAMP-ELEVATION VlEW 
N.T.S. 

TETRA TECH, INC. 
INPWRUC~URB S O U T H W ~  GROUP 
4801 Enst YosklqIrn S t m t ,  Sultc M, Ropnlx. N 85031 
(bmL 682-3300 F'AX fbmL 244-1164 

PHASE 1 
CONCEPTUAL PLAN 

FULL-STRUCTURAL ALTERNATIVE 

DATE 

3 
2 
I 

NO. 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

ENGINEERING DIVISION 

SKUNK CREEK 
WATERCOURSE MASTER PLAN 

FCD 99-23 

I 

I 
R M S I O N  I BY 

UNDERPASS RAMP-PLAN VlEW 
N. T.S. 

TYPICAL SECT IONS 

OWC NO. 2350FS03-SW1.OMi 

JOB NO. 2350002 

DESIGNED BI: DEJ 

O W  BY. CBC 

CHECKED BI: BSB 

SHEET: 3 OF 3 





W U r  B a r d  (kl h e  Bank Uhn- 

2. 
h C&m&c. RWIW Wl A(or hat. l o  Sort Ind U FT0l.d C a M O n .  UI WMng Mlltlr. 



BACK OF PATH -\ 2 1 1 1  1 I 

- 
N 

BOTTOM OF BANK -\ . . 

TOP OF BANK (WSE + 3') 

TOE DWN ELEVATQN 

CHANNEL ACCESS RAMP-PLAN VlEW 
N. T.S. 

CHANNEL ACCESS RAMP-ELEVATION VlEW 
N. 7.5. 

BOTTW OF BANK 

COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECTION ARMOR 
(CSA. CABION MATTRESS. OR RIPRAP) 

TYPICAL ACCESS RAMP SECTION 
N. T.S. 

BACK OF P A M  

TOP OF 
BANK 

BOTTW OF BANK BOTTW OF BANK 

PATH 

BOTTW OF BANK 

* COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECTION ARMOR 
(CSA. GABION MATTRESS, OR RIPRAP) 

TYPICAL BANK PROTECTION SECTION 
N. T.S. 

UNDERPASS RAMP-ELEVATION VlEW 
N. LS. 

UNDERPASS RAMP-PLAN -VIEW 
M. T.S. 

0 CONSTRUCTION NOTES 0 1 
1. CONSTRUCT L M E  EMBANKMENT PER MAC. SPEC. 211. 

2. UNMRPASS BOTn SIDES W P S  OF CHMINEL. TO BE L W T E O  AT BRIDGE CROSSINGS. 

3. CHANNEL AECESS RAMP TO BE LOCATED AT WPROX. 2000' 
INTERVALS. BOM SDES OF CHANNEL 

GENERAL NOTES 

1. CONTRACTOR SHALL LOCATE AND PROTECT u EXISTING untmEs 
AS REWIRED. PRIOR TO START OF CONSTRUCTION. 

I LEGEND I 

-- 

2 1 I I 
1 I 

U0.I REVlSlON I BY DATE 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

ENGINEERING DIVISION 

SKUNK CREEK 
WATERCOURSE MASTER PLAN 

FCD 99-23 

TETRA TECH, INC. 
I N I ~ A ~ ~ U C T U R B  SOUTHWB~ GROUP 
4801 East Ynshlrqtm Street. Sultr 260, hornlx. U BYM 
(6433 6P2-UM) FAX C60U 244-1164 

PHASE I 
CONCEPTUAL PLAN 

I TEAM ALTERNATIVE 
TYPICAL SECTIONS 

JOB NO. 

DESIGNED BY: 3 OF 3 



2' Contour Intervals 

____I_- 

, ,  naD,-" 

Property Uns 

SKUNK CREEK WATERCOURSE MASTER PLA 

TETRA TECH, INC. 
I w u m  S o l ~ l g l l ~ ~ ~ G R o u P  
a 1  (600 East 68P99D YohlrpSn FAY Stmt (666) 266164 LIC 260, Fimnlx, IU BXU4 



2' Contour Intervals 

2. bntmctor Shall Lorate And Pmtect All Exfating W l i t h .  
k Requid. Pdor To Start W Gand~fUon. 



Md. Un&rfan Ramp (Locatton Ipproxlmats) 
SrD.lanShrt5. 

2' Contour I n t ~ l s  @ Rwid. Cham1 ban Fnr Dotail ( M a n  Appruxlmats) 

2. Contraator Shall Loeatr And Pmhct All Exbtlnq UUlftf~, 
A. R q u i d .  RIor To Start W Con#hcUan. 

- * * - " - E * -  n o w m M n  

. .  . .  



2' Contour lnterwls 

2. Contmctor %all Locote And Pmteot All Exlatlng Wlitfas. 
Ar Rqulmd, Prior To Start Of Conrtructlon. 



I 

TW OF 
BANK N 

- 
s+ 

W T T w  a BANK 

\ \ 

0 CONSTRUCTION NOTES 0 
1. CONSTRUCT L M E  EMBANKMENT PER MAG. SPEC. 211. 

2. UNDERPASS BOM SlMS RAMPS OF CHANNEL TO BE LOCKED AT BRINE CROSSINGS. 

3. CHANNEL AMXSS RCYP TO BE LOCATED AT APPROX. 2000' 
INTERVALS. BOTH SIDES OF CHANNEL. 

CHANNEL ACCESS RAMP-PLAN VlEW 
N. T.S. 

BOTTOM OF BANK 

COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECllON ARMOR 
(CSA. GABION MATTRESS, OR RIPRAP) 

TYPICAL ACCESS RAMP SECTION 
N.T.S. 

BACK OF PAM BAC% OF PAM 

TW OF 
BANK 

BOTTOM OF BANK BOTTOM OF BANK 

TOP OF W K  (W5E + 3') 

CHANNEL ACCESS RAMP-ELEVATION VlEW 
N. T.S. 

BOTTOM OF BANK 

COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECTION ARMOR 
(CSh GABION MATTRESS. OR RIPRAP) 

TYPICAL BANK PROTECTION SECTION 
N. T.S. 

UNDERPASS RAMP -ELEVATION VlEW 
N.T.S. 

I GENERAL NOTES I 
1. CONTRACTOR SHALL LOCATE AND PROTECT ALL EXISTING UTILITIES 

AS REQUIRED. PRIOR TO START OF CONSTRUCTION. 

LEGEND 

OF MARICOPA COUNTY 
ENGINEERING DIvIston 

SKUNK CREEK 
WATERCOURSE MASTER PLAN 

FCD 99-23 

TETRA TECH, INC. 
I N P ~ ~ ~ ~ R U C T I J R E  SOUTHWEST GROUP 
4UJl East Unshmpton S t m t .  Suite m. Rlom~x, AZ 8YM 
(60n 682-Um F U  CbDn 244-1164 

PHASE I 
CONCEPTUAL PLAN 

STAKEHOLDERS ALTERNATIVE 

UNDERPASS RAMP-PLAN VIEW 
N. T.S. 

TYPICAL SECTIONS 

DWG NO. 2SMSTO5-1.0% 

JOB NO. 2 3 m 2  

DESIGNED BY: DEJ 

DRAWN BY: CBC 

CHEMO B(: BSB 

SHEET: 5 OF 5 



0 CONSTRUCTION NOTES 0 

COMPACT TO 95% MAXIMUM DENSIM 7 

BANK PROTECTION ARMOR 
(CSA. GABlON MATTRESS. OR RIPRAP) 

MINIMUM-DEPTH BANK PROTECTION SECTION (FILL) 
N. T.S. 

1 COMPACT TO 95% MAXIMUM DENSITY rn BANK PROTECTION ARMOR 
(CSA, GABlON MATTRESS. OR RIPRAP) 

MINIMUM-DEPTH BANK PROTECTION SECTION (LEVEE) 

COMPACT TO 95% MAXIMUM DENSITY 

MINIMUM-DEPTH BANK PROTECTION 

BANK PROTECTION ARMOR 
(CSA. GABION MATTRESS. OR RIPRAP) 

SKUNK CREEK 

MAXIMUM-DEPTH BANK PROTECTION SECTION (FILL) 
N. T.S. 

NO MINIMUM DEPTH 

TTOM OF BANK 

* COMPACT TO 95% MAXIMUM DENSITY 

BANK PROTECTION ARMOR 
(CSA, GABION MATTRESS. OR RIPRAP) 

MAXIMUM-DEPTH BANK PROTECTION SECTION (LEVEE) 
N. T.S. 

GENERAL NOTES 

MAXIMUM-DEPTH BANK PROTECTION 

1. CONTRACTOR SHKL LOCATE AN0 PROTECT ALL EXISTING UTILITIES 
AS REQUIRED. PRIOR TO START OF CONSTRUCTION. 

SKUNK CREEK 

SONORAN WASH 

LEGEND 0 

STA. 102+00 TO 302+00 LEFT 
STA. 109+00 TO 305+00 RIGHT 

STA. 110+00 TO 113+00 LEFT 
STA. 100+00 TO 277+00 RIGHT 
STA. 1 14+00 TO 170+00 LEFT 
STA. 171 +00 TO 173+00 LEFT 

STA. 174+50 TO 21 4+00 LEFT 
STA. 216+00 TO 260+00 LEFT 
STA. 261+00 TO 264+00 LEFT 

STA. 266+00 TO 277+00 LEFT 

TETRA TECH, INC. 
INPRASTRUCTURE SOUTHWEST GROUP 
46Ul East YnshlnpM Street, SuiV 26R -1%. M 85031 
(60 682-3113 FAX (b02) 244-1164 

I PHASE I 
CONCEPTUAL DETAILS 

3 
2 
1 

NO. 

I FULL-STRUCTURAL ALTERNATIVE I 

FLOOD CONTROL DISTRICT 
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&Aunk Creek 
tercourse Master Plan - UPDATE 

Skunk Creek Watercourse Master Plan 
A Comprehensive Approach to Floodplain Management 

Over the past several months, the Flood Control District of Maricopa County, the City 
of Phoenix, and the consultant team have been focusing on Phase I of the Skunk Creek 
Watercourse Master Plan. Phase I includes Skunk Creek from the Central Arizona 
Project (CAP) Canal to the Carefree Highway, and the Unnamed Wash from the CAP 
Canal to the 7th Street Alignment. The first public meeting was held in January 2000, 
technical engineering work (hydrology, hydraulics, and sedimentation analyses) have 
been completed, erosion hazard zones defined (see figure next page), and Phase I 
alternatives developed. Five alternatives have been prepared consisting of a full- 
structural alternative, two alternatives combining both structural and non-structural 
components, and two non-structural alternatives. One of the non-structural 
alternatives includes an environmental protection zone extending beyond the 100-year 
floodplain. The City of Phoenix staff will be presenting a recommended alternative to 
the public, Planning and Zoning Commission, Parks and Recreation Board, and City 
Council over the next several weeks. 

Skunk Creekwatercourse Master Plan Goals 

tect existing and future residents from the 100-year flood event and possible a 
damages associated with channel erosion of Skunk Creek and Unnamed Wash. 

Consider structural non-structural, and a combination of structural and non- 
structural alternatives. 

Minimize future expenditures of public funds for flood control and emergency 
management. * Conform with the City of Phoenix's North Black Canyon Corridor Plan. 

Consider multiple-use opportunities for floodplain areas. 

& Develop a watercourse management plan that generates widespread support and 
- ; Is implementable, 

Why is the Flood Control District doing this Study? 

Development in o r  near the floodplain could result in serious flooding and 
erosion risk unless bank armoring is used which is not in conformance with 
the City and general public's goals for this area. * If site-specific flood control approaches are used, substantial public expense 

ay be necessary to  address unintentional adverse impacts to  adjacent 
&pe.fY. 

+Public facilities such as the CAP and the City's planned water treatment 
plant could require substantial public investment t o  protect them from 
flooding due to  upstream impacts from site specific solutions to  flood 
control. 

Study Area Not  to  Scale 

1-1 Project Area 

I Phoenix City Limits 

State Land 
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INTRODUCTION 

During the adoption of the North Black Canyon Corridor Plan in July 1999 the Phoenix City 
Council directed staff to more closely examine alternative approaches to flood control 
management in the corridor through a cooperative study with the Maricopa County Flood 
Control District. This study, called the Skunk Creek Watercourse Master Plan Study is now 
complete in draft form for the portions of Skunk Creek and the Sonoran Wash that are 
within the City of Phoenix. The study examines severat alternative approaches to managing 
these washes for flood and environmental protection. This report provides a summary of 
these results and for each study alternative provides an analysis of impacts and 
implementation strategies. 

Because washes are considered a significant and important feature of the North Black 
Canyon Corridor (NBCC) and the north Sonoran Desert areas of Phoenix, the NBCC plan 
incorporated numerous policies related to Skunk Creek and the Ssnoran Wash (in the past 
referred to as the unnamed wash, and a tributary of Skunk Creek), including the importance 
of retaining them in their natural state. The North Black Canyon Corridor Plan also 
proposed a new high quality regional employment center with a diversified residential area 
that integrates with and preserves the natural desert environment through the use of parks, 
public open space, and desert preserve areas. 

The North Black Canyon Corridor Plan was based in part on the Sonoran Desert Preserve 
Plan adopted by the Phoenix City Council in 1998. This plan called for the establishment of 
a 20,000 acre desert preserve in the northern parts of Phoenix from Cave Creek Road to the 
western City limits. On September 7, 1999, residents of Phoenix voted to pursue the 
acquisition of land (through the passing of Proposition 101 that increased local sales taxes) 
to effectively establish the Sonoran Desert Preserve. The Sonoran Desert Preserve areas 
within the North Black Canyon Corridor (east of Interstate 17) includes a substantial portion 
of Skunk Creek as well as certain portions of the Sonoran Wash. 

As directed by City Council when they adopted the North Black Canyon Corridor Plan, the 
Skunk Creek Watercourse Master Plan Study was to examine a range of management .: 
policies and their implications on these specific washes. 

A minimum of four (4) Watercourse Master Plan alternatives would be developed based on 
the following floodplain management policies: one non-structural alternative, two partial 
structural alternatives, and one structural alternative. Based on the results of the master 
plan study, a watercourse management policy would be adopted by the City Council and a 
plan prepared which would reflect standards and/or infrastructure needed to implement the 
policy.. In  order to preserve the ability to implement such a plan, the Council adopted a ' 
policy to limit development within the floodplain, which would apply in the interim while the 
study was underway. During the interim period (originally anticipated to be from 12 to 18 
months), area property could be planned and rezoned. Several Planned Community Districts 
(PCD's) have been approved through the rezoning process in the North Black Canyon 
Corridor both before and after the Phoenix City Council's interim floodplain management 
policy went into affect (see Appendix A:Maps). 
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Interim Approach to Floodplain Management 

The interim approach to floodplain management was approved in July, 1999 with the 
objective of minimizing the alteration of the floodplain ecosystem. To achieve this, the 
NBCC plan recommended that no significant and adverse effects result with regard to 
natural resources and the natural environment of the many washes and their subsequent 
value as community open space. 

The County Flood Control District recommended an interim policy based upon a current 
state planning standard (ARS-48-3605 Standard 5-96 October 1996). This state standard is 
part of the Department of Water Resources Flood Warning and Dam Safety standards used 
for planning purposes to identify how far back from the floodway encroachment should be 
discouraged to avoid flood and erosion hazards in areas where detailed watercourse master 
plans have not been conducted. The standard is based on the flood flow rates within the 
wash. The following provides an estimate of what such setbacks would be for different flow 
rates. 

Flow Rate (ds] 

5,000 

Based on these estimates, the City of Phoenix City Council agreed to adopt a set of interim 
standards for development in the North Black Canyon Corridor: 

Interim Standards: 

1. The interim floodplain policy will be applied to washes with 100 year flood flows of '- 

5,000 cfs (cubic feet per second). 

2. No encroachment within 100 year floodplain or 70 to 150 feet from the floodway 
edge based on the state planning standard defined in the Department of Water 
Resources Flood Warning and Dam Safety Standards (ARS 48-3605 Standard 5-96 
October 1996) whichever is greater. 

I 3. -These standards to be implemented through the rezoning process. 

4. The 100 year floodplain for washes this standard applies to will remain undisturbed 
(for example no structural flood control devices, grading, or filling) except for utility 
corridors, wash transitions to the floodplain, and major arterial and collector streets 
which bridge the wash. Limited recreational amenities will be allowed in the 
floodway fringe. 
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SKUNK CREEK WATERCOURSE MASTER PLAN PROCESS 

Historically in Phoenix, floodplain management has not considered a full watershed 
approach. Nor has it considered bank erosion or the long-term lateral movement of a 
watercourse over time. Floodplain management to date has been done on a site by site 
basis. The North Black Canyon Corridor Plan proposed a new approach to floodplain 
management that would take a comprehensive and long term view of the areas wash 
systems. In the case of Skunk Creek and the Sonoran Wash, the concept of wash migration 
throughout the floodplain over time was an important consideration when looking at the 
future development of the North Black Canyon Corridor. In  support of this new approach, 
the Skunk Creek Watercourse Master Plan considered a comprehensive floodplain 
management approach based not only on hydraulic, sedimentation, and erosion analyses, 
but also on future land use development, economic, and environmental concerns. 

