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1.0 Project Description 
The Flagstaff Family Food Bank (FFFB) is experiencing flooding damage to their property due to high intensity 

monsoonal rain events during July and August. Runoff Engineering, Inc.’s task is to remediate flooding issues 

at the FFFB by developing a design that is inexpensive and adheres to City of Flagstaff (CoF) codes and 

requirements.  Analysis of design alternatives will be conducted in this report and will consist of: 

topographical studies, hydrological studies, and an economical analysis’s.  Once design alternatives have 

been analyzed, a final design recommendation will be presented based on a decision matrix. 

1.1 Background 
FFFB is located in East Flagstaff at 3805 E. Huntington Drive, just south of Fanning Drive and Route 66.  Figure 

1.1 shows the project location in the Flagstaff network, while Figure 1.2 shows a more detailed map of the 

project site location.  

 

Figure 1.1 - Project Site Location in Relation to Flagstaff Network 
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Figure 1.2 - Detailed Project Site Location 

1.1.1 Current Site Conditions 
A site assessment was performed to aid in the analysis of design alternatives based on problematic issues 

specific to current site conditions.  The issues found during site assessments include: the FFFB is located at a 

confluence point of a historic watershed detailed by Rick Barrett of the City of Flagstaff, the surrounding site 

conditions are not adequate for flood prevention (retention and maintenance of drains), and impervious 

slopes and surfaces surrounding the site add to the extent of the flooding issue.  
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1.1.1.1 Historic Watershed  
The FFFB’s location is near an historic watershed.  The CoF went to great lengths to reroute the runoff into 

the neighboring Rio de Flag by way of Fanning Drive Drainage System.  Figure 1.3 indicates the location of the 

watershed, highlighted in green, and the Rio de Flag, highlighted in blue.   

 

Figure 1.3 - Location of Ancient Watershed 

The CoF has made use of two drainage systems, one of which lies to the Northwest of the FFFB’s location, 

which is called the Fanning Drive Drainage System.  The Fanning Drive Drainage System begins as a series of 

open channels, which directs water collected from residential areas, into a stormwater drainage system 

located on Fanning Drive.  From there it directs water to the West of the FFFB site into a box culvert, 

highlighted in pink.  The runoff eventually makes its way into the Rio de Flag, however due to the location of 

the site, some residual runoff is experienced by the FFFB. 

1.1.1.2 Retention and Maintenance of Storm Drains 
Additional site specific issues that affect the severity of the flooding are the surrounding site conditions.  

These conditions include: little to no retention around the site and a frequently clogged storm drain.  As 

provided by the city, Figure 1.4 illustrates the lack of retention in the area (none) and also illustrates the 

current drain near the site, which is continually clogged and proves ineffective.   
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Figure 1.4 - Retention and Storm Drains near FFFB 

With no retention nearby, and a storm drain that’s function is to drain runoff from the road near the site 

proving inadequate, flooding rates and intensities are adversely effected on the FFFB site.  Additional site 

specific issues that adversely effects the FFFB flooding problem are the slopes and surfaces that are inherent 

to the FFFB property, and will be discussed in the following section. 

1.1.1.3 Slopes and Surfaces 
Another site specific condition that adversely effects the flooding problem on the FFFB site is the amount of 

impervious surface surrounding the site.  With no natural infiltration or drainage on site, a higher volume of 

storm runoff can accumulate.  Additionally, impervious slopes of the property lead water to the FFFB 

building, escalating the intensity of the flooding issue on site.  These impervious surfaces and slope 

conditions are illustrated in Figure 1.5.  
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Figure 1.5 - Impervious Slopes & Surfaces 

1.1.2 Constraints 
Constraints pertaining to the FFFB project includes the City of Flagstaff Stormwater Management Design 

Manual.  The City of Flagstaff uses this design manual to inform designers and engineers of the specifications 

and criteria that must be met to in order to receive a permit from the city.  These criteria include: methods of 

analysis, minimum and maximum threshold values for acceptable designs, and standards set by the city to 

ensure continuity between implemented designs and current city infrastructure.  Design alternatives 

addressed in this report adhered to the design codes found in Appendix C, which is a reference guide created 

by Runoff Engineering in order to adhere to procedures and criteria specified by the CoF. 

