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1.0 Project Introduction 

1.1 Background 
Riparian habitats aid in the dissipation of the energy in streams through curves in their path as well 
as vegetation. This reduction in the flow of the stream helps to reduce soil erosion, settle out 
suspended solids reducing the turbidity, and to filter out pollutants. These zones also provide 
habitats for diverse native wildlife and plants. When the balance of these habitats is disturbed the 
system can be thrown out of balance resulting in reduced or increased water flow, invasive species 
being introduced, and the general decline of the habitat. The purpose of the Sinclair Wash 
Restoration Feasibility Study is to identify three areas within the Northern Arizona University 
reach of Sinclair Wash which are in need of repair/restoration.  The intent of the study is to develop 
a restoration plan to improve the chosen wash sites and restore them to proper function as a riparian 
habitat as well as channels for floodplain health while promoting it as an area for recreational 
opportunities and interpretive educational experiences. 

1.2 Location 
The project site is located in the City of Flagstaff in the State of Arizona, as shown in Figure 1.1. 

The project location will be the section of Sinclair Wash between I-17 and Lone Tree Road 
 

.  
Figure 1-1 – Project location map 
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This section of Sinclair Wash, located within Northern Arizona University, will be the focus of 
the project and is outlined in Figure 1.2. The map also contains information from the FEMA 
Regulatory Floodway Map. 

 
Figure 1-2 – Site location map outlining Sinclair Wash Project 

1.3 Current Conditions 

Sinclair Wash currently contains multiple problem areas throughout the reach. Portions of the wash 
are prone to sediment deposits building up and impeding the normal flow of the channel. 
Overgrown vegetation, such as that in Fig. 1.3, causes the water carried by the channel to flow at 
lower speeds, resulting in backflow as well as puddling in areas where the channel bed has eroded 
away. During instances of heavy rain portions of the Flagstaff Urban Trail system, which runs 
adjacent to Sinclair Wash’s path through the NAU campus as well as crosses it in some places, 
become flooded and become hazardous to users while also being eroded by the larger flood events 
that overtop them by design. The current design of these crossings would need constant 
maintenance to ensure their safe continued use.  
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Figure 1-3  - Overgrown vegetation in portion of Sinclair Wash 

Portions of the wash are eroded and washed out which allows for the puddling of water at low 
flows, such as the Knoles Drive culvert shown in Fig. 1.4.  
 

 
Figure 1-4 - Knoles Drive culvert with water flowing (left) and water pooled (right) 

2.0 Site Selection 

2.1 Analysis of Previous Studies 
A previous capstone team recently performed a study on Sinclair Wash [1]. The study the team 
performed required extensive surveying of the wash which resulted in relatively new surveying 
data being available for the site. This data allowed us to take not only the previous teams 
topographic models but their hydraulic models as well in order to use as a base point for the 
beginning of our study.  
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2.2 Analysis of Civil 3D Data 
The previous capstone team’s topographic map was analyzed in Civil 3D in order to determine 
high points and low points throughout the reach. Once the points were determined, the map, along 
with prior knowledge of the wash, was examined to determine three sites in order to focus the 
study on. In order to determine the sites to focus on, the following criteria were considered: low 
points, path of thalweg, and channel lining. 

2.3 Site 1 
The first site chosen from the analysis of the wash is approximately 156ft East of the I-17 culvert 
and extends just past the first crossing of the Flagstaff Urban Trail System that follows the wash 
on campus, as seen in Figure 2.1.  The river station is the beginning of the Sinclair Wash from 
STA 63+78.119 to STA 59+97.055. 
 

 
Figure 2-1 - Site 1 Location 

 
The site was chosen for multiple reasons. In performing the low point analysis of the site it was 
determined that the site had a number of low points, represented by the red x’s in Figure 2.2, away 
from the thalweg. These low points indicate that this section of the wash will be prone to ponding 
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in certain flood events. The site was also chosen due to an abundance of vegetation in the channel 
which would slow the flow of water traveling in the channel. 

 
Figure 2-2 - AutoCAD Drawing of Site 1 showing trees and low points within the site. 