As a part of the study, a Watercourse Management Plan Task Force was established to work 
with the City of Phoenix and the Fbod Control District to include area property owners and 
their designees, private sector engineers and planners, as well as representatives from 
various public and private agencies. This group was asked to participate and to comment 
on the scope of work, suggest alternatives to be studied, and review and comment on study 
results. Through the Skunk Creek Watercourse Master Plan Study, evaluation of the 
different flood management options would include, but not be limited to, the evaluation of 
the costs of public flood control structures, the costs of private flood control structures, the 
value of land reclaimed or not reclaimed, the impact on washes and natural ecosystems, 
and the impact on city goals for natural wash systems and open space. Critical to the 
watercourse master plan process was the involvement of both public and private interests in 
identifying issues and concerns. This was accomplished through a series of meetings with 
members of the task force as well as the general public, property owners and stakeholders. 
The overall goals of the Skunk Creek Watercourse Master Plan study were as follows: 

To protect existing and future residents from the 100-year flood event and possible 
damages associated with channel erosion of Skunk Creek and the Sonoran Wash; -- 

Consider a variety of alternative approaches to floodplain management; 

Minimize future expenditures of public funds for flood control and emergency 
management; 

Conform with the City of Phoenix's North Black Canyon Corridor Plan and Sonoran 
Preserve Master Plan including preservation of the natural features and functions of the 
corridor's major washes; 

Consider multiple use opportunities for floodplain areas; 

Develop a watercourse management plan that generates widespread support and can 
be effectively implemented. 

Through the process of reviewing both Skunk Creek Wash and the Sonoran Wash, eight 
reach limits were identified and compared (see attached appendix A: Maps for various 
alternatives). For Skunk Creek, the four reach limit areas are as follows: Knoll Reach, Cut 
Bank Reach, Greasewood Reach, and the Braided Reach. Along the Sonoran Wash, four 
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other reach limits were established and assessed for various purposes: Hackberry Reach, 
Ironwood Reach, Main Stem Reach, and Sandy Reach. As a result of a Skunk Creek 
Watercourse Master Plan Study coordinated by the Maricopa County Flood Control District 
and the City of Phoenix, five alternative approaches are presented within this report for 
review. 

The four altemative approaches as developed by the Flood Control District are: .the full 
structural altemative, the team or professionalVdo no harm" alternative, the property 
owners or stakeholders alternative, and the non-structural or "do nothing" alternative. A 
fifth "environmental" approach/alternative was developed by City staff and takes into 
consideration various other environmental and technical concerns, such as habitat, 
vegetation, current zoning designations and allowances, proposed land use, and public 
infrastructure needs throughout the North Black Canyon Corridor. Each alternative of the 
Skunk Creek Watercourse Master Plan was assessed on the following variables: private and 
public input, cost, technical considerations, regulatoty management, environmental (to 
include wildlife habitat) with landscape and/or native vegetation considerations. 

Common to each alternative approach is the utilization of three erosion hazard zone 
boundaries: severe erosion, lateral migration erosion, and the long-term erosion hazard 
zone, (see attached appendix A: Maps for various alternatives). The severe erosion hazard 
zone encompasses the active channel, and the area next to the active channel that could 
reasonably be expected to erode during a large flood. The Lateral Migration Erosion 
Hazard Zone includes the portion of the floodplain that could reasonably be expected to 
erode during a series of floods. This lateral migration zone is the minimum area required to 
maintain the processes of natural channel movement. It is also the minimum area required 
for preservation of the natural form and function of the stream. The Long Term Erosion 
Hazard Zone includes the area within and adjacent to the floodplain that could be subject to 
erosion and lateral migration as indicated by geologic and historic evidence. It is also the 
area necessary to implement a viable nonstructural flood management alternative. 

Full Structural Alternative 

Philosophy 

Develop a single system (built all at once) of flood control structures for the entire 
length of each wash that would allow development to occur within the 100 year 
floodplain up to but exclusive of the 100 year floodway, similar to current FEMA 
guidelines. 

For the full structural alternative, the 100 year floodway boundary line is used as the non- 
encroachment area for both Skunk Creek and the Sonoran Wash. Maximum depth erosion 
protection would be required along the entire length of the 100-year floodway boundary on 
both sides of the wash. A full structural approach could require some modification of the 
areas within the 100-year floodplain limit lines and would typically require all or some of the 
wash bank to be channelized or protected through the possible use of gabion blankets, 
riprap, or CSA (cement stabilized alluvium). A full structural altemative can be viewed as a 
means of maximizing the developable land adjacent and within the floodplain (see appendix 
A:Maps). Modification of those areas lying within the 100 year floodplain limit line can 
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' d  produce noticeable downstream impacts. Within the City of Phoenix today City regulations 
do not allow development of land that is located within the 100 year floodplain with out 
some method of raising the development above the 100 year floodplain level. This is 
typically done by filling portions of the floodplain and building some form of flood control 
structures (perhaps compacted earth fill or the construction of levees) to protect these 
newly filled lands. 

Professional or Team Alternative 

Philosophy 

Do no harm downstream by limiting development in areas of ... 
the floodplain where development would likely result in adverse impact 
downstream including: increased 1OOyr floodplain levels, increased erosion 
and/or lateral migration of the wash, increased downstream loss of flood water 
storage as a result of sedimentation, and construction of additional flood control 
structures to protect public and private properties, and 

moderate threat from lateral migration. 

The professional or team alternative was developed by the Flood Control District of 
Maricopa County and is intended to demonstrate to what extent development can encroach 
into the floodplain without causing both upstream and downstream impacts. For the 
professional or team alternative, typically the lateral migration erosion hazard zone line is 
used as the non-encroachment area on private land, with a few exceptions (see appendix 
A:Maps). On State Trust lands, the professional or team alternative is the 100-year 
floodplain or lateral migration erosion hazard zone line, whichever is greater. The 
professional or team alternative also advocates the utilization of the 100-year floodplain line 
in those areas primarily where there are active tributaries. In some obscure locations, the 
professional or team approach extends to the long-term erosion hazard zone line. 

With the professional or team alternative, the area between the 100-year floodway and the 
proposed encroachment limits are proposed as a restricted build area. This means that- 
homes or other structures cannot be placed in that zone, but that the land may be used for 
purposes that do not impede or restrict floodwaters. 

Property Owner or Stakeholder Alternative 

Philosophy 

Allow development to occur within the floodplain as long as each individual project 
does not significantly increase the 100 year floodplain levels downstream, similar to 
current FEMA guidelines and review. 

Several regular and individual outreach meetings were conducted throughout the duration 
of the Skunk Creek Watercourse Master Plan process with interested property owners and 
stakeholders to receive input and to keep them informed of the team's progress. While 
most property owners and their representatives agreed that some portions of both the 
Skunk Creek and the Sonoran Wash floodplains should remain as open space, they were 
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also concerned about the impacts of the Skunk Creek Watercourse Master Plan Study on 
property values and that development density would be adversely impacted on several 
properties as a result of the study. As a result of the March 20, 2000 property owner and 
stakeholders workshop, a consensus was determined by each individual reach with regard 
to the approach to be utilized for floodplain management within that particular reach 
location (see appendix A:Maps). The most noticeable and controversial contrasts to the 
various approaches to floodplain management were shown under this altemative. These 
contrasts occurred in the Cut Bank Reach along Skunk Creek Wash between the Lone 
Mountain Road and Dove Valley Road alignments and also within the Main Stem Reach of 
the Sonoran Wash north of the alignment of Dixileta Road. I n  the property owner or 
stakeholder approach, where some development in the Cut Bank Reach and the Main Stem 
Reach is proposed to encroach within the 100-year floodway boundary, gabion blankets 
were the preferred bank protection type agreed upon in most cases rather than riprap bank 
protection structures. 

Non-Structural Alternative 

Philosophy 

Limit development in areas of ... 
the floodplain, and 

long term potential threat from lateral migration. 

A non-structural or "do nothing" approach as originally advocated in the North Black Canyon 
Corridor Plan is also being considered as an alternative approach to floodplain management 
in the North Black Canyon Corridor. As suggested by the Maricopa County Flood Control 
District and their consultants, a fully non-structural approach to development encroachment 
would require all development to remain out of the long-term erosion hazard zone boundary 
or the 100-year floodplain limit line, whichever is greater. A non-structural approach would 
constitute the most likely development alternative or option which would produce the least 
impacts downstream and on nearby properties (see appendix A:Maps), 

Environmental Alternative 

Philosophy 

Restrict development in areas of the floodplain where development would likely 
result in adverse impact downstream including: increased 100'yr floodplain levels, 
increased erosion and/or lateral migration of the wash, increased downstream 
loss of flood water storage as a result of sedimentation, and construction of 
additional flood control structures to protect public and private properties, and . €ncour&e to the greatest extent possible leaving the natural wash environment 
undisturbed. 

This alternative was not included in the original Flood Control District study. This alternative 
was developed by City staff. This "environmental" alternative takes into consideration that 
environmental resources associated with the washes as well as outside of the wash are 
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important to the overall wash ecosystem and should be preserved (see appendix A:Maps). 
Because this alternative was not defined through the Flood Control District Study, this 
section provides a more detailed description of the area of no-encroachment defined as by 
this alternative. 

In  terms of hydrology, this alternative would be identical to the non-structural alternative. 
However, development encroachment would generally follow the long term erosion hazard 
zone line or the 100 year floodplain limit line of each wash (whichever is greater) just as the 
nonstructural alternative, however, where notable natural resources (both wildlife and 
vegetation) are found outside of this area, an encroachment line has been defined that 
includes these natural resources. The following describes locations and the justification for 
boundaries outside of the wash areas but included within this alternative. 

The eastside of Skunk Creek Wash on the south side of the Carefree Highway. 

This site includes a high habitat area that lies outside of the Long Term Erosion Line 
and 100 year Floodplain Limit Line. It is adjacent to a knoll whose base comes 
directly to the edge of the wash. 

Where the wash passes through State Land, the line is at the 100-year floodplain 
limit line. 

Per agreement between the State Land Department and the City of Phoenix Parks, 
Recreation and Library Department. 

On the east side of Skunk Creek Wash south of Dove Valley Road, to the Lone 
Mountain alignment where State Land begins, the Environmental line follows the 
Professional or Team Alternative "do no harm" line. 

This would allow 'more area for development of the commercial core and future 
employment uses. The core will provide employment and reduce the number and 
length of vehicular trips in this area. This will improve air quality, which is another 
critical environmental goal. 

To the existing end point of the floodplain adjacent to the north side of the CAP. - - 

On the west side of the southern portion of Sonoran Wash, to the south of the 
Dixileta alignment. 

At this location, there is a confluence between the Sonoran Wash and another wash. 
This is also the site of lush vegetation and habitat. 

On the west side of Parkway A between the Dixileta alignment and where Parkway A 
crosses the Sonoran Wash. 

A t  this location, the area between Parkway A and the floodway of Sonoran Wash is 
not large enough for development. Allowing this area to remain natural would 
create a scenic corridor along Parkway A; 

The Environmental Zone creates a buffer area around the Sonoran Wash when it 
enters on Sonoran Preserve. 
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It should be noted that tributary washes of Sonoran Wash were not included in the 
Environmental Zone because they were either previously approved as presewed 
open space or because they would be required as a condition of any future rezoning 
approval. These connection points are located as follows: 

a) On the west side of Parkway A, just south of the Dixileta Drive alignment. 
This tributary provides a connection to Dynamite Mountain Ranch and is 
approved as a Multi-Use Trail. 

b) On the northwest side of Sonoran Wash, south of Lone Mountain Road and 
east of Parkway A, there is a tributary of Sonoran Wash. This site would 
need to be rezoned before development could occur. At that time the 
property owner would be stipulated to presewe that wash in its natural state 
and provide a connection to the Sonoran Wash. 

c) On Lone Mountain Road west of the 19" Avenue alignment there is another 
tributary in the Sonoran Foothills PCD connecting Sonoran Wash. This wash 
is stipulated in the zoning approval to remain in a natural state except for the 
grading of a trail. 

According to surveys of Skunk Creek and its Sonoran Wash, dense native vegetation and 
wildlife populations are greatest in the area delineated as the Environmental Zone. In 
Skunk Creek, portions of the main creek bed vary in elevation from wide and rocky to 
intermittently narrow, sandy and braided. Steep embankments are present along portions 
of Skunk Creek. These embankments are valuable to wildlife because they provide cover, 
nesting and burrowing structures for reptiles, small mammals and birds. The diverse 
vegetation provides protective cover and food for local wildlife. For reptiles, the presence of 
moderate to large rocks provides suitable sites for sunning during cooler petiods and cover 
from the heat during extreme temperatures. The vegetative structure provides ideal 
conditions for cover and insects as a food resource. Trees such as the Foothills Palo Verde, 
the Blue Palo Verde, the Ironwood and the Mesquite, provide vertical structure necessary to 
bird populations. 

The Sonoran Wash of Skunk Creek, is located east of Skunk Creek and north of the Central 
Arizona Project (CAP) Canal. The Sonoran Wash is one of the few remaining undisturbed 
wash areas that has not been touched by development along its entire length in urban 
Maricopa County. The main creek bed varies in width and composition from wide and sandy 
to narrow and rocky. At sites where secondary washes converge into the main channel, 
vegetation is more diverse and lush. At these confluences, infiltration rates may be greater, 
and therefore, the plants growing there receive more water than the plants along the banks 
of the wash and within the main channel. Although fewer observations were made of 
nesting and burrowing animals, the Sonoran Wash provides a critical travel corridor for 
wildlife linking the two main washes to the Sonoran Preserve Lands. As development occurs 
within the north Phoenix area, these two wash corridors will provide wildlife the potential to 
move into the larger proposed habitat area to the east. The CAP.acts as a constraint to 
connections south of the watercourse master plan study area. These limitations make the 
connections to the east preserve areas more critical to avoid wildlife isolation. 
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The Environmental Zone includes the wash systems and adjacent desert woodland and 
mesquite bosque riparian habitats (see appendix A:Maps). The delineation for this zone is 
based on hydrologic and geomorphic investigations on the site and includes the highest 
valued habitat resulting from the confluence of the two main washes, Skunk Creek and 
Sonoran Wash, as well as the confluence of secondary channels. The Environmental Zone 
areas are most important when evaluating habitat as they have increased diversity in 
structure and species. 

Data Sources for Environmental Zone: 

North Phoenix Wash Vegetation Study-Arizona State University 1998 

North Phoenix Wildlife Inventory-Arizona State University 1999 

Skunk Creek Watercourse Master Plan-Draft Biological Report: Relative Habitat Evaluation: 
Flood Control District of Maricopa County. 
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ALTERNATIVES IMPACT ANALYSIS 

Each of the alternatives represent a different philosophy towards managing the floodplain 
and natural resources of each wash. This does result in differing degrees of encroachment 
that would be permitted within each wash, and different types of flood control and erosion 
protection structures that would be required. These approaches have different impacts on 
the hydrology and natural resources of each wash, as well as on the value of land and how 
each parcel could be developed, This section looks at the flood, erosion and sedimentation 
impacts, environmental resource impacts, and impacb on development potential for each of 
the alternatives. 

Flood, Erosion and Sedimentation Impacts 
. The following provides a summary of the hydrological and hydraulic impacts of each 

- alternative based on the results of the Flood Control District's watercourse master plan 
study. Impacts for each alternative have been summarized as scores for comparative 
purposes. Note that the impacts for the Environmental alternative are identical to those of 
the non-structural alternative, thus it is not included as a separate alternative in this 
analysis. These comparative scores are based on estimating the percent increase in critical 
hydrologic and hydraulic parameters for each alternative for the 100-year storm, multiplying 
each by a weighting factor, and summing the total score for each alternative. The higher 
the score, the higher the impad, Table 1A and Chart 2A provides a summary of these 
impacts and shows in rank order how these alternatives compare. I n  general, impacts vary 
among the alternatives from the highest to the lowest as follows, Structural, Stakeholders, 
Team, and Non-Structural (Environmental and Non-Structural have the same hyrdology and 
hydraulic impacts). Table 18 provides a more detailed breakdown of these alternatives for 
Skunk Creek and Sonoran Wash. 