Another constraint that was excluded from analysis was any criteria or permits needed by the Arizona 

Department of Transportation (ADOT).  Because the property’s drainage currently flows into ADOT land, 

additional permits may be needed. However, Rick Barrett, a City of Flagstaff engineer, informed the team 

that as long as the flows that were previously coming into and out of the property don’t change, ADOT 

permits would be granted.  Additionally, due to the bureaucracy between numerous agencies that would 

have to be notified in order to obtain ADOT permits, the time frame allotted for the project wouldn’t allow it, 

as well as with geotechnical analysis for retaining walls. 

1.1.3 Schedule and Cost of Services  
Scheduling and project hours were completed on time for this project, with 666 completed hours out of the 

estimated 680 hours total. The team divided the schedule it into four parts: project management, research, 

analysis, and final design.  Each member took on a different role each week, and can be seen in Table 1.1. 

Project Management includes all the initial meetings, a proposed schedule, and any initial documents needed 

to begin the project. Runoff Engineering’s final hours can be seen in Table 1.2.   
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Each member of the team was assigned a different role to make the organization better. The Senior Engineer 

(SENG) will focus on everything that is needed to complete the final proposal and final design. The Engineer 

(ENG) will focus on doing research, gathering data, and all technical aspects of the project. The Lab 

Technician will focus on handling and working with anything that involves lab work. The Administrative 

Assistant (AA) will focus on editing the final proposal and website as well as arranging the presentation. 

Table 1.1 - Projected Hours and Roles for FFFB Project 

Project Management: 

Meetings, Scheduling, 

Documentation    

Research: 

Site evaluation, 

neighborhood survey, 

codes/legal standards    

Analysis: 

Surveying, Geotechnical, 

Hydrological, Environmental    

Final Design: 

Final Proposals, Presentation, 

Website    

Task SENG ENG LAB AA 

Project Management 

-Meetings 

-Scheduling 

-Documentation 22 14 14 20 

Research 

-Site evaluation 

-Neighborhood survey 

-Codes/legal standards 15 65  10 

Analysis 

-Surveying 

-Geotechnical 

-Hydrological -

Environmental  220 80  

Final Design 

-Final Proposals 

-Presentation 

-Website 160 40  20 

Subtotal 197 339 94 50 

Total (hrs) 680 
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Table 1.2 - Final Hours for FFFB Project 

Task SENG ENG LAB AA 

Project Management 

-Meetings 

-Scheduling 

-Documentation 26 75 14 20 

Research 

-Site evaluation 

-Neighborhood survey 

-Codes/legal standards 25 75  10 

Analysis 

-Surveying 

-Geotechnical 

-Hydrological -

Environmental  121 80  

Final Design 

-Final Proposals 

-Presentation 

-Website 160 40  20 

Subtotal 211 311 94 50 

Total (hrs) 666 

 

Based on the estimated vs. actual total hours completed by each role of Runoff Engineering, Table 1.3 and 

Table 1.4, respectively, were generated in order to assess the cost of engineering services. The total cost, 

including overhead, software costs, and travel, totaled $68,282.00 for the estimated cost, and $69,122.00 for 

the actual cost.  Due to the nature of engineering services, and a difference less than 10% ($840.00 difference 

due to SENG hours), Runoff Engineering, Inc. came within an acceptable cost difference.   

Table 1.3 – Estimated Cost of Services 
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Table 1.4 - Actual Cost of Services 

 

Based on the hours completed, the following schedule, seen in Table 1.4, shows the project was completed 

on time, with one delay.  There was a week delay with the scheduled surveying of the property due to 

technical difficulties with software, however, the team had implemented one week of float between 

surveying and beginning the design alternatives section.  For this reason, the delay of the surveying did not 

affect any other scheduling of subsequent tasks, and no additional costs were incurred.  

Table 1.5 - Completed Schedule  

 

Dates Delayed

1.0 11/2/15 - 11/20/15 On Time

1.1 Interview Neighboring Companies

1.2 Observe Surrounding Drainage Conditions

2.0 1/25/16 - 2/15/16

2.1 Obtain Flagstaff City Drainage Codes

2.2 Obtain ADOT Drainage Codes for Near Highways

2.3 Obtain Property Right Information For Ownership

3.0 2/1/16 - 2/15/16

3.1 Surveying Property

3.2 Generate Topographic Maps of Property

4.0 2/22/16 - 4/11/16

4.1 Hydrologic and Hydraulic Modeling

4.2 Stormwater Runoff Evaluation

4.3 Geotechnical Constraints (Retaining Walls)

4.4 Economic Analysis

5.0 1/25/16 - 5/12/16

5.1 Project Schedule

5.2 Website

5.3 50% Design Report

5.4 Final Design Report

5.5 Final Presentation

Project Management

Items

Neighborhood Survey (Interviews)

Researching Permitt ing/Standards/Codes

Surveying

Design Alternatives
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2.0 Topographical Analysis 
A topographic survey was conducted on the FFFB property.  After conducting the survey, a topographic map 

was generated using AutoCAD Civil 3D.  The raw data points used in the creation of the topographic map can 

be found in Appendix A.  The topographic map can be seen in Figure 2.1.   