 

2.4 Site 2 
The second site to be chosen is located 550ft NE of the San Francisco Street culvert. And 
continues for 870ft in the same direction as shown in Figure 2.3. The Liszewski model was 
shortened by deleting cross sections occuring outside river station 2882.191 ft through 2112.564 
in order to match the site selected. Culvert location’s were specified in the geometric data view 
located at river station 2228 ft and logged in the program. 
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Figure 2-3 - Site 2 Location 

 
Site 2 was chosen for two reasons. The first reason is that in the initial analysis of the data, the 
thalweg line for the channel cuts back on itself before continuing in the channel, shown in Figure 
2.4 running in the center of the channel bed. This cut back may cause unnecessary erosion at the 
cutback points as well as erosion to the channel bed itself. The cause of this cutback, be it natural 
or man made, is currently unknown and will be investigated to determine if it may be removed in 
order to better direct the flow within the channel. The second reason for the selection of the site 
is due to the area containing a large amount of vegetation which will inhibit the flow of water in 
the channel. Though some vegetation is wanted to help reduce erosion, the amount in the area 
seems to be in abundance and therefore may need to be removed to an extent. 
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Figure 2-4 - Site 2 Showing cutback in thalweg line. 

2.5 Site 3 
The third site ends at just before the Lone Tree Road culvert and begins approximately 1000ft 
SW of the culvert as seen in Figure 2.5. For Site 3 Liszewski’s model was cut down to represent 
the chosen area in the HEC RAS model located from river stations 1985.073 through 1047 from . 
Site 3 does not contain a culvert within the site but does contain one just beyond site location 
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Figure 2-5 - Site 3 Location 

Site 3 was selected due to the construction activity which occurred in the area in 2019, resulting 
in the channel lining to be replaced with dirt and gravel. This channel bed has a high chance of 
being eroded away in storm events if left alone. There are also areas of ponding which were 
noticed in previous visits to the site. 
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Figure 2-6 - Site 3 

3.0 Effective Hydraulic Model 

3.1 Effective Hydraulic Model Utilization 
Summer 2019’s capstone team performed an analysis of the reach of Sinclair Wash Located on 
campus [1]. The model created by this team was utilized in order to create the effective model for 
each of the three sites in the study. These models will be referred to as Liszewski’s models from 
here one. Liszewski’s model of the site was reproduced three times each was broken into one of 
the three sites in order to create smaller effective hydraulic models. The models were run in HEC-
RAS 5.0.5 in order to compare the results to the original model. The 100-yr storm event with a 
flow rate of 890 cfs according to the Flood Insurance Study provided to Liszewski’s team [2]. 
Storm events of 10 and 50 years were used as well utilizing flow rates of 350cfs and 670cfs 
respectively. Additionally, using Liszweski’s model, rating curves for all sites were created to 
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account for the flow running through the whole wash, as the discharge and water surface elevation 
is  Site 1, 2, and 3 HEC RAS models are shown in the Appedicies D, H, and J respectively. 
 

3.2 Site 1 
Site 1 cut Liszewski’s model in order to show just the cross sections along site 1. In order to 
compare and contrast with the correct effective model, delete cross section expect site 1 area and 
the 890 cfs was inputted into HEC-RAS to perform a steady flow test. Rating curve was created 
for site 1 because the water flowing needs to be accounted for as when the water is flowing across 
the culvert located at San Francisco, it generates a high depth of water surface elevation that leads 
to a backflow.  

3.3 Site 2 
A similar procedure was followed for Site 2, Then flow of 890cfs as per 100 yr storm event as well 
as the 350cfs and 670cfs for the 10 and 50, input and flow test were computed in HEC RAS. The 
rating curve was created for site 2 as it is important to account for the flow, because the flow 
approaching the culvert in site 2 increases velocity which results in area reduction, and increases 
the water surface elevation, which will lower the channel conveyance leading to low capacity.  

3.4 Site 3 
In order to compare and contrast with the correct effective model, use the similar procedure to run 
the Site 3 HEC-RAS model. Then, find some difference between two models. Rating curve done 
for site 3 to account for water flowing upstream through downstream. It was done due to water 
velocity increases underneath the culvert and area decreasing causing the water surface elevation 
to have a constant increase affecting the surrounding society.  

4.0 Corrected Effective Model 

4.1 Analysis and Optimization of Corrected Effective Model 
Using the finished effective hydraulic models additional cross-sections are created in each site for 
more detailed analysis. Cross sections were created using intervals of approximately 15 feet 
beginning of Liszewski’s first cross-section on each of the sites using Civil 3D. These new sections 
were then imported into HEC-RAS for analysis. The manning's value for each of the sites was 
updated to better reflect the current flow conditions due to changes in the channel lining and the 
topography changes. The sites were then analyzed based on the FEMA FIS data in the Effective 
Hydraulic Model. The analysis results show in Appendices L-S for each site. HEC RAS was 
utilized to run corrected effective models for all three sites. The process was similar to an effective 
model as rating curves were created to account for water flowing within the upstream and 
downstream of the whole wash. Within our correction to each site, the area of each site was 
increased leading to water flowing in wider space across the wash from upstream to downstream 
and crossing underneath each culvert, and not affecting the surrounding community per City of 
Flagstaff requirements [3].   
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5.0 Proposed Restoration Plans 