Table 1A - Summary of Hydrological and Hydraulic Impacts 

1 ( Measure of Impact for Each Alternative 1 

Piecemeal Implementation I 

I Cateao 

rv of I r n ~ a e  Non- 
Structural 

Team (Do 
No Harm) Structural Stake 
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Chart 2A - Summary Comparison of Hydrological and Hydraulic Impacts of Alternatives 
. - 

Relative  ank kin^ of ~otential irn~acts by 
Atternative for Unnamed Wash 

Mternaliu 
Low Range 

H i g h  Range 

--- .- - 

Relative Ranking of Potential Impacts by 
Alternative for Skunk Creek -- - " 

Struct. Stake No Harm Non-Str. 

Low Range 
High Range 

Table 18 - Comparison of Hydrological and Hydraulic Impacts 

Weight 

Indicators (PointsI0/o) 

Hydraulic Indicators: 

Ranking 

Sonoran Wash 

Percent change resulting from encroachment in  floodplain 

I I I I 

I I Skunk Creek 

Structural 

I I 

1 Ranking ] Percent change resulting from encroachment in floodplain 

Team 
(Do No Harm) Stake Holders 

Weight 

Non-Structural 

0.0 

0.0 

0.0 

0 

2.0 

0.0 

11.0 

600 

0.0 

0.0 

0.0 

0 

Ranking (1-Highest 4=Lowest) , 1 I I 

0.0 

0.0 

0.0 

55 

Low Low 

4 

High High 

0.0 

-2.0 

4.0 

437 

20.0 

146.0 

61.0 

4,983 

Non-Structural 

I I I 

Low 

5.0 

13.0 

92.0 

4512 

5.0 

0.0 

21.0 

1,303 

Scour depth 

Equ~libnum slope 

Transport capaaty 

Score 

Team 
(Do No Harm) Structural 

Indicators 

Peak Discharge 

Discharge in channel 

High Low 

10 

10 

15 

10000 

Stake Holders 

20 

15 

High 

Hydraulic Indicators: 

Low High Low Low High Low High High 
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The high range is based on the greatest parameter changes estimated for all reaches. 

The differences between the Structural and Stakeholders alternatives are not the same 
- 

within the Skunk Creek and Sonoran washes. For Skunk Creek, the impacts from the 
structural alternative are clearly greater than the impacts from the other three alternatives. 
However, for the Sonoran wash, the Structural and Stakeholders alternatives have similar 
impads, and both are have clearly greater impacts than the other two alternatives. 

The following summarizes the general impacts of each alternative. 

Structural Alternative 

Within Study Area 

J Floodplain confined, erosion prevention needed. 

J I f  policy continued upstream of Carefree Highway, high chance of flood impact 

J Has a high potential of increased sedimentation, long term loss of storage 

Down stream of Study Area 

J Floodplain increases not measurable if policy not continued upstream. 
- 4 I f  policy continued upstream of Carefree Highway , Significant flood impact 

4 Has a high potential of increased sedimentation, long term loss of storage 

Stakeholders Alternative 

Within Study Area 

4 High chance of floodplain and erosion impacts on property downstream of 
floodplain encroachment. 

I f  policy allows highest level of encroachment on other properties, significant 
flood and erosion impacts 

4 I f  policy continued upstream of Carefree Highway, significant flood impact 

4 Has a medium potential of increased sedimentation, long term loss of storage 
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Down stream of Study Area 

4 Floodplain increases not measurable if policy not continued upstream. 

4 If policy allows highest level of encroachment on other properties, significant 
flood impacts 

4 I f  policy continued upstream of Carefree Highway, Significant flood impact 

J Has a medium potential of increased sedimentation and long term loss of storage 

4 If policy allows highest level of encroachment on other properties, significant 
sedimentation and erosion impacts 

Professions/ orTeam (Do No Harm) Alternative 

Within Study Area 

4 No floodplain impacts, where floodplain confined. Minor erosion prevention 
needed. 

J I f  policy continued upstieam of Carefree Highway, low chance of flood impact 

J Low potential of increased sedimentation 

Down stream of Study Area 

J Floodplain increases not measurable. 

4 I f  policy continued upstream of Carefree Highway, no measurable flood impact 

4 Low potential of increased sedimentation 

Non-Structura/ (Do Nothing) Alternative 

Within Study Area 

J No floodplain impacts 

J I f  policy continued upstream of Carefree Highway, no chance of increased flood 
impact 

J No potential of increased sedimentation 

Down stream of Study Area 

4 No floodplain increases. 

4 I f  policy continued upstream of Carefree Highway , no flood impact 

. 4 No potential of increased sedimentation 

Environmental Impacts 

The greatest number of environmental impacts would occur in the full structural alternative. 
However, if the most extreme wash changes in the Stakeholder Alternative were 
implemented throughout Sonoran and or Skunk Creek Wash, this would represent even 
greater impacts. The alternative with the least environmental impacts would be the 
Environmental alternative. This alternative would leave the greatest portion of the wash 
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environment in a natural state, including some wash related natural resources located 
outside the floodplain and erosion areas of the wash. 

The following discusses in general, types of environmental impacts that can occur as a 
result of wash alterations: 

Loss of wash vegetation. Washes are the lifeblood of the Sonoran desert. They usually 
represent the most biologically abundant and the most dense concentration of 
vegetation within the desert. Thus encroachment within these washes, and the 
subsequent loss of vegetation has a significant impact on the desert environment. 
Vegetation loss can occur in four ways: 

1. encroachment into the wash floodplain can physically remove vegetation, 

2. an increase in water velocity during flood events caused by narrowing of the 
flood plain can cause larger plant species that normally would resist a flooding 
event to be washed away, 

3. increased sedimentation deposited downstream from the reduction of the 
floodplain can bury smaller plant materials, 

4. changes in how the local water table is replenished by floods, particularly along 
the higher banks of the wash, can result in some plants dying as water 
availability declines. 

Loss of wildlife habitat in adjacent desert areas. Though the wash represents the area 
of the most abundant vegetation, desert resources adjacent to the wash can play a 
significant role in the habitat of desert animals. These areas, such as creosote flats and 
the nearby mountains can be important nesting and feeding areas for animals that live 
or frequent wash areas, as well as predatory mammals and birds. Many plant species 
can not survive in wash areas and thus locate in drier more stable areas outside of the 
wash. However, when located near washes, plants such as ironwood and saguaros 
play an important role for some animal species.' As development encroaches into wash 
areas, these areas are often removed or disconnected from the wash, thus reducing 
some of the resources and the bio-diversity of the wash environment in its larger 
context. 

Loss of habitat corridors. Because of the relatively low bio-mass per acre of desert 
areas and the variety of landscape elements from wash to mountains, the habitat for 
many desert animals can be measured in square miles as opposed to acres. Movement 
through the desert is an important behavior, and washes frequently represent corridors 
for such movement. . Even smaller animals over several generations will utilize wash 
corridors to slowly move from one part of the desert to another. As the vegetation and 
width of wash corridors is reduced by development, utilization of these washes for 
animal migration declines. Even if only sections of the wash experience these impacts, 
this can eliminate the use of a wash as a travel corridor. 

Loss of passive recreation resource. For people, washes represent an important 
location for passive activities such as hiking and horseback riding. Sandy wash bottoms 
provide open and easy natural paths for riding and hiking. Vegetation along wash edges - 
provides a welcome break from the heat of the desert. The,green of the more dense 
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vegetation provides an aesthetically pleasing contrast to adjacent desert areas, 
Encroachment into wash areas can limit access to the washes and reduce adjacent wash 
vegetation. 

Loss of cooler temperatures and micro-climates created by natural vegetation. The 
micro-climate impacts of dense vegetation in and along wash areas can lower daytime 
and night time temperatures. Increased urban development and loss of vegetaion as a 
result of wash encroachment can eliminate these effects, and if wash alteration includes 
an increase in hard surfaces, such as rip-rap and gabions, temperatures can even 
increase within wash environments. 

Lower recharge rates of groundwater and aquifers. Standing water during flood events 
over permeable soils is a major source of ground water and aquifer recharge. As 
development encroachment occurs along washes, the surface area of the wash declines, 
thus opportunities for recharge decline. Also, this encroachment can increase the rate 
of flood flow, reducing the time horizon of a flood event, thus reducing opportunities for 
recharge, 

Lower water quality with potential of groundwater contamination and/or contamination 
of city water storage. River and stream environments play a critical role in water 
filtration. I n  the southwest, due to the types of soils, lack of vegetation, and high runoff 
rates, storm water runoff contains relatively high concentrations of salts. As areas 
urbanize, this is compounded by urban runoff flows that contain hydrocarbons (oil) and 
other contaminants. These contaminants, particularly the salts, can become 
concentrated in aquifers if not naturally removed from surface waters before or as they 
recharge. Washes can provide a natural system for filtration of this storm water. Wash 
vegetation can remove significant amounts of these contaminants, given sufficient 
exposure to these waters. Also, soil filtration during ground water recharge can remove 
some contaminants. Though normally dry desert washes are typically not as effective as 
perennial washes, many of the wash impacts described above reduce the ability of the 
wash to naturally remove contaminants. 

The following summarizes environmental impacts from each of the alternatives. 

Full structural alternative: 

This alternative presents the greatest disturbance to the natural landscape and the highest 
volume and velocity of water flow through the drainage system. In  the full structural 
alternative, the 100-year floodway is the boundary line for encroachment of development. 
This alternative would require all or some of the wash bank to be channelized or protected 
through some artificial means. 

High loss of wash vegetation due to encroachment into the floodplain, increased water 
velocity during flood events, increased sedimentation from upstream, and reduction in 
local water table infiltration. 

loss of creosote flats habitat adjacent to the wash. 

loss of significant high, medium and low wildlife habitat areas located outside the 
floodway. 
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loss of habitat corridors to and from the preserve and beyond. 

loss of passive recreation resources. 

loss of cooler micro-climate temperatures created by natural vegetation. 

lowering of water quality due to more pavement, development, and less area for the 
toxic substances to be attenuated through soil filtration 

Property Owner or Stakeholder Alternative: 

The stakeholder alternative to floodplain management leaves some portions of both Skunk 
Creek and Sonoran Wash as open space, but other portions are structured to allow for more 
development on certain parcels that are severely impacted by the floodway, Environmental 
impacts on this approach are almost identical as those listed for a structured approach. The 

- only difference would be in degree of impact. Less structures equal less environmental 
impact. I f  the examples of the most extreme wash encroachment in this alternative were 
repeated at other locations, the environmental impacts of this alternative could be higher 
than those for the structural option. 

Some loss of wash vegetation due to encroachment into the floodplain, increased water 
velocity during flood events, increased sedimentation deposition from upstream, and 
reduction in local water table infiltration. 

loss of low habitat areas with creosote flats (loss of mammals and predatory birds) 

Loss of some high and medium habitats associated with embankments and lush native 
vegetation. 

Loss of some passive recreation resources 

Some loss of cooler micro-climates temperatures created by natural vegetation. 

Some lowering of water quality due to more pavement, development and less area for 
the toxic substances to be attenuated through soil filtration 

Interruption of wildlife travel corridors which couid eliminate use of the corridor entirely. 

Professional or Team Alternative: 

The professional or team alternative is intended to demonstrate maximum encroachment 
without causing downstream impacts. Generally the team alternative follows the lateral 
migration erosion hazard zone line except on State lands where the 100-year floodplain line 
or the lateral migration erosion hazard zone line (whichever is greater) is used. 

Some loss of wash vegetation due to encroachment into the floodplain, minor loss due 
to increased water velocity during flood events and reduction in local water table 
infiltration. 

loss of low habitat areas and a few medium and high habitat areas associated with areas 
outside the flood plain. 
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4tP' Some lowering of water quality due to more pavement, development, and minor impacts 
resulting from minimization of area for toxic substances to be attenuated through soil 
filtration 

Possible interruption of wildlife travel corridors which could eliminate use of the corridor 
entirely. 

Ion-Structural Alternative: 

The non-structural "do nothing" approach would require all development to remain out of 
the long-term erosion hazard zone boundary or the 100 year floodplain limit line, whichever 
is greater. This approach would create minimal disturbance to the natural environment. . Loss of some high habitat areas located outside of the long term erosion line and/or 

floodplain. 

Loss of low wildlife habitat areas such as creosote flats. 

Environmental Alternative: 

Developed to include environmental resources. It primarily follows the Long-Term Erosion 
line or the floodplain whichever is greater, with only a few exceptions based on proposed 
land use and previous zoning approvals requiring open space. 

Loss of vegetation in the core area. 

Loss of low wildlife habitat areas such as the creosote flats. 

Impact on Development Potential 

Within the City of Phoenix today City regulations do not allow development of land that is 
located within the 100 year floodplain with out some method of raising the development 
above the 100 year floodplain level. This is typically done by filling portions of the 
floodplain, and building some form of flood control structures to protect these newly formed 
land areas. Without these "improvements" the land's value is restricted to its value based 
on non-development uses such as agriculture or open space. Essentially by building these 
flood control structures the land is "recovered" from the flood plain for uses of a higher-* 
value. But such recovery comes at the cost of the flood control structures. 

The Water Course study examines a range of alternatives, each defining different areas of 
land that can be developed and not developed. Some include land within the floodplain 
while others restrict development on land outside the floodplain. This section examines the 
development implications for each of these alternatives as provided by the Maricopa County 
Flood Control District and their consultants. For each alternative, the amount of land within 
the study area, the floodplain, cost of improvements, and value of land gained or lost by the 
alternative were also evaluated. 

Land value was established based upon comparison sales within the area over the past two 
years. Commercial land was assigned a value of $190,000 per acre, while single family 
residential land was assigned the value of $75,000 per acre. Since there have not been 
sales of land for multi-family development, staff assigned a value of $100,000 per acre for 
medium density residential designated land. 
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Costs of the improvements for each alternative, as well as linear feet of improvements, and 
the location of such improvements were provided by the Flood Control District's consultant. 
Costs were provided for various management techniques: Riprap, Gabion and CSA based 
upon the amount of excavation, borrow material and stabilization required for each reach 
for both left and right banks of the washes. 

These estimates were reviewed and averaged to provide a high and low estimate for each 
reach within both Skunk Creek and the Sonoran Wash ( see appendix B: "Cost Estimates of 
Alternative Plans") which provides these estimates by alternative. Since the "Do Nothing" 
and "Environmental" alternatives do not require any structural modifications, the estimates 
for these two alternatives denotes zeros. 

Within the review of each alternative, an analysis was conducted on a parcel by parcel 
basis, The consultants provided the linear feet and location of improvements required in 

- each reach for each alternative. Based upon the cost range previously established for each 
bank in each reach by alternative, low and high cost estimates were established on a linear 
foot basis per alternative, per reach and per bank. (These estimates are provided in 
appendix B: "Alternative Costs Per Linear Foot"). 

Information on each parcel is available as an attachment in the appendices, 

Review of Alternatives 

Within the study area of close to 7000 acres, the floodplain for Skunk Creek and the 
Sonoran Wash is approximately 795 acres (or 12 percent of the area). Parcels within and 
adjacent to the floodplain comprise approximately 3300 of the 7000 acres. The Structured 
Alternative would require 439 acres for the watercourse with 356 acres regained for 
development. Improvements would be necessary along 72,000 linear feet of bank at an 
approximate cost of $20,000,000. Land removed from the watercourse would have a 
developable value of approximately $32,000,000 with a net gain of the land minus the 
improvements in the range of $10,300,000-13,200,000. 

The Team Alternative would require 790 acres for thq'watercourse. With this alternative, 60 
acres within the floodplain would be regained for development, but 50 acres outside the 
floodplain would be lost for the watercourse. Improvement would be necessary along 
15,000 linear feet of bank at an approximate cost of $2,000,000-2,500,000. Land removed 
from the watercourse would have a developable value of approximately $4,000,000. 
However, the additional land outside the floodplain required by the alternative has a value 
estimated at $4,200,000. This is approximately 1.2 percent of the value of all the parcels in 
and adjacent to the floodplain, The net value of the recovered land is estimated to be 
within the $1,500,000 - 2,000,000 range after consideration for the cost of bank protection. 

The Stakeholders Alternative would require 689 acres for the watercourse. Improvements 
would be necessary along 32,000 linear feet of bank at an approximate cost of $8,300,000- 
10,200,000. The 106 acres of land removed from the watercourse would have a 
developable value of approximately $11,650,000 with a net gain in the range of $1,450,000- 
$3,350,000 after bank protection. 

The .Do Nothing Alternative would require 956 acres for the management system. This is an 
additional 160 acres above the current floodplain. Improvements would not be necessary 
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along any linear feet of bank. No costs would be required for bank improvements. 
Additional land would be required for the management of the watercourse way beyond that 
of the existing floodplain. This land would have a value of approximately $15,500,000. This 
approximately 4 percent of the value of all the parcels in and adjacent to the floodplain. 

