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• Located along N Fort Valley Rd (HWY 180)

• Coyote Springs Estate

• ~1,360 Ft Stream Reach

Both Images: From Google Maps

Coyote Springs Location

Kyle

Project Site

Flagstaff City Hall

Flagstaff Airport

N



Above: Stream Reach With Overgrown Vegetation Looking South 

From Start of Stream From Wellhouse

Project Understanding
• Client: Cindy Perin, Coyote Springs HOA

• Perennial stream from wellhouse 

• Riparian habitat assessment

• Analyze stream reach, culvert inlets and outlets, 

pooling area, and channel

Kyle

Left: Deer 

Near Well 

House



Field Evaluation

Above: Upstream 

Channel

Above: Turf 

Reinforcement Netting

Left: Culvert Inlet 

Overgrown

• Trickling flow

• Shallow stream

• Overgrown vegetation

• Pooling area

• Slope stabilization netting

Kyle



Above: Watershed Delineation

● Coconino County Drainage Design 

Manual

● Discharges to analyze culverts and 

channels

● Based on 25-year, 10 minute duration

Coconino County Rational Method:

Hydrology

Kyle



Citation: Rosgen Classification Scheme, 

Technical Supplement 3E, NEH 654. 

Determination of Stream Type

• Single Thread Channel

• Moderately Entrenched

• Moderate to High Width to Depth

• Low to Moderate Sinuosity

• Slope 0.0389 ft/ft

• Silt / Clay Soil

Above: From Excel

Stream Reach 

Was 

Determined to 

be Rosgen 

Level 2: B6

AJ

Rosgen Level 2 

Analysis



Culvert Analysis

• Results From Bentley CulvertMaster 

• The City of Flagstaff Stormwater Management Design Manual :

25 years flow = 22.05 cfs

100 years flow = 31.25 cfs

Abdullatif

Above: From Excel

Above: From Google Maps

Culverts dimensions, status and control

Culvert Length (ft) Material Diameter  (in) Inlet  Outlet Control

Outlet 

Clearance  

(in)

Culvert 1 90 Corrugated 24 vegetation Sedimentation Outlet 2

Culvert 2 50 Corrugated 24 Pooling area vegetation Outlet 12

Culvert 3 100 Corrugated 24 Some rocks vegetation Outlet 23

Above: From Excel



Culvert Analysis 

Cont.

Above: Culvert 1 Outlet
Above: Culvert 1 Inlet

Above: Culvert 3 Inlet

Above: Culvert 2 Inlet

Right: Culvert 2 Outlet

Abdullatif



Channel Analysis-Normal Depth

Normal Depth analysis from FlowMaster

Cross Section Normal Depth(ft) Velocity (ft/s) Discharge (ft³/s) Flow Type

1(Well House) 0.56 1.71 12.72 Subcritical

2 0.5 1.65 12.72 Subcritical

3 0.7 1.63 12.72 Subcritical

4 0.48 1.21 12.72 Subcritical

5 0.68 1.56 12.72 Subcritical

6 0.63 1.73 12.72 Subcritical

Culvert 1

7 1.01 2.12 22.05 Subcritical

8 1.45 2.68 22.05 Subcritical

9 0.69 1.76 22.05 Subcritical

10(Pooling Area) 0.95 2.12 22.05 Subcritical

Culvert 2

11 1.96 2.87 22.05 Subcritical

12 1.79 2.9 22.05 Subcritical

Culvert 3

• Cross sections 4 through 12 are 

adjacent to Highway 180

• Results from Bentley FlowMaster

Abdullatif
Above: From Excel



Channel Analysis-Flow Capacity

• Cross sections 4 through 12 are adjacent 

to Highway 180

• Is the FLOW contained in the channel?

• Results From Bentley FlowMaster

Flows from FlowMaster compared to 25-yr and 100-yr flow

Cross Section Discharge (ft³/s)
25-yr 100-yr

Discharge (ft³/s) Pass? Discharge (ft³/s) Pass?