5.1 Proposed Restoration Plan Site 1 
The first step to restoration was to first determine the bankfull area to be used in order to change 
the geometry of the channel. The bankfull area was determined by the Sinclair Wash 
Classification capstone team [4]. This value was determined by taking an average of all the 
bankfull areas that fell within the site. From their analysis it was determined that Site 1 would 
require a bankfull area of 10.95 square feet. Using the Channel Design/Modification tool in 
HEC-RAS a trapezoidal channel was developed that was approximately 10.95 square feet. This 
trapezoidal channel was then used to ensure that the required area fit within the channel. A 
smaller trapezoidal cut was made at the center of this main cut to allow for water to flow through 
the channel bed at low flows. This channel was applied to all cross sectional cuts and the 
centering of it was varied to ensure that the wash curved as it flowed downstream. The profile of 
the section was also changed to reflect a ripple, run, pool, glide type of profile [5]. A slope was 
taken from the first cross section to the last cross section in order to determine the slope for the 
run section of the profile. The slope for the ripple section was set to be larger than that of the run 
section. A sudden slope was created, which transitioned to a flat portion, in order to create the 
pool section. A small negative section was utilized to create the glide section, which would then 
be followed by another ripple section.  
The FUTS trail crossing found at STA 49+97.43 was removed from the channel and it is 
recommended that a prefabricated bridge be installed in its place. In order to determine the 
design specifications of the bridge, it is suggested that further study be done. The removal of the 
bridge will reduce the damage to the channel caused by the culvert while also removing the need 
for costly repairs due to overtopping of the culvert. The slopes of the cuts being performed are to 
be at a H:V ratio of 3:1. The channel as well as the banks will be seeded using natural grass 
seeding as per City of Flagstaff Stormwater Design Manual 8.4.4. It is also recommended that a 
waist tall hedge be planted to prohibit crossings at the nearby intersection of McConnell and Pine 
Knoll. 
 

5.2 Proposed Restoration Plan Site 2 
In a similar fashion to Site 1, the HEC RAS Channel Design/Modification Editor was used to 
make the template to be applied to Site 2.The slopes were at a H:V of 3:1 similar to site 1 once 
again reasoning that the slope was more stable. The profile was altered to produce a repeating 
ripple, run, pool, glide profile throughout the site [5]. The geometry of the channel was updated 
to accommodate the calculated bankfull area for Site 2 of 20.693 square feet [4]. In addition to 
that, the channel’s template cut was once again trapezoidal in shape with a smaller trapezoid cut 
to allow smaller flows to flow. Per City of Flagstaff Stormwater Design Manual 8.4.4., the banks 
and channels will require seeding natural grass to be seeded and erosion will be prevented across 
site 2 area [3].     
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5.3 Proposed Restoration Plan Site 3 
The development of the Site 3 restoration plan was again, similar to that of Sites 1 and 2. An 
average bankfull for the reach was determined, 20.23 square feet [4]. Using the HEC-RAS 
Channel Design/Modification Editor, a template for a cut to the channel was developed to 
accommodate the bankfull area. The designed trapezoidal channel, which includes a smaller 
trapezoidal cut at the bottom of the channel to allow for water to flow through, was then applied 
to the various cross sections of the channel. The profile of the site was altered to reflect a 
repeating riffle, run, pool, glide profile [5]. The side cuts of the channel are again cut to a H:V 
ratio of 3:1. According to current condition and the City of Flagstaff Stormwater Design Manual 
8.4.4 [3]. Site 3 area should plant the local vegetation and grass to prevent river banks from 
being eroded. 

5.4 Cut and Fill Summary 
Table 5.1 summarizes the cut and fill for the three sites. Included in the summary is a cost of 
performing the work utilizing an estimated rate given by our Technical Advisor of $6/yd3 and 
$7/yd3. The costs are left as a cost of performing both and totaled together. 

 

Table 5-1 -- Summary Table of Cut and Fill work. 

 
Cut  Rate $/yd3 Fill Rate $/yd3 Cost 

Site 1 262 yd3 $6 650 yd3 $7 $6,122 

Site 2 541 yd3 $6 6544 yd3 $7 $49,054 

Site 3 4327 yd3 $6 709 yd3 $7 $30,925 

Total 5130 yd3 
 

7903 yd3 
 

$86,101 

 

6.0 Summary of Engineering Work 

6.1 Proposal Schedule 
The original schedule from the project proposal can be found in Appendix AA. This schedule 
was made with the intention of performing a study on 4 sites.  