The Environmental Alternative would require 1026 acres for the watercourse. This is an 
additional 231 acres above the current floodplain. Improvements would not be necessary 
along any linear feet of bank. No costs would be required for bank improvements. 
Additional land would be required for the management of the watercourse way beyond that 
of the existing floodplain. This land would have a value of approximately $19,800,000. 
This is approximately 6 percent of the value of all the parcels in and adjacent to the 
floodplain. 

Table 1C compares the development impacts of the different alternatives. 

The Structured Alternative is the most expensive alternative but provides the most land 
reclaimed for development. The Stakeholders Alternative is the second most expensive 
alternative, but similarly reclaims a significant amount of land for development. The Team 
approach is the least expensive approach in terms of bank protection. It returns a 
significant amount of land for development, and it does return a positive net value after 
bank protection. However, it also requires land outside the floodplain to be included in the 
watercourse way. This additional cost is approximately 1 percent of the value of the land 
adjacent to the floodplain. 

Neither the Do Nothing nor the Environmental Alternatives recover land for development. 
Instead, they require that additional land be taken out of production. The value of the land 
ranges from 4 to 6 percent for each of the alternatives respectively. 
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Table lc-comparison of Development Impads for Each Alternative 
Environ-mental  on-~tructural Team Stake Holders 

(Do NoHarm) ALTERNATIVES Structured 

- 

Development (,000) 

Reclaimed for Development Net - ARer Bank PrOtectlon ($ ,000) 
- 

Low $10,300 $1,500 $1,450 

6,795 

3,308 

795 

1026 

15% 

3 1 O/o 

2282 

34% 

6 9 O/o 

-231 

6,795 

3,308 

795 

956 

14O/o 

29% 

2352 

35% 

71% 

-160 

6,795 

3,308 

795 

689 

10% 

2 1 O/o 

2619 

, 38% 

Bank Protectlon 

6,795 

3,308 

79 5 

790 

12% 

24% 

2518 

37% 

Development Area Results 

Total Study Area (acres) 

Area of Parcels Adjacent To 
and I n  Floodplaln (acres) 

Area in Floodplain (acres) 

Area Undeveloped in 
Alternative (acres) 

010 of Study Area 

010 of Parcels Adlacent 
Floodplain 

Are Developed ~n Alternatrve 
(acres) 

O/O of Study Area 

0 

0 

6,795 

3,308 

795 

439 

6% 

13'/0 

2869 

42% 

of Parcels Adjacent 
Floodplaln 

0 

0 

87'10 7 6 O/O 

14,400 

18,400 

79% 

Area Recovered 
356 I 60 ' 106 

Floodplaln (acres galnedf:r( 

6,100 

9,300 

7 

Left Bank (Ilnear ft) 

Rlght Bank (Ilnear ft) 

I 

Area Undeveloped 0uts1de' 
of Floodpla~n (acres lost -) 1 

0 32,800 15,400 

37,000 

35,600 

Total (Ilnear ft) 

1 

0 72,600 

Cost of Protectlon 
$0 $0 $8,300 $2,000 

Hlgh Cost ($ ,000) 

' Low Cost ($ ,000) 
$0 $22,000 

$19,100 

Value of Land 

Reclaimed for $32,300 $4,000, $11,650, 

$0 $2,500 $10,200 
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High $13,200 $2,000 $3,350 

Additional Land Out of Production 

($looo) $4,200 $15,000 
$19,800 

010 of Total Property 1 O/O 4% 6% 

Value 

~ l l  Land (Developed $345,312 $345,312 $345,312 $345,312 $345,312 
and Undeveloped) 
(r000) 
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IMPLEMENTATION 

Each of the five alternatives could be adopted as a floodplain management strategy and 
implemented by the City. Each would require different programs and actions to implement. 
This section outlines a management strategy for each alternative and provides a very brief 
list of the types of actions required to implement this strategy. These actions are then 
discussed in more detail. 

Implementation Strategies 

Structural Alternative 

-. Philosophy 
Develop a single system (built all at once) of flood control structures for the entire 
length of each wash that would allow development to occur within the 100 year 
floodplain up to but exclusive of the 100 year floodway, similar to current FEMA 
guidelines. 

Management Approach 

Define a limit to encroachment into the flood plain and do not allow anyone to fill or 
build beyond this limit until such time as a system of flood control structures are 
built for the entire length of each wash. Develop standards for erosion protection in 
areas were lateral migration hazards exist. Manage downstream impacts. 

Results 

Some development would be allowed to occur within the flood plain. This 
development could not occur until all flood control structures were completed for 
the entire length of a wash. 

I f  this same approach was adopted for areas north of Carefree Highway, 
significant downstream impacts would result during a 100 year event. I f  this 
approach is restricted to just the corridor, then there will be little if any short 
term down stream flood impacts. Long term there is a potential for increased 
scour in some areas and increased sedimentation in others. 

About 50% of the floodplain could remain undisturbed and 50% would be 
removed by or incorporated within development. I n  some parts of the wash, 
structures within the wash would need to be constructed to try and prevent 
erosion of adjacent development. These structures could likely be designed in a 
natural state but may impact natural areas. 

Required Actions 

1) Restrict development within flood plain to limits of encroachment. This could 
be done in two ways: 
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a. Adopt a map showing boundaries of proposed encroachment limit and 
standards and under authority of state statutes (48-3609,3610,3613) 
prohibit development, and 

b. Create a flood hazard zoning district that does not allow most uses 
within the flood hazard zone and rezone area of limited encroachment 
to this zone. 

2 )  Fund a capital improvement program to build flood control structures for the 
entire length of each wash. 

3) Create and fund a program of long term maintenance. This option will likely 
result in long term sedimentation transport within certain portions of the 
wash that will have to be removed to insure sustained storage. 

4) Monitor wash lateral migration. At some time, it could be possible that 
erosion as a result of wash lateral migration could threaten built properties. 
Some type of public project to build erosion control structures may be 
required in these cases. 

5) I f  this policy is adopted for wash reaches north of Carefree Highway, 
eventually new flood control structures will be required along the lower 
portions of Skunk Creek. It is unlikely these costs could be included within 
an impact fee program. 

Team Alternative 

Philosophy 

Do no harm downstream by limiting development in areas of : 

the floodplain where development would likely result in adverse impacts 
downstream including: increased' 100 year floodplain levels, increased erosion 
and/or lateral migration of the wash, increased downstream loss of flood water-. 
storage as a result of sedimentation, and construction of additional flood control 
structures to protect public and private properties, and 

moderate threat from lateral migration. 

Approach 

Define a limit to encroachment into the flood plain and do not allow anyone to fill or 
build beyond this limit. Develop standards for erosion protection in the few areas 
where lateral migration hazards to development exist. 

Results 

Very limited development would be allowed to occur within the flood plain. This 
development would have to fill or raise lots to 1 foot above 100 year flood level. 
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If this same approach was adopted for areas north of Carefree Highway, there 
would be little downstream impacts. Long term there is a slight potential for 
increased scour in some areas that might impact development. There would be 
little impact on sedimentation. 

About 75% of the wash environment could remain undisturbed and 25% would 
be removed by or incorporated within development. 

Required Actions 

1) Restrict development within flood plain to limits of encroachment. This could 
be done in two ways: 

a. Adopt a map showing boundaries of proposed encroachment limit and 
standards and under authority of state statutes (48-3609,3610,3613) 
prohibit development, and 

b. Create a flood hazard zoning district that does not allow most uses 
within the flood hazard tone and rezone area of limited encroachment 
to this zone. 

2 )  Long term monitor wash lateral migration. There is a slight chance that long 
term erosion as a result of wash lateral migration could threaten built 
properties. 

Stakeholder 

Philosophy 

Allow development to occur within the floodplain as long as each individual projects 
do not significantly increase the lOOyr floodplain levels downstream, similar to 
current FEMA guidelines and review which allows amendments to the FEMA maps. 

Approach 

Require each project to document that their project does not significantly impact 
downstream flood flows. 

Results 

Extensive development could occur within the flood plain. This development 
would have to fill or raise lots to 1 year above 100 year flood level. 

I f  structural encroachment was chosen by most of the property owners along 
either Skunk Creek or the Sonoran Wash, cumulative downstream impacts from 
increased flood flows, erosion and sedimentation would likely occur. This would 
include impacts downstream of the corridor as well as within the corridor. If this 
approach was chosen by 50°/0 or more of the property owners north of the 
corridor, very significant downstream impacts would occur. 
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Depending to what degree encroachment into the wash is proposed, it is possible 
that 40% to 90% of the wash environment could remain undisturbed and 10% 
to 60% would be removed by or incorporated within development. However, the 
extreme alteration of the wash environment would likely substantially alter 
natural ground water discharge and flood flow processes. The result would be 
natural changes in the environment of the remaining undisturbed wash areas. 

Required Actions 

1) Continue the City's existing system of FEMA review of development within the 
floodplain. 

2) Conduct a study to determine long term down stream impads and need for 
flood control structures. 

3) Implement a capital improvement program to fund flood control structures. 
This could be funded in part through an impact fee program within the 
corridor, however, impad fees would likely have to be limited to properties 
developing inside the floodplain and the fee would have to be limited to their 
contribution for the need of such structures. Other funds would have to be 
allocated to fully fund these projects. 

4) Monitor wash lateral migration. May occur, particularly along unprotected 
sections of the washes. 

5) Long term public program to protect or buy out existing properties 
threatened by lateral wash migration. 

Nun -Structural 

Philosophy 

Limit development in areas of ... 

the floodplain, and 

long term potential threat from lateral migration. 

Approach 

, Identify a limit of development adjacent to Skunk Creek and Sonoran Wash including 
the flood plain as well as areas adjacent to the floodplain where there is a long term 

. potential of lateral wash migration. 

Results 

No development would be allowed to occur within the flood plain and in some 
areas development would not be allowed adjacent to the flood plain where 
erosion hazards exist. 
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If this same approach was adopted for areas north of Carefree Highway, there 
would be no downstream impacts. There would be no downstream impa- 
within the corridor, 

All of the wash environment within the flood plain would be undisturbed. 
Approximately 90% of the total wash environment would be left undisturbed and 
10% incorporated within development. 

Required Actions 

1) Restrict development to limits of encroachment adjacent to washes. This 
could be done in two ways: 

a. Adopt a map showing boundaries of proposed encroachment limit and 
standards and under authority of state statutes (48-3609,3610,3613) 
prohibit development, and 

b. Create a flood hazard zoning district that does not allow most uses 
within the flood hazard zone and rezone area of limited encroachment 
to this zone, 

Environmental 

Philosophy 

Restrid development in areas of the floodplain where development would likely 
result in adverse impact downstream including: increased lOOyr floodplain levels, 
increased erosion and/or lateral migration of the wash, increased downstream 
loss of flood water storage as a result of sedimentation, and construction of 
additional flood control structures to protect public and private properties, and 

Encourage to the greatest extent possible' leaving the natural wash environment 
undisturbed. 

# . 
Identify a limit of development adjacent to Skunk Creek and Sonoran Wash including 
the flood plain as well as areas adjacent to the floodplain where there is a long term 
potential of lateral wash migration. 

Results 

No development would be allowed to occur within the flood plain and in some 
areas development would not be allowed adjacent to the flood plain where 
erosion hazards exist. 

I f  this same approach was adopted for areas north of Carefree Highway, there 
would be no downstream impacts. There would be no downstream impacts 
within the corridor, 
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All of the wash environment within the flood plain would be undisturbed. 
Approximately 90% of the total wash environment would be left undisturbed 
and 10% incorporated within development. 

Required Actions 

1) Restrict development to limits of encroachment adjacent to washes. This 
could be done in two ways: 

a) Adopt a map showing boundaries of proposed encroachment limit and 
standards and under authority of state statutes (48-3609,3610,3613) 
prohibit development, and 

b) Create a flood hazard zoning district that does not allow most uses 
within the flood hazard zone and rezone area of limited encroachment 
to this zone. 

Implementation Actions 

The following is an analysis of how floodplain management in the North Black Canyon 
Corridor can be effectively handled as a matter of city policy; through the use of a flood 
hazard and erosion management zoning text amendment, environmental management zone 
development, and also through various acquisition strategies. 

F/ood Hazard and Erosion Management Zoning District 

The Flood Hazard and Erosion Management District (FH) is intended to provide a new 
zoning category that will address the permitted use of land within areas that are prone to 
flooding or erosion hazards. I n  our desert environment, the occasional flooding of normally 
dry watercourses together with the potential impact of erosion, creates conditions that may 
adversely affect the public health, safety, or general welfare if development were to occur 
within the impacted area. 

The FH district would provide a new tool for the master planning of watercourses, allowing 
limited development within impacted lands thus preserving a natural or near natural wash:- 
or stream channel. The FH district would be used to delineate an area of potential hazard as 
determined by a watercourse study approved by the Flood Control District and/or City. The 
boundary of the hazard area could be defined by any combination of floodway, floodplain, 
or erosion hazard lines wherein the encroachment of buildings, structures, fill or excavation 
materials is determined to cause detrimental safety impacts for property upstream or 
downstream of the site. An important aspect in the implementation of a selected 
management alternative is the development timing of any structural improvements. 
Improvements must be constructed simultaneously to prevent unintended upstream or 
downstream consequences or interim mitigation measures may be required on a parcel by 
parcel basis. 
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The FH district differs from the existing FEMA floodplain regulations that permits 
development to encroach within the floodplain so long as the water surface level is not 
increased more than one foot. The FEMA regulations are intended to implement a flood 
insurance program that is applied on a site by site basis. It does not address the cumulative 
effects of development within a watercourse floodplain nor a natural approach to 
watercourse planning. 

In addition to the uses allowed within the FH district, the transfer of limited residential 
density and non-residential building area to locations outside the boundary of the FH district 
will also be permitted when the property is combined with adjacent land for development 
purposes. I n  certain instances this transfer option may not be practical given the parcel size, 
location, or proportional area within the Rood and erosion hazard area. The recently 
adopted Growing Smarter Plus legislation addressed the issue of property rights and 

- required the creation of a 'takings' hearing oficer. The hearing officer would consider 
- appeals from property owners wherein claims of a takings occurs. A text amendment to 

establish a hearing officer process has been initiated by the Planning Commission and will 
be addressed by the City Council on June 21,2000. 

The applicability of a takings claim with regard to property located within the FH district will 
need to be weighed against both the issues of public safety and uses permitted within the 
district. I t  is important to recognize the integral nature of the FH district as it relates to all 
properties within or immediately adjacent to the watercourse. Fragmentation of the 
boundaries of the FH district resulting from the removal of the district from a particular site 
(due to resolution of a takings claim) could have serious impacts on adjacent properties.. 
Therefor if the FH district is adopted it is necessary to establish a policy relating to 
alternative forms of property owner compensation in lieu removal of the FH district from a 
specific property. 

The FH district as reflected in the draft text should be considered as prototype language 
that will be fine tuned or modified depending on what watercourse management alternative 
is selected. Alternative approaches to adopting the replacement FH district may also be 
considered and include: 

1. developing an overlay zoning district that. would restrict underlying zoning 
districts(s); 

2. creating zoning ordinance standards for development within the flood hazard and 
erosion area (similar to the hillside provisions); 

3. amending the Floodplain Regulations (Chapter 328) of the City Code; and 

4. adopting development policies that would be administered on a case by case basis 
(similar to an environmental management area). 

Each approach has benefit depending on the management strategy selected and the 
degree of land use regulation desired. The Flood Hazard District provides a simple, yet 
effective, approach that can easily be modified depending on City Council direction. 
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4 .  
Proposed Text Amendment 

SECTION 202: DEFINmONS 

FLOOD HAZARD AND EROSION AREA: That portion of a watercourse whkh may 
include all or part of the floodway, floodplain, or erosion hazard zones wherein the 
encroachment of buildings, structures, fill or excavation material is determined to cause 
detrimental impacts to the public health, safety, and general welfare for properties 
upstream or downstream of the subject site. 

FLOODPLAIN: Any land area susceptible to inundation by floodwaters from any source. 

100-YEAR FLOODPLAIN: The area adjoining a river, stream, or watercourse covered by 
water in the event of a 100-year flood. 

100-YEAR FLOOD: The flood having a one percent chance of being equal to or exceeded 
in magnitude in any given year. 

FLOODWAV: The channel of a river or watercourse and the adjacent areas that must be 
reserved in order to discharge the 100-year flood without cumulatively increasing the water 
surface elevation more than one foot. 

SEVERE EROSION HAZARD ZONE: The Severe Erosion Hazard Zone encompasses the 
active channel, and the area next to the active channel that could reasonably be expected 
to erode during a large flood. 

LATERAL MIGRAnON EROSION HAZARD ZONE: The Lateral Migration Erosion Hazard 
Zone includes the portion of the floodplain that could reasonably be expected to erode 
during a series of floods. This is the minimum area required to maintain the processes of 
natural channel movement. It is also the minimum area required for preservation of the 
natural form and function of the stream. 