1(Well House) 5.98 12.72 NO 18.02 NO

2 53.39 12.72 YES 18.02 YES

3 16.25 12.72 YES 18.02 NO

4 29.24 12.72 YES 18.02 YES

5 314.37 12.72 YES 18.02 YES

6 198 12.72 YES 18.02 YES

Culvert 1

7 25.83 22.05 YES 31.25 NO

8 75.23 22.05 YES 31.25 YES

9 13.34 22.05 NO 31.25 NO

10(Pooling Area) 44.98 22.05 YES 31.25 YES

Culvert 2

11 33.93 22.05 YES 31.25 YES

12 16.23 22.05 NO 31.25 NO

Culvert 3

Abdullatif

Above: From Excel



HEC-RAS Model

● Average Velocity of 3.46 ft/s

● Energy in Stream Fluctuates Causing 

Sediment to Move AJ

Both: From 

HEC-RAS 

Software

Velocity Spike

Velocity Spike



2ft Diameter Culvert 

Clogged By Sediment Due 

to Energy Fluctuations
Turf Reinforcement Matting on 

Downstream End of Stream Looking 

North-West

Problem Areas

Overgrown Pooling Area at 

Creekside Drive and Highway 180

AJ



Proposed Alternative

● Existing Downstream HEC-RAS Cross Section

● Velocity of 5.24 ft/s

● Turf Reinforcement Mat

● Right Bank Slope of  0.75 ft/ft

● Proposed Downstream HEC-RAS Cross Section

● Velocity of 3.69 ft/s

● Right Bank Slope of 0.18 ft/ft

AJ



• Subcontract

• Estimate & consultation

• Plant species consideration

• Removal of weeds 

• Revegetation

• Bi-annual maintenance: spring & fall

• Educate the public

• Volunteering opportunity

Operation and Maintenance

Above: North View of Stream with 

Artificial Rocks
Rachel



Cost of Implementation 

Rachel

Above: From Excel



Final Summary

● Field Evaluation 

● Hydrology & Hydraulics

○ Watershed Delineation

○ Channel and Culvert Analysis

○ HEC-RAS

● Operation & Maintenance

○ Subcontract

○ Community Involvement

● Final Proposed Alternative

○ Implement O&M Plan

○ Alter Downstream Area

Abdullatif



• Cindy Perin, Client, Coyote Springs HOA
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Many thanks to those who helped our team directly or indirectly!
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Left: Looking 

Downstream 

Next to 

Highway 180



Resources Used
• All Images Taken By Team Members 

Unless Otherwise Noted

• Overviews From Google Maps

• Microsoft Project

• Tables From Excel

• USGS Website

• Technical Supplement 3E of the USDA 

National Engineering Handbook 654

• AJ Comito CENE 568 Rosgen Memo

• HEC-RAS

• Bentley CulvertMaster

• Bentley FlowMaster

• Coconino County and City of Flagstaff 

Drainage Design Requirements



Above: AutoCAD Cross Sections

Right: Cross Sections With Data in Excel

Coyote Springs Stream 

Cross Section Information 



Above: Rosgen Classification Scheme,

Technical Supplement 3E, NEH 654

Left: Example Cross Section from HEC-RAS

Determined Stream Slope: 3.89%

Relatively Low Sinuosity

Average Shallow and Wide Cross Sections 

From Above Information The Stream is 

Determined to be Rosgen Level 1: B 

Rosgen Level 1



Entrenchment ratio = Flood prone area width (ft) (Supplement 3E, NEH 654)

Bankfull channel width (ft)

Width to Depth ratio = Bankfull channel width (ft) (Supplement 3E, NEH 654)

Bankfull mean depth (ft)

Channel Sinuosity = Stream Length (ft) (Supplement 3E, 

NEH 654)
Valley Length (ft)

Slope = Elevation Change (ft) (Supplement 3E, NEH 654)
Stream Length (ft) 

Above: Schematic diagram showing geomorphic features of a stream channel

http://pubs.usgs.gov/sir/2005/5153/

Rosgen level 2 Equations



Stream Reach 

Was 

Determined to 

be Rosgen 

Level 2: B6a

Above: Sinclair Wash Near Practice Fields and Hilltop Townhomes From 

AutoCAD
Above: From Excel

Rosgen Level 2 Sinclair Wash Comparison



Hours



Plant Species

Above: From Excel