6.2 Updated Project Schedule 
The final project schedule can be found in Appendix AB. The schedule was altered in order to 
take into account the changes due to the reduction in sites to be studied. The only changes made 
were the removal of the extra tasks. 

7.0 Summary of Engineering Cost 

7.1 Staffing Hours 
Table 7.1 shows the summary of the project staffing hour that the engineer predicted from the 
original project proposal. 
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Table 7-1 -- Matrix Table of Staffing Positions 

 
Senior 

Engineer Engineer II Engineer I 
Engineering 

Intern Total 

Task Name SENG ENG II ENG I INT  

1.0 Site Selection Research 6 10 12 12 40 

1.1 Surveying Data 1 1 3 3  

1.2 FEMA Flood Way and FIS Data 1 2 2 2  

1.3 Hydrologoic Data 1 2 2 2  

1.4 Hydraulic Data 1 1 2 2  

1.5 Geomorphic Data 1 2 2 2  

1.6 Site Selection Criteria 1 2 1 1  

2.0 Effective Hydraulic Model 4 6 9 11 30 

2.1 Input Data Development 1 1 4 5  

2.2 Hydraulic Modeling 2 3 3 3  

2.3 Site Selection 1 2 2 3  

3.0 Corrected Effective Model 16 24 30 31 101 

3.1 Site 1 Corrected Effective Model      

3.1.1 Site 1 Input Data Development 2 3 5 6  

3.1.2 Site 1 Hydraulic Modeling 2 6 4 4  

3.2 Site 2 Corrected Effective Model      

3.2.1 Site 2 Input Data Development 2 2 4 4  

3.2.2 Site 2 Hydraulic Modeling 2 3 3 3  

3.3 Site 3 Corrected Effective Model      

3.3.1 Site 3 Input Data Development 2 2 4 4  

3.3.2 Site 3 Hydraulic Modeling 2 3 3 3  

3.4 Site 4 Corrected Effective Model      

3.4.1 Site 4 Input Data Development 2 2 4 4  

3.4.2 Site 4 Hydraulic Modeling 2 3 3 3  
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4.0 Proposed Restoration Plan 17 48 59 56 180 

4.1 Site 1 Restoration Plan      

4.1.1 Site 1 Geomorph Plan 1 4 6 5  

4.1.2 Site 1 Hydraulic Plan 3 6 8 10  

4.1.3 Site 1 Vegetation Plan 1 8 6 5  

4.2 Site 2 Restoration Plan      

4.2.1 Site 2 Geomorph Plan 1 3 4 3  

4.2.2 Site 2 Hydraulic Plan 2 3 5 6  

4.2.3 Site 2 Vegetation Plan 1 4 4 3  

4.3 Site 3 Restoration Plan      

4.3.1 Site 3 Geomorph Plan 1 3 4 3  

4.3.2 Site 3 Hydraulic Plan 2 3 5 6  

4.3.3 Site 3 Vegetation Plan 1 4 4 3  

4.4 Site 4 Restoration Plan      

4.4.1 Site 4 Geomorph Plan 1 3 4 3  

4.4.2 Site 4 Hydraulic Plan 2 3 5 6  

4.4.3 Site 4 Vegetation Plan 1 4 4 3  

5.0 Plan Set 5 45 71 65 186 

5.1 Cover Page 1 4 6 3  

5.2 Notes 0 3 4 4  

5.3 Details 1 7 8 6  

5.4 Topographic Map 0 1 3 2  

5.5 Site Plans 3 30 50 50  

6.0 Deliverables 31 55 56 45 187 

6.1 30% Submittals 2 10 10 8  

6.2 60% Submittals 4 10 10 8  

6.3 90% Submittals 4 10 10 8  

6.4 Final Report and Plan Set 6 8 8 10  

6.5 Final Presentation 7 8 8 5  
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6.6 Meeting Memo Binder 1 1 1 2  

6.7 Website 5 5 6 2  

6.8 Impacts 2 3 3 2  

7.0 Project Management 49 34 23 23 129 

7.1 Team Meetings 15 15 15 15  

7.2 Technical Advisor Meetings 8 8 8 8  

7.3 Client Meetings 5 5 0 0  

7.4 Schedule Management 1 3 0 0  

7.5 Resource Management 20 3 0 0  

Total hours 128 222 260 243 853 

 
Table 7.2 shows the summary staffing hours changes based on the project team member 
changed. 