LONG TERM EROSION HAZARD AREA: The Long Term Erosion Hazard Zone includes 
the area within and adjacent to the floodplain that could be subject to erosion and lateral 
migration as indicated by geologic and historic evidence. It is necessary to implement a 
viable nonstructural flood management alternative. 

Si 

A. Purpose and Intent 

The purpose of the Flood Hazard and Erosion Management District is to establish 
requirements and regulations pertaining to the use and development of land within 
flood hazard and erosion areas to minimize the potential for adverse impacts to the 
public health, safety, and general welfare, including but not limited to the,loss of life 
and property which may result from flooding caused by the surface runoff of rainfall. 
It is further intended that watercourses be retained and maintained in a natural 
desert state to the greatest extent possible with flood control structures limited to 
the minimum necessary and designed to reflect a natural condition. 
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B. Permitted Uses 

1. Drainage and storm water conveyance, natural or limited structural (when 
deemed necessary and designed to reflect a natural condition)' 

2. Open space, natural or unimproved (native landscape 
enhancemenfs/restoration are permitted) 

3. Open space, improved - shall be limited to passive and active recreational 
activities including hikinglriding trails, exercise par courses, picnic areas and 
similar activities within a natural desert landscape. There shall be no 
game/sports courts or grassed areas. Structures shall be limited to security 
lighting, open fencing, shade structures, tables, seating, and exercise 
equipment which shall not impede storm water conveyance. 

4. Residential use - when the area covered by this zoning district is combined 
with an adjacent zoning districtJs for the purpose of residential development 
then residential use at a density not to exceed one dwelling unit per acre 
shall be permitted. The permitted density together with all structures, 
parking, and accessory uses, except as otherwise permitted by this district 
shall be transferred to the adjoining zoning district/s. 

5. Non-residential development - when the area covered by this zoning district 
is combined with an adjacent zoning district/s for the purpose of non- 
residential development (including but not limited to commercial, office, 
industrial, public or quasi-public uses) then non-residential intensity at a floor 
area ratio (F.A.R. = gross building area to gross lot area) of 0.1 is permitted. 
The permitted F.A.R. together will all structures, parking, and accessory uses, 
except as otherwise permitted by this district shall be transferred to the 
adjoining zoning district/s. 

6. Accessory uses 

a. Utilities - which shall be limited to wash crossings only; all 
installations shall be protected against scouring 

, b. Roadwayjbridge crossings - 
C. District Requirements 

1. An application for the establishment of this district shall be made in 
accordance with Section 506.8 following the completion of a watercourse 
master plan study approved by the Flood Control District and/or City to 
determine the extent of the flood hazard and erosion area. 

2. There shall be no fill or excavation of material within this district except as 
minimally necessary to construct utility and roadway/bridge crossings, flood 
control structures, and landscape enhancements or restoration. 
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3. When the area covered by this zoning district is combined with an adjacent 
zoning district(s) for development purposes, then the flood hazard and 
eros'ion management zone area may be used to calculate setback or open 
space requirements for the developed portion of the site, 

4. When the area covered by this zoning district utilizes residential density or 
non-residential intensity transfer as provided in subsection 8.4 or 6.5, then 
the area shall be dedicated at the time of development review approval for 
public use. 

5. That except as specifically regulated herein development within the district 
shall be subject to the Floodplain regulations (Chapter 328) of the City Code. 

D. Development Review Approval 

1. Development review and approval is required in accordance with Section 507 
when the district is combined with an adjoining zoning district/s for 
development purposes. 

Environmenla/ Management Zone 

One goal of the North Black Canyon Corridor plan was preservation of the natural features 
and functions of the corridor's major washes. Phoenix's unprecedented growth over the 
last decade has led to increased development of lands with habitat resources located in 
previously undeveloped portions of the city. The Skunk Creek Wash and the Sonoran Wash 
contain significant habitat resources that to date are relatively undisturbed. The Flood 
Control District's Watercourse Master Plan reviewed four hydrological approaches to 
floodplain management. Each describes a limit of development encroachment into the 
wash. Each of these "non-development" areas contains to a varying degree some of the 
natural resources of these two washes. None contained them all. So among these 
floodplain management approaches, there still would remain natural wash resources that 
would be unprotected under a floodplain land use management approach. Thus any 
approach to try and protect these remaining resources would require a different approach. 

To this end, an environmental management zone could be created that includes the' 
remaining wash related natural resources. The intent of Environmental Management Zone 
would be to recognize natural open space resources, particularly the sensitive and critical 
habitats (wildlife and vegetation) associated with the wash systems and open space 
preserve. The Environmental Management Zone would relate to areas associated with 
both public and private lands, with the intent to protect valuable habitat resources to the 
greatest extent possible. 

This zone would specifically serve to: 

a) Conserve certain designated washes that extend from the designated Sonoran 
Preserve as areas of natural and scenic resources and provide valuable wildlife and 
pristine landscape habitats. 

b) Complement the City of Phoenix floodplain management policies that provide for 
flood control, erosion mitigation, and groundwater recharge through the 
conservation of various wash systems in undisturbed and natural states. 
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C) Assist in implementing the City of Phoenix General Plan, Sonoran Preserve Master 
Plan and also the North Black Canyon Corridor Plan which calls for the preservation 
of north Phoenix's significant natural areas along designated watercourses. 

d) Helping buffer the Sonoran Preserve from impacts of new development by allowing 
development which is compatible with preservation of critical vegetative and wildlife 
habitat and the preserve environs. 

e) Recognize the social, environmental, economic, biological, and cultural importance of 
Skunk Creek and the Sonoran Wash, as well as those areas designated as Sonoran 
Preserve. 

Such a zone could be policy or regulatory based. A policy based approach would be 
implemented on a case by case basis, either through individual land use regulatory actions 
such as rezonings or through some acquisition program. A regulatory approach would be 
implemented by creating a set of standards or requirements imposed through adoption of 
an overlay district or specific plan. 

Acquisition Strategies 

For some properties, voluntary regulatory techniques may be effective in reserve areas to 
be undeveloped. For other properties, acquisition or regulations may be the only viable 
option available to insure that an area is not lost to development. There are various 
methods of acquiring or protecting lands within the watercourse master plan alternatives 
that are available to the City. They include: 

City Acquisition of Land 

Fee Simple Purchase 

Purchase of Development Rights 

Purchase of Right-of-Way/Easements 

Leases 

Condemnation/Eminent Domain 

Donations and Gifts 

Government Regulation Protection Techniques 

Planned Community District (PCD) 

Planned Residential District (PRD) 

Special Overlay District 

Design Guidelines 

Performance Zoning 

Dedications/Exactions 

Transfer of Development Rights (TDR) 
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Potential funding sources available include; 

Bonds . 

General Purpose Taxes 

Sales 

Property 

Infrastructure Fees 

Grants 

Fund Raising Program 

Maricopa County Flood Control District 

Government Coordination 

Land Exchange 

Preferential Tax Treatment 

Voluntary Landowner ParticipationjNon-Profits 

Conservation Easement 

Land Trusts 

The following describes some of these techniques, how they can be applied and their 
limitations. 

Methods of Acquisition 

1. Fee Simple Purchase. 

The City uses funds to purchase property available for sale. The source of funds 
varies, with the general fund providing the most flexibility. Other funds generated 
by such sources as impact fees, grants, loans or bonds are restricted in the purpose _ 

and method of their disposition. With this method, the City must compete in an' 
open market for the purchase of property. 

2. Purchase of Development Rights 

The City purchases the rights to develop a specific parcel. The difference between 
the cost of vacant land and the cost of the land if developed at its highest and best 
use is calculated. This value serves as the price of the development rights. 
Conditions, covenants and restrictions (CC&Rts) are recorded against the property 
that prohibit any future development after the development rights are purchased. 
The property owner retains title to the land and continues to pay taxes, although at 
a much lower rate. The cost of the development rights is less than the full purchase 
price of the land. However, this amount may still be in excess of the City's available 
funds. 
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3. Purchase of Right-of-Way/Easements 

The City purchases the rights to access a parcel for a specific purpose. The cost of 
the easement is based on the value of the proposed use. The cost of the easement 
would be dependent upon whether it is viewed as a part or separate from the 
adjacent land. This cost is less than purchasing development rights on the entire 
parcel, and encumbers only part of the subject parcel. A trail and/or drainage 
easement could be obtained over critical areas identified in the watercourse master 
plan. A preservation easement would give the City certain use privileges while the 
underlying land remains in the prior ownership. Drawbacks are the limited 
applicability, and the lack of control over what development may take place 
immediately adjacent to the easement. 

4. Leases or Use Agreements. 

Leases vary in length from short term (1 to 5 years) to long term (5 to 99) years. 
An agreement is reached between the property owner and the City as to the specific 
use and improvements permitted on a parcel of land, and the associated lease rate 
and payment schedule. The cost of leasing land instead of fee simple purchase is 
much less when considered on an annual basis. However, when looking at the 
lifetime of the lease, the cost is quite high. No equity in the property accrues to the 
City, and there is no long-term protection of the land. 

5.  Condemnation/Eminent Domain 

The City can use its condemnation authority to acquire property from a reluctant 
seller. The property owner is required to give his property to the City in exchange 
for just compensation for the property. I f  the owner challenges the amount 

. determined by the City appraisers, the dispute goes to court for resolution. This can 
cause delays in acquiring the property, create a confrontational atmosphere between 
the property owner and the City, and potentially result in increased cost when 
attorney's fees and court costs are included in the total. 

6. Donations and Gifts 

The City can be the recipient of a number of interests in a parcel ranging from right- 
of-way easements to development rights to full transfer of title. This option depends 
on the benevolence of the property owner and is difficult to predict. 

Governmental Regulation Protection Techniques 

1. Planned Community District 

The Planned Community District (PCD) is an overlay district used for mixed-use 
developments on large tracts of land. The PC0 master plan allocates areas for 
commercial, employment, residential, government and open space use. Residential 
densities are averaged over the entire tract, which allows for significant open spaces 
to be preserved on a portion of the site in exchange for density increases elsewhere. 
Specific conditions are typically attached through the rezoning process which require 
a higher level of amenities than found outside such a district. Existing zoning 
categories are used to implement the use as designated in the PCD master plan, 



b ' *  

Skunk Creek Watercourse f., dr Plan Page 35 

May 16,2000 

'ad 
2. Planned Residential Development 

A Planned Residential Development (PRD) is a development option available in the 
majority of residential zoning districts in Phoenix. It allows for increases in density in 
exchange for dedication of a prescribed amount of open space. The minimum open 
space required is 5%. Open space areas are called out as common tracts. The 
approved density for the site limits development of the designated open space areas. 
The current ordinance provisions provide more density increases for improved open 
space than unimproved open space. It has not been common practice to require "no 
build" easements over the open space tracts, and future modifications to the 
development could impact critical open space areas. 

3. Special Overlay District 

Overlay Districts may be applied to specific geographic areas in a process similar to 
changing the zoning designation on a specific parcel. The zoning that exists at the 
time the overlay is approved stays in place. Where it does not conflict with the 
provisions of the overlay, the existing zoning regulations apply. However, where the 
overlay district is more restrictive, it controls. Overlay districts can be used to 
implement unique development standards and use restrictions. Overlay districts can 
be drafted with a very narrow focus and allow for regulations to be modified to 
enhance the unique character of the area. 

- 4. Design Guidelines 

Design guidelines are standards that influence design. They are less stringent than 
ordinance provisions due to the nature of design that needs to allow for alternative 
solutions and greater flexibility. I f  guidelines are written specifically for a certain 
area, the vehicle for adoption is a special overlay district. Otherwise, the guideline 
would have to be written so it applies on a citywide basis. The strength of design 
guidelines can also be the greatest weakness. Flexibility is the key aspect of design 
guidelines, but this makes implementation more difficult. Allowing for creative 
solutions while preventing misuse comes as the result o firm and consistent- 
interpretations by staff. Changes in staff or lack of political will to support staff- 
decisions can minimize the effectiveness of this tool. 

5. Dedications/Exactions 

Dedication of right-of-way is a standard condition for new development. An exaction 
is a mandatory contribution such as an infrastructure fee. When development takes 
place, an impact fee is assessed based upon total units being built, Money collected 
through the impact fee program is used to purchase or construct items identified in a 
capital improvement program. Income generated by infrastructure fees is totally 
dependent on the amount of development. Downturns in the economy can slow or 
stop the flow of revenues. 

6. Transfer of Development Rights (TOR) 

Owners are permitted to transfer density permitted by vested zoning to another 
parcel that has been designated as suitable to support the increased development. 
Currently this can be done through the rezoning process with two contiguous parcels 
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either under the same ownership or with two owners jointly filing a rezoning 
request. Recent changes to the state statute now allow true TDR. Changes would 
be required to the City ordinance to allow TOR in Phoenix. 

Potential Funding Sources 

1. Bond Program 

Phoenix is expected to prepare a bond measure for voter referendum in 2001. 
Given the breadth of capital projects likely to be included within the bond, it is 
unlikely that capacity will be available for the watercourse. 

2. General Purpose Taxes 

Sales taxes and property taxes 

With the recent approval of a sales tax to purchase state land for the desert 
- - preserve, some of these funds may be available to purchase state land within the 

Skunk Creek Watercourse that has been identified within the Desert Preserve Plan. 

Raising property taxes is so publicly unpopular it would not appear to be worth the 
associated political risk, if other alternative revenue sources can be identified. 

3. Fund Raising Program 

Fund raising completely eliminates taxation of Phoenix residents who are not 
supportive, thereby eliminating political concerns associated with increased taxation 
and bond programs. Although any of the funding options could probably be used as 
grant matches, raising funds as a grant match is typically an excellent way to 
encourage enhanced contributions. 

4. Impact/Infrastructure Fees 

Levied on development based on the use or potential benefit to subject properties. 
Infrastructure fees can only be used to pay for impacts directly related to new 
development. A capital improvement or land acquisition program will be needed to 
determine the overall costs of the system and potential revenue form fees must be 
calculated. Funds made available through impact fees are dependent upon the 
timing of development. 

5. Grants 

State and federal grants available for the acquisition and protection of historic, pre- 
historic, biological, botanical, and open space resources. These types of grants are 
often provided on some kind of matching basis. A portion of funding from other 
sources could be set aside for grant matching. Application of grant funds would 
depend on the presence of unique features related to funding priorities for each 
individual grant. 
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6. Maricopa County Flood Control District 

The Maricopa County Flood Control District acquires property for flood protection 
purposes. Many of acres in the study area are in floodways or floodplains and could 
possibly be acquired for flood protection purposes that would leave the land mostly 
untouched. 

Government Coordination 

1. Land Exchange 

Swapping city-owned land for land identified for open space acquisition. This 
technique could only be applied to private lands. There is no legal or City Charter 
prohibition against land exchanges per se. But each parcel's chain of title must be 
checked thoroughly to see if there are "deed restrictions" which may preclude what 
you want to do. 

Voluntary Landowner Participation/Non-Profits 

1. Conservation Easements 

A conservation easement is a partial interest in a parcel to conserve open space or 
environmental features. Donated easements rely on the generosity of a willing 
property owner. However, conservation easements could be purchased using any of 
the methods identified in the "funding" portion of this discussion. 

2. Land Trusts 

Land trusts are nonprofit conservation entities that use voluntary, cooperative 
techniques to protect open lands. These groups can be both small and formed to 
carry out a specific acquisition/conservation project (McDowell-Sonoran Land Trust) 
or large organizations operating throughout the entire country (Trust for Public Land, 
Nature Conservancy). These foundations can work in partnership with local 
government by providing . acquisition funding, technical assistance and bridge 
financing when sensitive lands are endangered and the timing of public funds is 
problematic; on occasion a trust will acquire and hold land until the local entity is= 
able to finance the purchase. Private trusts can also provide experienced resource 
management assistance. 

Faci/ities Construction Actions 

Onsite Flood Control Structures 

Some of the alternatives show development within the floodplain and in some cases 
floodway. In order for this to occur, properties currently identified as in the flood plain 
would have to be "removed" or protected from the floodplain. This would typically occur by 
either filling these lands to an elevation higher than the floodplain and then building some 
type of erosion protection to protect the edge of these newly filled lands, or build a levee 
with erosion protection that would restrict floodwaters in these locations. Under the 
Structural Alternatives, this construction would have to occur all at once along the full 
length of the wash in order to protect properties just upstream and downstream from the 
threat of flooding and erosion. 
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Costs - The following table provides both high and low estimates of the costs for these 
flood control structures. Appendix A:Maps provide details of where these facilities would be 

e 
located. 

Funding - There are several options available for funding such improvements. For the 
Stakeholders and Team alternatives, construction of the structures could be a requirement 
of development, with the requirement that each property design each structure to have no 
impact on properties immediately up stream or down stream. For the Structural alternative, 
or any other alternative, where all the structures are built at the same time, these structures 
could be financed either through a private mechanism or a public funding source. 

Under the private option, the property owners along Skunk Creek and/or Sonoran Wash 
could partner to finance the improvements. Participation in the partnership would likely be 
based on some measure of cost and benefit. Given that for some properties, the land 
recovered from the Rood plain will not be worth the cost of improvements, this funding 
option would be a hard sell, with likely some partners bearing a greater than proportional 
share of the burden. 
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Under the public options, some form of public financing would have to be used to fund such 
a project. This would most likely need to be some form of General Obligation Bond. The 
revenue stream to make bond payments could come from general property taxes, from a 
special community facilities district, or from some impact fee program. Under the later two 
funding sources, an area of benefit would be defined, and everyone in that area would 
either pay a community facilities tax or at the time of development would pay an impact 
fee. 

Offsite Flood Control Structures 

Under some of the alternatives there is a potential for increased flood levels at the southern 
end of Skunk Creek near the CAP, downstream of individual projects, and downstream of 
the Central Arizona Project. In these areas, flood control structures may have to be 
constructed to protect existing private development, the CAP and other public structures 
such as streets, the land fill and the future wastewater reclamation plant. These structures 
would likely be walls or levees designed to keep the floodplain from expanding beyond its 
current limits and to prevent erosion. No detailed analysis of exactly what structure would 
be required under each alternative and how much they would cost has been completed. 
There have been several locations identified that may require some type of structural 
protection if flood flows increase. There are likely other locations not yet identified. . Levees to protect the CAP and water shuts allowing water to pass would likely have 

to be enlarged. 

Levees to protect the City Landfill would likely have to be enlarged and new ones 
constructed. 

Levees to protect North Canyon Ranch Subdivision constructed. 

Levees to protect 1-17 North of the CAP 

Funding - Funding for these flood control structures would have to come from public 
sources, likely either City of Phoenix or Maricopa County bond funds. Private sources of 
funds to repay these bonds will more than likely not be available. It will probably prove too 
difficult to use impact fees unless there can be some method to assign a share of the cause- 
of impact, as opposed to benefit, to upstream properties. Assigning "cause" will not be as 
easy to justify as assigning "benefit". Some of the properties are located outside of the 
jurisdiction of Phoenix, and any City funding sources would not be able to assess these 
properties. 

MaLntenance AcWns 

Some alternatives would require some level of maintenance in order to minimize 
downstream impacts. This would essentially consist of two activities, wash clearance and 
sedimentation removal. 

Under some alternatives, maintaining the capacity of channels as constructed will be 
important. Often, as a result of the accumulation of debris after both major and minor flood 
events or an increase in vegetation growth between flood events, the capacity of a wash 
channel can be reduced. I n  these cases, the wash channel will need to be "cleaned". 
Floating debris and excessive vegetation would have to be periodically removed. 
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Some alternatives result in increased sedimentation in various locations of the wash. This 
sedimentation build-up overa period of time can reduce the capacity of a wash to store 
floodwaters. This can result in an increase in the height of the floodplain and can adversely 
impact adjacent properties. I n  order to maintain the storage capacity of the wash, 
periodically this sedimentation, including gravel and sand, would have to be excavated from 
the wash and disposed of in a location outside of the wash. 

Estimates of these costs are currently not available, and would vary widely from one 
alternative to another. 

funding - These maintenance activities would have to be periodically repeated, and would 
be considered operating costs. Funds for these activities would most likely not come from 
bonding, nor could impact fees be used. It may be possible that such activities be done by 
homeowners associations where such activities are wholly within a specific development: 

-. 

SUMMARY 

Until the recent past, the typical approach to floodplain management in Phoenix and the 
surrounding valley communities was usually one of partial or full development of wash with 
channel structures within wash areas. On many occasions, such control measures have 
not proven complete, and the results of even partial development of a structured approach 
to wash development has been both upstream and downstream property damage that has 
reqljired additional mitigation efforts and further construction expense. The Skunk Creek 
Watercourse Master Plan Study is an attempt to look at the alternatives and strategies 
available for floodplain management in a more comprehensive or "whole" manner. This 
approach takes into consideration all applicable health, welfare, and safety issues as well as 
environmental concerns. Because the future and protection of our native Sonoran Desert 
environment is important to the citizens of Phoenix, this master plan report takes into 
consideration these concerns as well as the long term impacts of each alternative approach 
in regard to these resources. It is important to the future of the area that all development 
in the North Black Canyon Corridor be conducted .with the goal of retaining the natural 
dynamics of the wash eco-system, while minimizing flood hazard risks to residents and 
individual property owners. I n  the course of this .watercourse master plan study, five 
alternatives to floodplain management for Skunk Creek and the Sonoran Wash have been 
proposed. Along with each of these alternative proposals, several ideas regarding 
additional city policy approaches have been prepared to directly deal with the existing wash 
system locations: the flood hazard and erosion management district text amendment, the 
environmental management zone, and various land acquisition strategies. 
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SKUNK CREEK WATERCOURSE MASTER PLAN 
STAFF RECOMMENDATION 

This report provides the staff recommendation and implementation strategies related to 
the Skunk Creek Watercourse Master Plan. The Master Plan, prepared by the Maricopa 
County Flood Control District reviewed four alternative management approaches for the 
Skunk Creek Wash and its adjoining Sonoran Wash tributary. The staff recommendation 
is based on a staff analysis of this Master Plan and the potential of each alternative to 
meet the goals and objectives outlined in the North Black Canyon Corridor Plan adopted 
in July of 1999. This analysis is documented in the report Skunk Creek Watercourse 
Master Plan - Alternatives Analysis, May 16th 2000. 

GOALS 

Two specific goals were emphasized in the development of a staff recommendation. 
Safety - The desired management alternative should be an approach that insures no 
public harm by way of flooding, channel erosion, or increased sedimentation and that 
minimizes the future expenditure of funds for flood control and emergency 
management. 
Environment - A stated goal of the North Black Canyon Corridor Plan is the 
preservation of the North Sonoran desert amenities. The desired management 
alternative should reflect the degree to which the natural features and functions of the 
wash and its environs are preserved including vegetative and wildlife habitats. This 
goal is to be balanced with other stated goals of the NBCC Plan that address growth 
and land use. 

ANALYSIS 

At the time of the adoption of the North Black Canyon Corridor Plan the City Council 
directed staff in cooperation with the Flood Control District of Maricopa County to 
examine a range of management policies and their implications on the Skunk Creek 
Wash and the Sonoran Wash tributary. In order to preserve the ability to implement such 
a plan, the Council adopted an interim policy (for up to I S  months) to limit development 
within the floodplain. The interim standard precludes development within the 100-year 
floodplain or 70 to 150 feet from the floodway edge based on the State planning standard 
(ARS 48-3605 Standard 5-96 October 1996), whichever is greater. 

The Skunk Creek Watercourse Master Plan addressed four alternative approaches to 
floodplain management. The alternatives are: 



Full Structural - Reflects development to the 100-year floodway (sirnil& to current 
FEMA guidelines) including full depth bank protection. Assumes all flood protection 
structures are built all at once for the reach of the wash in Phoenix. 
Stakeholders - Allows development to occur within 100-year floodplain based on 
individual property owner's desire (similar to current FEMA guidelines and review). 
The alternative reflects individual approaches ranging from construction to or 
channelization of the 100-year floodway (including full depth bank protection) to 
development remaining outside the 1 00-year floodplain. 
'DO No Harm' Team - Maximizes development within the flood plain with out 
causing any short term and long term downstream impact. Allows development to 
generally extend to either the lateral migration erosion hazard zone on privately 
owned land or the I00 year floodplain or lateral migration erosion hazard zone 
(whichever is greater) on public land. Some minimum or full depth bank protection is 
required. 
Non-Structural - Allows development outside the 100-year floodplain or the long 
term erosion hazard line (whichever is greater) thus requiring no structural bank 
protection for flood control or future erosion hazards. 

In order to review a full range of alternatives that would meet the goals of the North 
Black Canyon Corridor Plan, a fifth alternative was developed by staff. This fifth 
alternative reflects the protection of the washes natural resources and is not based on 
flood control. 

Environmental - Allows development outside a combination of the 100 year 
floodplain and the long term erosion hazard line (thus requiring no structural bank ' 

protection) together with identified environmental management areas extending 
beyond the limits of the watercourse. 

A review of various impacts attributed to each management alternative may be 
summarized by the following categories. The impact potential is reflected in terms of 
high, moderate, or no degree of increased impact. The impacts are as follows: 

Flood - The Structural and Stakeholder's alternatives reflect moderate degrees of 
increased flood potential. The remaining alternatives reflect no increase. 
Erosion - The Stakeholder's alternative reflects a moderate degree of increased 
erosion potential. The remaining alternatives reflect no increase. 
Sediment- The Structural alternative reflects a high degree of increased sediment 
impact whiIe the Stakeholder's alternative reflects a moderate degree of increased 
impact. The remaining alternatives reflect no increase. 
Environment Degradation - The Structural alternative reflects a high degree of 
increased environmental degradation while the Stakeholder's and 'Do No Harm' 
team alternatives reflect moderate degrees of increased degradation. The remaining 
alternatives reflect no increase. 
Private Fiscal - The Structural and Stakeholder's alternatives represent a high 
degree of positive private fiscal benefit. The 'Do No Harm' team alternative reflects 
a mix of moderate positive fiscal benefits on some properties and moderate negative 



fiscal impacts on others. The Non-Structural and Environmental alternatives reflect a 
high degree of negative private fiscal impact. 
Public Fiscal - The Structural alternative reflects a high degree of increased public 
fiscal impact while the Stakeholder's and Environmental alternatives reflect a 
moderate degree of increased impact. The Non-Structural and 'Do No Harm' team 
alternatives reflects no increased impact. 

The "Non-Structural" alternative best meets the safety goals and the "Environmental" 
alternative best meets the environmental goals. However, these alternatives come with a 
higher degree of private fiscal impact due to additional lands removed from development. 
In addition the "Environmental" altemative carries a moderate degree of increased public 
fiscal impact due to the added cost of environmental land outside the watercourses. 

In an effort to balance safety and environmental goals while avoiding excessive negative 
private and public fiscal impacts, staff is recommending a combination of the "Do No 
Harm" alternative and a modified "Environmental" altemative. 

The 'Do No Harm' team alternative does address the safety goal and to a lesser degree 
the environmental goal due to some loss of vegetation within the floodplain and loss of 
habitat outside the floodplain. This alternative carries a lower private fiscal impact than 
the Non-Structural or Environmental alternatives and for some areas creates a positive 
private fiscal impact due to land recovered from the floodplain. This alternative as does a the 'Non Structural' alternative has no increased public fiscal impact. 

The "Environmental" alternative, though it provides the maximum protection of natural 
wash resources, would restrict development of land that is not needed to meet safety 
goals. This approach would have additional negative fiscal impact on private property 
and may require the City to purchase some of these properties creating a negative public 
fiscal hardship. Adopting an approach that does not "regulate" development within these 
areas, but rather attempts to plan these areas through a policy process of zoning and land 
acquisitions could meet much of the environmental goals while minimizing negative 
fiscal impacts. 

This combination of alternatives provides the strongest opportunity for flood control 
management options that minimize flood and erosion impacts using limited structural 
protection while maximizing the preservation of desert wash vegetation and habitat. The 
combination of these alternatives is reflected in the staff recommendation that applies 
specific implementation techniques for the flood and erosion hazard and environmental 
areas. 

IMPLEMENTATION 

The Skunk Creek Watercourse Master Plan report identifies a number of possible 
implementation strategies depending on the selected management alternative. The 
strategy recommended by staff to address a combination of the Environmental/ 'Do No 
Harm' alternatives would include the development and use of a flood hazard and erosion 



management zoning district text amendment, environmental management zone 
development policies, and various acquisition strategies. 

Flood Hazard and Erosion Management Zoning District - This district would provide 
a new zoning category that would address the permitted use of land within areas prone to 
flooding or erosion hazard. As recommended by staff it would be placed on property 
lying within the boundaries of the 'Do No Harm' team alternative. Land use would be 
limited to activities that do not impede drainage or cause hydrological changes. 
Residential density or non-residential intensity transfers to adjoining property could also 
be considered in those instances where a transfer is practical. Upon adoption of the text 
amendment, an application could be initiated by the Planning Commission to place the 
district on designated lands as provided through the public hearing process. 

The Flood Hazard and Erosion Management District text amendment as addressed in the 
Master Plan document reflects draft language that will need to be modified to reflect the 
Council directed alternative. Several issues will require further review and resolution 
prior to the scheduling of public hearings. Those issues include: 

Determination of appropriate land uses that will not impede drainage or cause 
hydrological changes; 
Analysis of the transfer of development rights and its potential value; 
Determination of whether the district should be an 'overlay' or 'replacement' zoning 

e district; 
Review options for the vesting of zoning including development of legal descriptions 
for the district. 

In addition, consideration should be given to developing policies that encourage 
development in an environmentally sensitive manner. 

As a result of recent State legislation a text amendment is currently being processed by 
the City to address the issue of takings. A 'takings' hearing officer process will be 
established by which property owners could appeal takings claims. The applicability of a 
takings claim with regard to property located within the FH district will need to be 
weighed against both the issues of public safety and uses permitted within the district. It 
is the position of staff that a strong argument can be made that takings would not occur 
under the area defined within the boundaries of a new Flood Hazard and Erosion 
Management District due to the impact on public safety. 

However, while the City may assume a strong legal position on such a taking issue, in 
instances where the hearings officer makes the finding of a taking, staffs position will in 
many cases be to advise the Council to consider appropriate compensation. Though staff 
does not anticipate that there will be many valid takings claims due to administration of 
such a district for the Skunk Creek and Sonoran Washes, it does acknowledge that such 
situations may occur. 

Environmental Management - Policv Zone - This area is intended to apply to land 
identified in the staff recommendation that extends between the 'Do No Harm' 
alternative (covered by the Flood Hazard and Erosion Management District) and the outer 



limits of the Environmental alternative. This area is an important component of habitat 
conservation and open space connectivity for the North Black Canyon Corridor and , 

relates to both public and private lands. Unlike the proposed Flood Hazard and Erosion 
Management Zoning District, the Environmental Management Zone would utilize 
existing underlying or approved zoning. Specific policies (to be administered on a case 
by case basis) would be developed for Council consideration and adoption. 

As noted with the zoning text amendment several issues will require further review and 
resolution prior to scheduling the policies for public review. Those issues include: 

Determination of incentives that would effectively encourage voluntary preservation 
of the defined areas in a natural desert state; 
Review of various acquisition strategies for each affected parcel within the 
environmental management zone to determine the most appropriate measures for 
open space preservation (including options such as fee simple purchase, lease, 
dedication, conservation easements, etc.); 
Develop design guidelines that address the integration of urban development and 
desert amenities. This will include discussion of adjacent densities and buffering 
techniques. 

The implementation of the Environmental Management Policy Zone may be 
accomplished through a variety of techniques that are in part a fhnction of property 

e characteristics, owners needs and the City's available options. Staff encourages an 
ongoing partnership between the various property owners, City, and other governmental 
agencies to effectuate the goals of the North Black Canyon Corridor Plan. 

RECOMMENDATION 

It is recommended that the City Council select a combination of the 'Environmental' 
alternative and the 'Do No Harm' team alternative as the desired watercourse 
management approach by establishing 1)  a Flood Hazard and Erosion Management 
Zoning District (FH) consistent with the 'Do No Harm' team alternative, and 2) 
developing environmental management zone policies for that portion of the 
'Environmental' alternative that extends beyond the FH zoning district. 

In order to implement the 'Environmental'/'Do No harm' alternative, it is further 
recommended that the City Council provide the following direction to staff with the 
understanding that the necessary policies, text, and guidelines be brought back to the 
Council this fall for public hearing and formal action: 

1. That a text amendment to establish a Flood Hazard and Erosion Management Zoning 
District be drafted and submitted for public hearing. This shall include 
implementation techniques to establish the legal description of the district. Upon 
adoption an application to establish the FH district for the Skunk Creek and Sonoran 
Wash Master Plan area shall be initiated by the Planning Commission. 

2. That policies related to development within the Environmental Management Zone be 
drafted and submitted for public hearing. 



a 3. That design guidelines related to the integration of urban development and desert 
amenities (as referenced in the North Black Canyon Corridor Plan) be developed and 
submitted for public hearing. 

4. That implementation strategies be developed to acquire or protect individual parcels 
within the area of the selected Environmental alternative. 

5. That a boundary survey be done to provide a specific boundary for the Flood Hazard 
and Erosion Management Zoning District. 