 
Table 7-2 -- Matrix Table of Staffing Positions 

 
Senior 

Engineer Engineer II Engineer I 
Engineering 

Intern Total 

Task Name SENG ENG II ENG I INT  

1.0 Site Selection Research 6 9 9 9 33 

1.1 Surveying Data 1 1 3 3  

1.2 FEMA Flood Way and FIS 
Data 1 2 2 2  

1.3 Hydrologoic Data 1 2 1 1  

1.4 Hydraulic Data 1 1 1 1  

1.5 Geomorphic Data 1 1 1 1  

1.6 Site Selection Criteria 1 2 1 1  

2.0 Effective Hydraulic 
Model 4 4 6 8 22 

2.1 Input Data Development 1 1 3 3  

2.2 Hydraulic Modeling 2 2 2 4  

2.3 Site Selection 1 1 1 1  
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3.0 Corrected Effective 
Model 12 23 26 27 88 

3.1 Site 1 Corrected 
Effective Model      

3.1.1 Site 1 Input Data 
Development 2 5 6 7  

3.1.2 Site 1 Hydraulic 
Modeling 2 6 5 5  

3.2 Site 2 Corrected 
Effective Model      

3.2.1 Site 2 Input Data 
Development 2 4 5 5  

3.2.2 Site 2 Hydraulic 
Modeling 2 3 4 4  

3.3 Site 3 Corrected 
Effective Model      

3.3.1 Site 3 Input Data 
Development 2 2 3 3  

3.3.2 Site 3 Hydraulic 
Modeling 2 3 3 3  

4.0 Proposed Restoration 
Plan 13 30 40 39 122 

4.1 Site 1 Restoration Plan      

4.1.1 Site 1 Geomorph Plan 2 5 6 6  

4.1.2 Site 1 Hydraulic Plan 2 4 6 8  

4.1.3 Site 1 Vegetation Plan 1 3 4 3  

4.2 Site 2 Restoration Plan      

4.2.1 Site 2 Geomorph Plan 1 3 4 3  

4.2.2 Site 2 Hydraulic Plan 2 3 5 6  

4.2.3 Site 2 Vegetation Plan 1 4 4 3  

4.3 Site 3 Restoration Plan      

4.3.1 Site 3 Geomorph Plan 1 2 3 2  

4.3.2 Site 3 Hydraulic Plan 2 2 4 5  
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4.3.3 Site 3 Vegetation Plan 1 4 4 3  

5.0 Plan Set 4 30 51 45 130 

5.1 Cover Page 1 4 6 3  

5.2 Notes 0 3 4 4  

5.3 Details 1 7 8 6  

5.4 Topographic Map 0 1 3 2  

5.5 Site Plans 2 15 30 30  

6.0 Deliverables 31 55 56 45 187 

6.1 30% Submittals 2 10 10 8  

6.2 60% Submittals 4 10 10 8  

6.3 90% Submittals 4 10 10 8  

6.4 Final Report and Plan Set 6 8 8 10  

6.5 Final Presentation 7 8 8 5  

6.6 Meeting Memo Binder 1 1 1 2  

6.7 Website 5 5 6 2  

6.8 Impacts 2 3 3 2  

7.0 Project Management 41 26 10 10 87 

7.1 Team Meetings 10 10 5 5  

7.2 Technical Advisor 
Meetings 5 5 5 5  

7.3 Client Meetings 5 5 0 0  

7.4 Schedule Management 1 3 0 0  

7.5 Resource Management 20 3 0 0  

Total hours 111 177 198 183 669 

 
The original proposal contained a higher cost due to the fact that the project was to originally 
contain 4 sites of study. With the reduction of sites, the project cost dropped significantly. There 
were some items which had a reduction in the proposed hours while some others required an 
increase in the hours.  
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7.2 Project Cost 
Table 7.3 shows the predicted cost of the project from the original proposal. 

Table7.3 - Cost of Engineering Services 

1.0 Personnel Classification Hours Rate, $/hr Cost 

 SENG 128 213 $ 27,264.00 

 ENG II 222 136 $ 30,192.00 

 ENG I 260 85 $ 22,100.00 

 INT 243 22 $ 5,346.00 

 Total Personnel   $ 84,902.00 

2.0 Travel N/A   $ - 

3.0 Supplies Surveying Equipment Rental (Tentative)  $100/day $ 100.00 

 Geotechnical Lab Time (Tentative)  $100/day $ 100.00 

4.0 Subcontract N/A   $ - 

5.0 Total    $ 85,102.00 

 
Table 7.4 below summarizes the total cost of the final project including personnel, travel, supplies, 
and subcontracting. 

Table 7.4 - Cost of Final Project 

1.0 Personnel Classification Hours Rate, $/hr Cost 

 SENG 111 213 $ 23,643.00 

 ENG II 177 136 $ 24,072.00 

 ENG I 198 85 $ 16,830.00 

 INT 183 22 $ 4,026.00 

 Total Personnel   $ 68,571.00 

2.0 Travel N/A   $ - 

3.0 Supplies Surveying Equipment Rental (Tentative)  $100/day $ - 

 Geotechnical Lab Time (Tentative)  $100/day $ - 

4.0 Subcontract N/A   $ - 

5.0 Total    $ 68,571.00 
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As stated in 7.1 due to the reduction in work, the overall engineering costs were severely 
reduced. The changes in the hours resulted in a decrease in the overall cost of the project from 
$85,102 to $68,571. 

8.0 Impacts 
Being a feasibility study, the impacts of the project are almost entirely theoretical. 

8.1 Social Impacts 
The rehabilitation of Sinclair Wash may lead to increased use of the area. With the site returning 
to its natural habitat, people may better enjoy walking through the FUTS trail located in the site. 
With an increase in the use of the site for recreation, there is the chance that people's lives may 
be improved leading to increased health, demeanor, and quality of life.  

8.2 Environmental Impacts 
The expected environmental impacts of the project are mostly positive. The purpose of the 
project is to improve the overall health of the riparian habitat in the area by removing invasive 
plants, promoting the growth of native plants, and improving the flow of water through the area. 
By improving the channel lining in the area it is the hope of the team that there will be a 
reduction in flooding caused by sediment buildup and blockage of the stream. With the reduction 
in invasive species, it is the hope that native plants are better situated to make a return in the 
area, promoting the native species which survive off of them. Negative impacts from the project 
include the impact that will occur due to the change of vegetation in the area due to the project.  

8.3 Economic Impacts 
The major potential economic impact of the project would occur due to the removal of the two 
culverts in the wash. The two which are to be removed were designed with overtopping in mind. 
These culverts required regular maintenance to repair damages and erosion to the path that 
crossed over them. Another potential economic impact of the project is the increased foot traffic 
may increase spending both on and around campus. A negative impact of the project is the fact 
that there is no direct way to generate revenue from the project being that it is not a business or 
service which is pay to use. Overall the benefits of the project are expected to outweigh the costs.  

9.0 Conclusion 
In order to implement the restoration plan presented by Hyde Engineering, it would cost an 
estimated $68,500.  The plan put forth did not exceed the design criteria set out by the City of 
Flagstaff Stormwater Management Design Manual, including velocity less than 18 feet per 
second, Froude Numbers not exceeding 0.86, and side slopes no greater than 3:1 H:V ratio [3]. 
Appendixes X-Z depicts the effects of applying the proposed changes on the three sites. In Site 1 
it can be seen that the water surface decreases along the site, the velocity is increasing, and there 
is an overall reduction in the top width with an increase in the froude number. Site 2 contains 
areas of elevation increase as well as decreases. The velocity mostly increases with areas of 
decrease. The opposite occurs for the top width with a majority being decreased with some 
increases. The froude number for the most part is being increased with some decreases. Site 3 is 
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the site that we do see the most negative effects on the channel. There are large increases to the 
water surface elevations and mostly negative impacts to the velocity of the channel. The top 
width of the channel is increased all along the channel and the Froude number mostly decreases 
throughout. The issues with the water surface elevation can be addressed by dropping the 
elevation of the sites profile by 2.5ft. Further studies will be needed to ensure that these effects 
can be remedied by this approach. Table 9.1 shows a rough estimation of the cost for each site’s 
plan to be put into effect. 

 
Table 9-1 - Estimate of total work per site. 