Attachments 
Staff Recommendation Map 
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Preliminary Cost Estimates of Alternative Plans - 
LQYl HIQb 

Full Structural Alternative 
SlrunlcCI.ek 
-Braced Reach $2,072,000 $2.643.000 

-Greasewood Reach 51,646,000 $2.364.000 

-Cut Bank Reach $6.888.000 $7 015.000 

-Knoll Reach $1,262,000 $1 330,000 

Total $11.868,WO $13 372.000 

LJnmMum 
-Sandy Reach $I.III.WO $1,187,000 

-Main Stem Reach $1.054.000 $1 473.000 

-Ironwood Reach $2.787.000 $2 830.000 

-Hackbery Reach $1.506.000 $1 W.000 

Total $6.458.000 $7 174.000 

Team Alternative 
,%kmt&& 
-Braided Reach 

-Greasewood Reach 

-Cut Bank Reach 

-Knoll Reach 

Total - 
- S a m  Reach 

-Main Stem Reach 

-Ironwood Reach 

-Hackberry Reach 

Total 

Stakeholders Alternative 
SkunlcCreek 
-8ralded Reach 

-Greasewood Reach 

-cut Bank Reach 

-Knoll Reach 

-Maw Stem Reach (Nalural) 

-Mam Stem Reach (By Pass) 
-Ironwood Reach 

-Hackberry Reach 

Total (Natural Channel) 

Total (By Pass Channel) 

Do Nothing Alternative: Long Term Erosion Hazard Zone 
,%kmt&& 
-8ralded Reach $0 $0 

-Greasewood Reach SO SO 

-Cut Bank Reach $0 SO 

-Knoll Reach $0 $0 

T o l  SO SO - 
-Sandy Reach SO SO 
-Main Stem Reach $0 $0 

-Ironwood Reach SO $0 
-Hackberry Reach SO SO 

Total SO SO 

Environmental Alternative 
-Braided Reach 

-Greasewood Reach 

-Cut Bank Reach 

-Knoll Reach 

TOW - 
-Sandy Reach 

-Main Stem Reach 

-1ronmMd Reach 

-Hadberry Reach 

Rlpht Bank Lefl Bank 

LQK tua Lw Hlnb 



ALTERNATIVE COSTS PER LINEAR FOOT 

FULL STRUCTURAL 
SKUNK CREEK 
Reach 
Braided 
Greaswood 
Cut Bank 
Knoll 
UNNAMED TRlB 
Sandy 
Main Steam 
Ironwood 
Hackberry 

Leff Bank 
Linear feet Low Ccst 

5574 51,077,000 $193 
2798 $798.000 $285 
8870 $3,506,000 $395 
2441 $609,000 $249 

High Cost 
$1,079,000 $194 
$1,105,000 $395 
$3,769,000 $425 

$662,000 $271 

Right Bank 
Linear feet Low Cost 

5121 $994.000 $194 
2491 $848.000 $340 
8822 $3,246,000 $368 
2518 $653,000 $259 

High Cost 
$1,564,000 $305 
$1.279.000 $513 
$3,382,000 $383 

w . 0 0 0  $264 

TEAM ALTERNATIVE 
Reach 
Bra~ded 
Greaswood 
Cut Bank 
Knoll 
UNNAMED TRlB 
Sandy 
Main Steam 
Ironwood 
Hackberry 

STAKEHOLDER'S 
Reach 
Braided 
Greaswood 
Cut Bank 
Kndl 
UNNAMED TRlB 
Sandy 
Ma~n Steam(Natura1) 
Main Steam(By-Pass) 
Ironwood 
Hackbeny 

Left Bank 
Low 

a so 
0 So 

823 $124.000 $151 
0 So 

Low 
0 $0 
0 $0 

3567 $487.000 $137 
0 So 

Lefl Bank 
Low 

0 So 
0 $0 

2731 Wl.000 $323 
0 

Right Bank 
Low 

0 $a 
0 So 

8009 $2,720,000 $340 
874 $221.000 $253 

00 NOTHING 
Reach 
Braided 
Greaswood 
Cut Bank 
Knoll 
UNNAMED TRlB 
Sandy 
Main Sleam 
Ironwood 
Hackbemy 

Left Bank 
Low 

0 
0 
0 
0 

Right Bank 
Low H1gh 

0 
0 
0 
0 

High 

ENVIRONMENTAL 
Reach 
Braided 
Greaswood 
Cut Bank 
Knoll 
UNNAMED TRlB 
Sandy 
Main Steam 
Ironwood 
Hackbeny 

Lefl Bank 
Low 

0 
0 
0 
0 

Right Bank 
Low 

0 
0 
0 
0 

High High 



APPENDIX C 

PARCEL OWNER 
REPORTS 



Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

High Cost (,000s) 

Property APN# 204 02 001 C 

CANYON INVESTORS 

Total Parcel Area (acres) 2.4 
Parcel Value 1 Acre ($ est) $1 00,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

canyon ~nvestors R I 
U E U R 
C H C 0 
T 0 "Do T N 

Net Value Gained Lost 

U 
R 
A 

Page 2 of 58 

Land Areas (acres) L R L T 

Floodplain 2.3 

Undevelopa ble 

Developed Floodplain 0.0 

Undeveloped Floodplain 2.3 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

L 
D 
E 

No 
Harm" 

U 
R 
A 

M 
E 
N 



Net Value Gained Lost 

.-PA --- 

PropertV APN# 204 02 001 D 
MARICOPA FCD 

Total Parcel Area (acres) 8.9 
Parcel Value I Acre ($ est) $1 00,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 

Page 3 of 58 

U 
R 
A 

Land Areas (acres) L R L T 

Floodplain 

Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

Protection lmprovaments 

L 
D 
E 

No 
Harm" 

U 
R 
A 

M 
E 
N 



16-May-00 Page 4 of 58 

e Property APN# 204 02 001 E 
CANYON INVESTORS 

Total Parcel Area (acres) 68.9 

Parcel Value I Acre ($ est) $100,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S 
T 

v 
Canyon Investors 

R K M R 
I 

U E U R 
C H C 0 
T 0 "Do T N 
U 
R 
A 

L 
D 
E 

e 

No 
Harm" 

Land Areas (acres) L R L T 

Floodplain 

Undevelopa ble 

Developed Floodplain 0.0 0.0 

Undeveloped Floodplain 0.0 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

Linear Feet Left Bank ~ 1 ) r I ~ ~ ~ l  

_ _ ______- - --_ - -- _.- _ 

U 
R 
A 

M 
E 
N 



Property APN# 204 02 001 Eb 

CANYON INVESTORS 

Total Parcel Area (acres) 0.0 
Parcel Value I Acre ($ est) $100,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 
U L No U M 
R D Harm" R E 
A E A N - 

Land Areas (acres) L R L T 

Floodplain 

Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

I~rotection Improvements 

Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

High Cost (,000s) 

l ~a l ue  of Land (,000s) 
l ~a i ned  (Lost) 

16-May-00 Page 5 of 58 





Propew APN# 204 02 003A 

SCHNEIDER TRUST 

Total Parcel Area (acres) 80.4 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES - - 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

Scnnelder  run R I 
U E U R 
C H C 0 
T 0 "Do T N 
U L No U M 
R D Harm" R E 
A E A N 

Land Areas (acres) L R L T - 
Floodplain 

Undevelopa ble 

Developed Floodplain 

~~yJ,pJrZ$qpl 
0.0 0.0 0.0 

Undeveloped Floodplain 0.0 0.0 0.0 0.0 0.4 

Undeveloped Other I ~ ~ l ~ 1 ~ 0 . 4 1 ) ~  
Net Gain or (Loss) ~ 1 ~ 1 ~ p q T q  
Protecbion Improvements 

Linear Feet Left Bank ~ l ~ l ~ l I ( l ~ ]  
Linear Feet Right Bank ~ ~ ) I l ~ ~ ]  

Low Cost (,OOOs) ~ 1 ~ 1 ~ 1 ~ 1  r T 5 1  
High Cost (,000s) ~ 1 ~ 1 ~ ~ 1 ~  

~('(100s)~$OpJ~~~(330) 
- -- --- - -- - -- pp 
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Property APN# 204 02 004 

BAHA 

Total Parcel Area (acres) 121.8 
Parcel Value I Acre ($ est) $1 00,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 
U L No U M 
R D Harm" R . E 
A E A N 

Land Areas (acres) L R L T 
- 
Floodplain 

Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

Linear Feet Left Bank 

Linear Feet Right Bank 

I i I 

Low Cost (,OOOS)~ 

( High Cost 1,000s) 

Net Value Gained (Lost 

Page 8 of 58 



-of m(,000s)/1TmFl 
Gained (Lost) 

Property APN# 204 I 1  002D 
BAZIOTES 

Total Parcel Area (acres) 30.3 
Parcel Value I Acre ($ est) $190,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S 
T 

v 
R K M 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 
U L No U M 
R D Harm" R E 
A E A N 

Land Areas (acres) 1 L R L T 
.t 

Floodplain 13.0 13.0 13.0 

Undevelopa ble 8.4 12.4 13.2 15.6 

Developed Floodplain 4.6 0.0 0.0 

r, I3-OB 
0.0 

Undeveloped Floodplain 8.4 0.0 12.4 0.9 13.2 

Net Value Gained (Lost 
I L O  (,OOOI) ~ $ 3 2 2 l ~ ~ I ~ ~ ]  

High (,000s) ~ $ 2 9 4 ~ ( $ 2 0 0 ) ~ 1 ~ [  

Undeveloped Other A 

Net Gain or (Loss) 

Page 9 of 58 

~ 1 ~ ) 0 . 9 1 ) ~ 1  
' ~ 1 ~ 1 p q ~ ~ I  

Protection Improvements 

Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

High Cost (,000s) 

-423 7 1  
~ ~ 1 ~ 1 ~ ~ 1  
p q 5 5 5 . 3 ( ( 2 9 7 . 2 ( ) 1 ~ ~ 1  
~1~1~~0.01)~ 
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Property APN# 204 I I OOZE 
BAZIOTES 

Total Parcel Area (acres) 29.0 
Parcel Value I Acre ($ est) $190,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 
U 
R 
A 

Land Areas (acres) L R L T 

Floodplain 
- 
Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

L 
D 
E 

No 
Harm" 

U 
R 
A 

M 
E 
N 



Page 11 of 58 

Property APN# 204 11 002F 

PROBST 

Total Parcel Area (acres) 19.9 
Parcel Value I Acre ($ est) $190,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S 
T 

v 
R K M R 

I 
U E U R 
C H C 0 
T 0 "Do T N 

Land Areas (acres) 

Floodplain 

U ndevelopa ble ' . 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

Pmtection Impmvemenb 

U 
R 
A 
L 

L 
D 
E 
R 

No 
Harm" 

U 
R 
A 
L 

M 
E 
N 
T 



Property APN# 204 11 002G 

Total Parcel Area (actes) 39.8 
Parcel Value I Acre ($ est) $1 90,000 

ALTERNATIVES 

N 
T 0 E 
E N N 

A .  A S v 
M T 

R 
I 

U R 

C 0 
"Do T N 
No U M 

Harm" R E 
A N 

Land Areas (acres) L T 

Floodplain 

U ndevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

11 ~~~~~~~~~~ 
Gained (Lost) 
- _ _ _________ - - -- - -_ 
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Property APN# 204 I 1  002J 
LONE MTN RD INVEST 

Total Parcel Area (acres) 20.1 
Parcel Value / Acre ($ est) $1 90,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S 
T 

v 
Lone MounDIn R4 R K M R 

I 
U E U R 
C H C 0 
T 0 "Do T N 

Land Areas (acres) 

U 
R 
A 
L 

L 
D 
E 
R 

10.9 

13.5 

0.0 

11.9 

- 

No 
Harm" 

Undeveloped Other 

Net Gain or (Loss) 

Floodplain 

Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

~ p q 7 q T q ~ 1  
~ 1 ~ ~ ~ 1 ~  

EppEi 12.2 

U 
R 
A 
L 

M 
E 
N 
T 

Protection Impmvements 

Linear Feet Left Bank 

Linear Feet Right Bank 

Low cost (,OOOs) 

High Cost (,000s) 

~ ~ ~ 1 ~ ~ 1  
~ l ~ ~ 1 ~ \ ~ l  ~~~~~~~~ 
~ ~ 1 ~ ~ ~ 1  

($469) ($420) ($490) oo)Onj/1 
_- _ _ _  - __ __- -- -_ -_ _ - _- -- 
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Property APN# 204 1 I 002K 

LONE MTN RD INVEST 

Total Parcel Area (acres) 10.4 
Parcel Value I Acre ($ est) $190,000 

ALTERNATIVES 

N 
S T 0 E 

S . T E N N 

T A A S v 
Lone Y ountsln Rd R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 

Land Areas (acres) I 

U 
R 
A 
L 

0 . 5 p 2 7 7 7 F l  
0.0 0.0 0.2 0.5 

L 
D 
E 
R 

Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

1 0.0 

0.5 

0.0 

No 
Harm" 

Undeveloped Other ~ 1 ~ 1 ~ ~ 1 ~  
Net Gain or (Loss) 

U 
R 
A 
L 

10.5110.5110.311-0.6111 

M 
E 
N 
T. 

Protection Improvements 



Property APN# 204 I 1  002L 
LONE MTN RD INVEST 

Total Parcel Area (acres) 10.1 
Parcel Value 1 Acre ($ est) $1 90,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
. C H C 0 
T 0 "Do T N 
U L No U M 
R D Harm" R E 
A E A N 

Land Areas (acres) L R L T 

Floodplain 

Undevelopa ble 

Developed Floodplain 0.0 0.0 

Undeveloped Floodplain 5.5 1.2 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

16-May-00 Page 15 of 58 



]Protection Improvements 

Property APN# 204 12 001 

SONORAN FOOTHILLS 

Total Parcel Area (acres) 160.3 
Parcel Value I Acre ($ est) $1 90,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 

Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

Land Areas (acres) 

I I 

I High Cost (,000s)1 
- -1 ~ ~ ( , a ~ ~ l ~ l  
Gained (Lost) 
---- -- _ - _ _ _ _  _- ----____-- 

U 
R 
A 
L 

Nex value ualnea L U ~ L  

-- - -- --- - - - - - -- - 

Floodplain 

Undevelopa ble 

Developed Floodplain 
- 
Undeveloped Floodplain 

Undeveloped Other 

Net Gain, or (Loss) 

16-May-00 Page 16 of 58 

L 
D 
E 
R 

0.0 

0.7 

No 
Harm" 

U 
R 
A 
L 

M 
E 
N 
T 





yamjjaqpqmmpqp~l 
Gained (Lost) 

________ _ - -  - - 

Property APN# 204 13 001 G 
EVANS 

Total Parcel Area (acres) 9.1 
Parcel Value / Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 

16-May-00 Page 18 of 58 

Land Areas (acres) 

U 
R 
A 
L 

L 
D 
E 
R 

Floodplain 

Undevelopable 

Developed Floodplain 

~ 

Undeveloped Floodplain 

8.0 

2.8 

0.0 

0.0 

5.2 

2.8 

No 
Harm" 

Undeveloped Other 

Net Gain or (Loss) 

!:! 
2.8 

~ 1 2 8 1 ~ 1 ~ 1 ~ 1  
~ ~ ~ 1 ~ 1 ~ 1  

ppl 0.8 7.3 

U 
R 
A 
L 

M 
E 
N 
T 

Protection Improvements 

Linear Feet Left Bank 

I Linear Feet Right Bank 

Low Cost (,OOOs) 

High Cost (,OOOs) 

( ~ ~ ~ ~ 1  
~ 1 ~ 1 1 ) I ~ ~ l  
p 5 q - T E q ~ 1 1 7 . 4 1 ) ~ l  
) I s f . l l l ~ ~ ~ ~ ~ l  



Protection l mprovements 

Property APN# 204 13 001 H 

NOVAK 

Total Parcel Area (acres) 8.7 

Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES - 
N 

S T 0 E 
S T E N N 

T A A S v 
R K M 

T 
R 

I 
U E U R 
C H C 0 
T 0 "Do T N 

Net Value Gained Lost 

-- -pp 

U 
R 
A 

Page 19 of 58 

L R L T 

Floodplain 

U ndevelopa ble 

Developed Floodplain 0.8 0.0 

Undeveloped Floodplain 1.4 

Undeveloped Other 

Net Gain or (Loss) 

L 
D 
E 

No 
Harm" 

U 
R 
A 

M 
E 
N 
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Property APN# 204 13 001 J 

NOVAK 

Total Parcel Area (acres) 10.1 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A s v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 

Land Areas (acres) 

U 
R 
A 
L 

Floodplain 

U ndevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

L 
D 
E 
R 

2.6 

Protection Improvements 

11 ~~l~1/($72)~1 
Gained (Lost) 