SITE 1 SITE 2 SITE 3 

Cut (yd3) 262 Cut (yd3) 541 Cut (yd3) 4327 

Fill (yd3) 650 Fill (yd3) 6544 Fill (yd3) 709 

Major 
Changes 

Tree remals and 
culvert removals 

Major 
Changes 

Culvert removal, urban trail 
redirect, and channel filling 

Major 
Changes 

Lining and 
cutting of 
channel 

Proposed 
Cost $17,800 Proposed 

Cost $54,900 Proposed 
Cost $31,500 

 
The costs calculated include the cost of the cut/fill already calculated in 5.4, an estimate of $800 
dollars per tree for removal and an estimation of about $1,000 per site for seeding mix. Also 
included in the table is what is to be considered the major change being applied to each of the 
sites. By making the recommended channel alterations, the riparian habitat is expected to repair 
itself with time while also promoting improvements to the surrounding areas. 
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APPENDIX 
Appendix A: Effective Hydraulic Model cross section diagram 
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Appendix B: Site 1 Effective Hydraulic Model culvert graphs 
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Appendix C: Site 1 Effective Hydraulic Model HEC RAS culvert summary table 
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Appendix D: Site 1 Effective Hydraulic Model HEC-RAS cross section summary table 
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Appendix E: Site 2 Effective Hydraulic Model cross section diagram 
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Appendix F: Site 2 Effective Hydraulic Model culvert graphs 
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Appendix G: Site 2 Effective Hydraulic Model HEC RAS culvert summary table 
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Appendix H: Site 2 Effective Hydraulic Model HEC RAS cross section summary table 
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Appendix I: Site 3 Effective Hydraulic Model cross section diagram 
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Appendix J: Site 3 Effective Hydraulic Model HEC RAS cross section summary table 
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Appendix K: Corrected Effective Model Site 1 cross section diagram 
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Appendix L: Corrected Effective Model Site 1 culvert graphs 
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Appendix M: Site 2 Corrected Effective Model cross section diagram 
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Appendix N: Site 2 Corrected Effective Model culvert graphs 
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Appendix O: Corrected Effective Model Site 3 cross section diagram 
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Appendix P: Corrected Effective Model Site 1 HEC RAS culvert summary table 
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Appendix Q: Corrected Effective Model Site 1 cross section summary table 
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Appendix R: Corrected Effective Model Site 2 HEC RAS culvert summary table 
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Appendix S: Corrected Effective Model Site 3 HEC RAS cross section summary table 
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Appendix T: Manning’s Value Reference Table 
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Appendix U: Site 1 Proposed Restoration Plan HEC RAS Data  
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Appendix V: Site 2 Proposed Restoration Plan HEC RAS Data  
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Appendix W: Site 3 Proposed Restoration Plan HEC RAS Data  
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Appendix X: Site 1 Proposed vs Corrected Effective Comparison 
 

SITE 1 CHANGES 

W.S. Elev Vel Chnl Top Width Froude # Chl 

(ft) (ft/s) (ft)  

-0.76 0.48 -3.26 0.07 

-0.77 0.33 -2.21 0.04 

-0.77 0.29 -3.08 0.04 

-0.78 0.31 -3.78 0.04 

-0.77 0.34 -2.18 0.04 

-0.78 0.24 -2.18 0.03 

-0.78 0.3 -2.16 0.04 

-0.78 0.26 -2.25 0.03 

-0.79 0.25 -2.18 0.03 

-0.83 0.79 -3.87 0.11 

-0.89 1.28 -4.67 0.18 

-0.93 1.46 -5.41 0.2 

-0.98 1.49 -5.68 0.21 

-1.03 1.53 -5.94 0.21 

-1.08 1.69 -7.71 0.23 

-1.14 1.87 -6.79 0.26 

-1.18 1.98 -12.01 0.27 

-1.23 1.82 -16.36 0.25 

-1.36 2.07 -18.8 0.29 

-1.46 2.06 -14.14 0.29 

-1.54 1.87 -15.63 0.25 

-1.5 1.19 -15.09 0.19 

-1.55 1.3 -16.28 0.2 

-1.62 1.47 -16.75 0.24 

0.07 0.17 0.55 0.04 
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-0.1 0.54 -0.73 0.09 

0.01 -0.01 0.03 -0.01 
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Appendix Y: Site 2 Proposed vs Corrected Effective Comparison 
 

SITE 2 CHANGES 

W.S. Elev Vel Chnl Top Width Froude # Chl 

(ft) (ft/s) (ft)  

0.07 -0.07 -14.06 -0.07 

0.64 -1.42 -9.4 -0.28 

0.82 -1.39 -9.12 -0.27 

0.79 -0.71 -12.56 -0.16 

0.71 0.04 -21.71 -0.07 

0.71 0.04 5.68 0.02 

0.69 0.02 12.34 0.02 

0.63 0.4 8.61 0.08 

0.57 0.61 6.13 0.11 

0.55 0.64 5.94 0.1 

0.53 0.63 5.86 0.09 

0.49 0.78 5.44 0.11 

0.49 0.51 5.66 0.08 

0.44 0.88 5.18 0.13 

0.39 1.22 6.25 0.18 

0.39 0.94 5.9 0.13 

0.39 0.65 3.59 0.09 

0.38 0.79 3.46 0.1 

0.36 0.98 3.33 0.13 

0.37 0.52 2.74 0.07 

0.35 0.82 2.79 0.11 

0.32 1.07 2.77 0.15 

0.3 1.16 2.58 0.17 

0.2 1.81 2.62 0.28 
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0.08 2.44 -76.26 0.24 

0.05 2.43 -75.63 0.24 

0.01 2.32 -67.35 0.23 

0 2.22 -63.21 0.22 

-0.03 2.12 -61.65 0.2 

-0.05 2.05 -61.06 0.2 

-0.07 1.91 -56.8 0.18 

-0.05 1.51 -48.56 0.14 

-0.07 1.32 -0.59 0.19 

-0.08 1.12 -0.68 0.15 

-0.09 0.91 -0.83 0.12 

-0.08 0.87 -0.76 0.11 

-0.09 0.69 -0.74 0.09 

-0.09 0.58 -0.76 0.07 

-0.1 0.55 -0.81 0.07 

-0.1 0.57 -0.85 0.07 

-0.1 0.51 -1.4 0.06 

-0.11 0.31 -1.02 0.04 

-0.1 0.21 -1.03 0.03 

-0.11 0.17 -2 0.02 

-0.14 0.66 -1.32 0.08 

-0.16 0.79 -23.37 0.07 

-0.16 0.55 -1.09 0.07 

-0.15 0.31 -1.67 0.04 

-0.1 -0.14 5.14 -0.01 

-0.06 -0.53 12.04 -0.06 

-0.03 -0.01 4.94 0 

-0.04 0.3 -0.26 0.03 

-0.04 0.49 0.28 0.06 
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-0.04 0.52 1.76 0.07 

-0.04 0.55 3.46 0.08 

-0.04 0.53 -17.61 0.04 

-0.03 0.44 -16.81 0.03 

0 0 0 0 
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Appendix Z: Site 3 Proposed vs Corrected Effective Comparison 
 

SITE 3 CHANGES 

W.S. Elev Vel Chnl Top Width Froude # Chl 

(ft) (ft/s) (ft)  

1.98 -0.5 34.06 -0.04 

1.9 -0.68 38.22 -0.05 

1.84 -0.91 31.3 -0.08 

1.77 -1.09 24.03 -0.11 

1.69 -1.28 16.01 -0.14 

1.91 -1.36 12.3 -0.16 

1.84 -0.71 10.39 -0.08 

1.78 -0.86 20.95 -0.08 

1.66 -1.28 28.6 -0.12 

2.03 -1.59 36.69 -0.16 

2.33 -1.61 41.81 -0.16 

2.48 -1.33 47.43 -0.14 

2.43 -0.9 46.23 -0.09 

2.34 -0.6 43.53 -0.06 

2.27 -0.43 43.47 -0.04 

2.28 -0.32 40.77 -0.04 

2.22 -0.21 40.76 -0.03 

2.18 -0.18 40.3 -0.03 

2.16 -0.17 40.73 -0.03 

2.14 -0.19 38.72 -0.03 

2.16 -0.32 37.25 -0.04 

2.07 -0.07 32.73 -0.01 

2.01 0.15 32.62 0.01 

1.96 0.23 29.27 0 

1.92 0.22 24.37 0.01 
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1.89 0.18 18.75 0.01 

1.77 -0.1 32.07 -0.02 

1.52 -0.52 25.86 -0.06 

1.37 -0.89 24.82 -0.07 

1.35 -0.86 22.41 -0.07 

1.34 -0.76 35.68 -0.07 

1.44 -0.58 35.97 -0.06 

1.39 -0.72 39.29 -0.07 

1.33 -0.86 40.54 -0.1 

1.32 -1.04 40.3 -0.11 

1.32 -1.21 31.05 -0.14 

1.34 -1.25 31.03 -0.14 

1.34 -1.13 31.92 -0.13 

1.36 -1.11 32.66 -0.11 

1.35 -1.09 33.68 -0.12 

1.36 -1.08 34.6 -0.11 

1.36 -1.12 33.02 -0.11 

1.38 -1.19 25.78 -0.12 

1.37 -1.16 31.09 -0.11 

1.38 -1.22 23.79 -0.12 

1.43 -1.39 46.3 -0.15 

1.43 -1.68 49.18 -0.18 

1.45 -1.77 48.08 -0.18 

1.45 -1.84 56.41 -0.19 

1.43 -1.73 50.84 -0.17 

1.39 -1.61 52.77 -0.16 

1.36 -1.59 53.36 -0.14 

1.34 -1.59 54.88 -0.14 

1.37 -1.09 49.04 -0.1 
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1.25 -1.56 55.22 -0.14 

1.24 -1.59 40.01 -0.15 

1.21 -1.67 17.74 -0.17 

1.17 -1.75 14.51 -0.18 

1.11 -1.67 9.64 -0.17 

1.06 -1.22 5.84 -0.12 

0.9 -1.47 5.93 -0.15 

0.75 -2.2 15.41 -0.23 

0.42 -2.18 19.88 -0.2 

0 0 0 0 
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Appendix AA: Proposal Schedule 
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Appendix AB: Updated Schedule 

 