-- - - --- - - -- _ _ _ _ _ -  -_--__A - -  _ 

No 
Harm" 

U 
R 
A 
L 

M 
E 
N 
T 



l~rotection Improvements I 

Property APN# 204 13 001 N 
LONE MTN PARTNERS 

Total Parcel Area (acres) 10.9 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A' A S 
T 

v 
R K M R 

I 
U E U R 

. C H C 0 
T 0 "Do T .  N 

Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

High Cost (,000s) 

Land Areas (acres) 

l ~a l ue  of Land (,000s) 
l ~a i ned  (Lost) 

U 
R 
A 

Net Value Gained Lost 

- 

I 
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L 

L 
D 
E 
R 

No 
Harm" 

Floodplain 

Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

L 

U 
R 
A 

0.0 

0.0 

1 

T 

M 
E 
N 



Propem APN# 204 13 001 T 

Total Parcel Area (acres) 70.4 
Parcel Value 1 Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 
T E N N 

A A S v 
K M T 

R 
I 

E U R 
H C 0 
0 "Do T N 

U L No U M 
R D R E Harm" 
A E A N 

Land Areas (acres) 1 L R L T -- 
Floodplain 

U ndeve lopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

Linear Feet Left Bank ) ~ ) ~ l ~ ~ l  
Linear Feet Right Bank ~ 1 , 8 2 1 ~ ~ 1 ~ ~ 1  

LOW cost (,OOOS) ~ 3 9 3 . 3 1 ( 3 4 8 . 3 1 ~ ~ ~ 1  
High Cost (,000s) 

7 

Page 22 of 58 



Net Value Gained (Lost) 
Low (,000s)1 

Property APN# 204 13 001 U 

NOVAK 

Total Parcel Area (acres) 29.7 

Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 

High (,000s) 

U 
R 
A 

Page 23 of 58 

Land Areas (acres) L R L T 

Floodplain 21.7 

U ndevelopa ble 

Developed Floodplain 0.0 

Undeveloped Floodplain 11.9 14.7 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

L 
D 
E 

No 
Harm" 

U 
R 
A 

M 
E 
N 
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Property APN# 204 13 002A 

PLATEAU 

Total Parcel Area (acres) 11 9.2 

Parcel Value I Acre ($ est) $1 00,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S 
T 

v 
R K M R 

I 
U E U R 
C H C 0 
T 0 "Do T N 
U 
R 
A 

Land Areas (acres) 1 L R L T 

Floodplain 

U ndevelopa ble 

Developed Floodplain 

piqppzj 
Undeveloped Floodplain 27.1 26.8 16.7 49.1 

Undeveloped Other ~ 1 ~ [ ~ ~ 1 2 7 . 6 1  
Net Gain or (Loss) ~ p q 7 q ~ ~ l  
Protection Improvements 

L 
D 
E 

No 
Harm" 

U 
R 
A 

M 
E 
N 



Protection lmprovemenb 

. Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

High Cost (,000s) 

_ _ _ _ _  _ 

Property APN# 204 13 0028 

ROTH INVESTMENT 

Total Parcel Area (acres) 40.3 
Parcel Value I Acre ($ est) $1 90,000 

ALTERNATIVES 

N 
S T 0 E 
T E N N 

A A S v 
K M T 

R 
I 

E U R 
H C 0 
0 "Do T N 
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U 
R 
A 

Land Areas (acres) L R L T 

Floodplain 

U ndevelopa ble 

Developed Floodplain 0.0 0.0 

Undeveloped Floodplain 0.0 

Undeveloped Other 

Net Gain or (Loss) 

L 
D 
E 

No 
Harm" 

U 
R 
A 

M 
E 
N 



Protection Improvements 

Linear Feet Left Bank 

Linear Feet Right Bank 

I i 
I 

High Cost (,000s)1 
I ' - 

I 

balue of Land (,000s) 
l~ained (Lost) I 

____ - 
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Property APN# 204 13 0038 
NOVAK 

Total Parcel Area (acres) 39.3 
Parcel Value I Acre ($ est) $100,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 
U L No U M 
R D R E Harm" 
A E A N 

Land Areas (acres) L R L T 

Floodplain 

U ndevelopa ble 

Developed Floodplain 0.0 

Undeveloped Floodplain 15.6 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 
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Property APN# 204 13 004D 
LANDMARK AMERlC 

Total Parcel Area (acres) 5.2 
Parcel Value 1 Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S 
T 

v 
R K M 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 

Land Areas (acres) 

U 
R 
A 
L 

L 
D 
E 
R 

Floodplain 

Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

0.1 

0.0 

0.0 -ppflT 0.0 0.0 0.0 

0.0 0.0 

0.0 0.0 0.0 

No 
Harm" 

0.1 

0.1 

0.0 

0.1 

Undeveloped Other 

Net Gain or (Loss) 
[ ~ 0 . 0 1 ) 1 1 ~ ~ 1  
[ - T q - T q ~ ~ l ~ 1  

U 
R 
A 
L 

M 
E 
N 
T 

Protection Improvements 

Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

High Cost (,OOOs) 

~ l I ) l ~ ~ l ~ ]  
~~~~~1 
~~~1~~~~ 
I ~ ~ ~ l d l o l ~ ]  

]of ~ ( , O O O o ) ~ ~ ~ ~ / ~ ~  
Gained (Lost) 
-- _ - - _ _ - __- - _ _- - ---- - -- 



Net Value Gained Lost 

Property APN# 204 23 005D 

US BUREAU 

Total Parcel Area (acres) 7.9 

Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 
U L No U M 
R D Harm" R E 

Page 30 of 58 16-May-00 

Land Areas (acres) 

Floodplain 

Undevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (LOSS) 
; 

A E A N 
L R L T 

0.0 

Protection Improvements 



Propem/ APN# 204 23 005E 

AUSTRALIAN NATIVE 

Total Parcel Area (acres) 14.9 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 
T E N N 

A A S v 
K M T 

R 
I 

E U R 
H C 0 
0 "Do T N 
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Land Areas (acres) 

Net Value Gained (Lost 
Low (,oooh) pmqpqml  p q p i j - 1  

-- 
High (,000s) 

Floodplain 

U ndevelopa ble 

Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

Protection Improvements 

Linear Feet Left Bank 

- 

11 Gained _ _  (Lost) ylr$O)1($21)1/(853)Fl _p--__- - _ -  - 

U 
R 
A 
L 

[ $ 8 0 0 1 ~ $ O ) ~ l ~ l  
-- ---- - A - - 

L 
D 
E 
R 

No 
Harm" 

U 
R 
A 
L 

M 
E 
N 
T 
P 



b&ection Improvements 

Property APN# 204 23 005F 

US BUREAU 

Total Parcel Area (acms) 4.1 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 

Linear Feet Left Bank ~ ~ I ( l ~ 1 ~ 1  
Linear Feet Right Bank ~ ~ ) ) l ~ l ~ l  

Low Cost (,OOOs) ~ ~ 0 . 0 ) ~ ~ ~ 0 . 0 ) 1 ~  
High Cost (,OOOs) I ~ ~ l ~ l ~ ~ l  

U 
R 
A 

Net Value Gained Lost 

- -- - -- 
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Land Areas (acres) L - R  L T 
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N 



I~mtection Improvements 

Property APN# 204 23 005G 

US BUREAU 

Total Parcel Area (aces) 1.5 
Parcel Value 1 Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 
T A A S v 
R K M T 

R 
I 

U E U R 
C H C 0 
T 0 "Do T N 
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U 
R 
A 
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Land Areas (acres) L R L T 
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Developed Floodplain 0.0 
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Undeveloped Other 
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E 

No 
Harm" 
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E 
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Net Value Gained Lost 

- -- - -- -- 

Property APN# 204 23 009N 
US BUREAU 

Total Parcel Area (acms) 7.9 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N. 
S T 0 E 

S T E N N 

T A A S 
T 

v 
R K M R 

I 
U E U R 

. C H C 0 
T 0 "Do T N 
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High Cost (,OOOs) 

1 7 1  71 71 vl 
~ ~ ~ 1 ) I I ~ l  
~l~~~~~~ 
~ l ~ l ~ ~ ] ~ l  - 





l~rotection Improvements 

Property APN# 204 23 01 1 

Total Parcel Area (acres) 77.6 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 
T E N N 

A A S 
T 

v 
K M R 
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E U R 
H , C 0 
0 "Do T N 
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I I 
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Land Areas (acres) L R L T 
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Developed Floodplain 

Undeveloped Floodplain 

Undeveloped Other 

Net Gain or (Loss) 

L 
D 
E 
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Property APN# 204 24 002C 

JOHNSON 

Total Parcel Area (acres) 15.6 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 
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U E U R 
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Developed Floodplain 
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Net Gain or (Loss) 

Protection Improvements 
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E 
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Linear Feet Lef€ Bank ~ I ~ ~ I ~ I ~ l  
Linear Feet Right Bank ~ ~ ) ~ l ~ ~  

.- - 

Property APN# 204 24 002G 

Total Parcel Area (acres) 9.4 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
T 0 E 
E N N 
A S v 
M T 

R 
I 

U R 

C 0 
"Do T N 
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A 

Land Areas (acres) L R L T 

Floodplain 1.6 
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Developed Floodplain 0.3 0.0 0.0 

Undeveloped Floodplain 0.0 1.9 
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Net Gain or (Loss) 

Protection Improvements 
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No 
Harm" 

U 
R 
A 

M 
E 
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PropertV APN# 204 24 002H 

LLANES 

Total Parcel Area (acres) 4.6 
Parcel Value 1 Acre ($ est) $75,000 

ALTERNATIVES 

N 
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Propem APN# 204 24 002K 

DYNAMITE 45 PROP 

Total Parcel Area (acres) 9.4 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 
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Developed Floodplain 0.0 0.0 
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Net Value Gained Lost 

- 
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Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

Propem APN# 204 24 005M 

US BUREAU 

Total Parcel Area (acres) 38.3 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T ,A A S 
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R K M R 
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Net Gain or (Loss) 
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Net Value Gained Lost 

0 -- 
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Value of Land (,000s) 
Gained (LOSO 

Property APN# 204 24 005N 
US BUREAU 

Total Parcel Area (acres) 3.0 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 
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Property APN# 204 24 005P 

Total Parcel Area (acres) 16.7 

Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 
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Property APN# 204 24 006B 

US BUREAU 

Total Parcel Area (acres) 9.6 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 

S T E N N 

T A A S v 
R K M T 
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I 

U E U R 
C H C 0 
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Low Cost (,OOOs) 

High Cost (,000s) 

16-May-00 Page 51 of 58 



Page 52 of 58 

Property APN# 204 24 006D 

US BUREAU 

Total Parcel Area (acres) 13.7 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
S T 0 E 
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Linear Feet Left Bank 

Linear Feet Right Bank 

Property APN# 204 24 006E 

L - M A W P  

Total Parcel Area (acres) 48.6 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 
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Linear Feet Left Bank 

Linear Feet Right Bank 

Property APN# 204 24 006F 

US BUREAU 

Total Parcel Area (acres) 10.4 
Parcel Value / Acre ($ est) $75,000 

ALTERNATIVES 

N 
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S T E N N 
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Linear Feet Left Bank 

Linear Feet Right Bank 

Low Cost (,OOOs) 

High Cost ($00~) 
1 

Property APN# 21 1 25 001 

SONORAN FOOTHILLS 

Total Parcel Area (acres) 322.8 
Parcel Value 1 Acre ($ est) $75,000 

ALTERNATIVES 

N 
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1 Linear Feet Left ~ a n k l  

Property APN# SL8 

ASLD 

Total Parcel Area (acres) 346.5 
Parcel Value I Acre ($ est) $75,000 

ALTERNATIVES 

N 
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APPENDIX G 



I PRELIMINARY HYDRAULIC 

I ANALYSIS OF UN-NAMED WASH IN 
BISCUIT FLATS 

I PHOENIX, ARIZONA 

I 
March 17, 2000 

Coe & Van Loo Consultants, Ine. 
4550 North 12th Street 

Phoenix, Arizona 85014 

CVL #97-0085-03-02 



The HEC-RAS initial run was received from ASL Consultants. CVL has evaluated alternative 

I channel configurations. The purpose was to determine how much of the property could be 

used for development in lieu of the proposed idea to have unnamed wash remain in its natural 

I condition with no construction in the area between flooding and the floodplain. 

I The first alternative is to use a concrete channel was done as a comparison to the other 

alternative which are the use of a natural excavated channel (for increased capacity) and a 

gabion lined channel. 

1 Each alternative was evaluated in two (2) separate locations. The locations were selected to 

1 
determine the best areas for development plus to ascertain the best areas for 404 mitigation. 



North Black Canyon Corridor 



BISCUIT FLAT 
HYDROLOGY REPORT 
EXISTING CONDITIONS 

SCALE: 1" - 300' NORTH 

DATE: 3/03/00 
CVL JOB# 97-0085-03 
PREPARED FOR: ENGLE HOMES 



BISCUIT FLAT 
HYDROLOGY REPORT 

OPTION NO. 1 
'EST SIDE GABION CHANNEL 

SCALE: 1" - 300' NORTH 

DATE: 3/03/00 
CVL JOB# 97-0085-03 
PREPARED FOR: ENGLE HOMES 



BISCUIT FLAT 
HYDROLOGY REPORT 

OPTION NO. 2 
WEST SIDE EARTH CHANh 

SCALE: 1" - 300' NORTH 

DATE: 3/03/00 
CVL JOB# 97-0085-03 
PREPARED FOR: ENGLE MES 



BISCUIT FLAT 
HYDROLOGY REPORT 

OPTION NO. 3 
EAST SIDE GABION CHANNEL 

0' 75' 

#I 

SCALE: 1" - 300' 
DATE: 3/03/00 
CVL JOB# 97-0085-03 

I PREPARED FOR: ENGLE HOMES 



BISCUIT FLAT 
HYDROLOGY REPORT 

OPTION NO. 4 

SCALE: 1" - 300' NORTH 

DATE: 3/03/00 
CVL JOB# 97-0085-03 
PREPARED FOR: ENGLE HOMES 
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EXISTING 
CONDITIONS OPTION 2 OPTION 1 
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OPTION 3 OPTION 4 
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OPTION 3 OPTION 4 
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Main Channel Distance ( f t )  
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EAST ~ A B I O ~ ~  CH R N ~ ~ E L  O P T I O ~  t 3  

HEC-RAS Plan: Method 1 Enc River: Unnamed Trib Reach: Reach 1 



Unnamed Trib - East Gabion Channel Unnamed Trib - East Gabion Channel Unnamed Trib - East Gabion Channel Unnamed Trib - East Gabion Channel 
River = Unnamed Trib Reach = Reach 1 RS = 1.77 River = Unnamed Trib Reach = Reach 1 RS = 1.72 River = Unnamed Trib Reach = Reach 1 RS = 1.65 River = Unnamed Trib Reach = Reach 1 RS = 1.56 
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APPENDIX H 



Storage Volume Hydrographs 
Inflow Graph is Concentration Point S14C, Future Condition 

Oufflow Graph has been limited to 8,000 cfs 
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Conceptual Skunk  Creek Impoundment Area 



Conceptual Cline Creek Impoundment Area 



Basic Data used in estimating the cost of a dam or two dams on Skunk and Cline Creek 
* 

lndex numbers are taken from US Army Corps of Engineers Civil Works Cost index system (EM 11 10-2-1304) 
* Note: 2001 lndex = 51 1.51 

Dam Name 
Adobe 
Cave Buttes 
New River 
DreamyDraw 
Casandro 
Sunset 
Sunnycove 
Detention #7 

Length Height Capacity Const. 
I D #  [ft] [ftl [ac-ft] Year Cost 
7.57 11245 40 15650 1982 $ 15,982,720.00 
7.58 2260 99 46600 1980 $ 17,801,570.00 
7.55 2320 73 43,520 1985 $ 14,844,800.00 
7.56 450 40 31 7 1973 $ 763,553.00 
7.65 350 32 150 1996 $ 1,410,000.00 
7.49 488 20 55 1977 $ 427,805.00 
7.48 714 40 218 1977 $ 312,097.00 
7.47 600 22 66 1975 $ 194,163.00 

Proposed Dams 
Skunk Creek 

Cline creek 

Index 
323.67 
277.12 
350.47 
149.41 
460.21 
214.55 
214.55 
186.46 

1200 28 33600.0 

1400 26 36400.0 

2001lindex 
1.5803441 78 
1.845806871 
1.459497247 
3.423532561 

1 .I 1147085 
2.384106269 
2.384106269 
2.743269334 

Cost 2001 
$ 25,258,198.50 
$ 32,858,260.21 
$ 21,665,944.73 
$ 2,614,048.56 
$ 1,567,173.90 
$ 1,019,932.58 
$ 744,072.41 
$ 532,641.40 





Cost vs. Length x Height 
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