 

Figure 2.1 - Topographic Map of FFFB Property 

The topographic map aided in the analysis of natural flows of stormwater runoff, low points where ponding 

occurs, building locations and other permanent structures, potential cut/fill values for design alternatives, 

and slopes of the existing property for hydrological analysis.  From the topographic map, it was found that 

the slope in front of the main building contributes to the flooding issue, as can be seen from the topography 

of the landscape in Figure 2.1. This creates as a ponding area for the water to form between the slope and 

the office, causing damages to the property.  
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Figure 2.2 - Topographic Map with Critical Catchment/Ponding 

Figure 2.2 illustrates where the critical catchment, or ponding, areas are in regards to the existing topography 

of the site, highlighted in purple.  Additionally, the blue lines represent the natural path of the water given 

the existing topography of the site.  It can be seen that the natural catchment area would be where the FFFB 

building is located, with natural flows that stream from the road directly to the building. 
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3.0 Hydrological Analysis 
The City of Flagstaff Stormwater Management Design Manual was utilized to ensure the CoF standards and 

procedures for hydrologic analysis were adhered to.  From the design manual, the rational formula was 

implemented to calculate the flow on the FFFB property, and, the sheet flow travel time formula for the area 

in front of the building.  The precipitation data was gathered from NOAA Atlas 14 [1] and the evaluation of a 

10 year storm was conducted, per the City of Flagstaff Stormwater Management Design Manual. The 

following equations were used in the hydrologic calculations for the FFFB site: 

Equation 1 

 

Q = Maximum Rate of Runoff (ft3/s) 

C = Runoff Coefficient 

Ct = Antecedent Precipitation Factor 

I = Runoff Intensity (in/hr) 

A = Drainage Area Tributary to Design Location (acre) 

 

Equation 2: 

 

Tt = Sheet Flow Travel Time (hr) 

n = Mannings roughness coefficient 

L = flow length (ft) 

S = land slope (ft/ft) 

 
The runoff calculations encompass the entire property, and the sheet flow travel time is taken from the front 

of the property where the flooding occurs.  A coefficient of 0.825 for asphalt, 1.1 for the antecedent 

precipitation factor, a runoff intensity of 1.45 in/hr [1], and an area of 1.56 acres were utilized based off CoF 

recommendations. This yielded a runoff flow of 2.06 ft3/s. 

To calculate sheet flow travel time directly in front of the food bank the Manning’s Roughness Coefficient of 

0.011 was used, the length from the road to the front of the building was 40.3 ft, and from the topography 

obtained through surveying, a slope of 0.1 was found. This yielded a sheet flow travel time of 0.0065 hr, or 23 

sec, for the front of the FFFB property. 

The annual rainfall for the monsoon months of July and August was also tabulated, seen in Figure 3.1, using 

data from NOAA Atlas 14. Figure 3.1 indicates that the rainfall is significant during the years of 2013 and 

2014, with a slight dissipation in 2015. This same pattern can be expected to repeat in the years ahead. 

Additionally, rainfall in August has become more significant over the last 4 years, and this pattern is expected 

to repeat itself. 

 

𝑸 = 𝑪𝑪𝒕𝑰𝑨 

𝑻𝒕 =  [𝟎. 𝟎𝟎𝟕(𝒏𝑳)𝟎.𝟖/(𝟐. 𝟎)𝟎.𝟓𝑺𝟎.𝟒] 
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Figure 3.1 - NOAA Annual Rainfall for July and August 

With a known flow of 2.06 ft3/s coming into the property, Runoff Engineering was able to calculate and 

analyze different stormwater conveyance systems to alleviate the calculated incoming flow.  Because 

partially full flowing pipes is one of the most common means of flood remediation of a project of this scale, 

the team calculated pipe sizes that would be able to handle the incoming flow and divert the water off the 

property according to CoF codes and standards.  It was found that a pipe diameter of 12 inches with a design 

slope of 1% would be needed in order to achieve such results, see Appendix D for calculations.  Also from 

Appendix D are the factor of safety checks for potential retaining walls using an excel calculator based in the 

Terzaghi method.  While geotechnical analysis and subsequent retaining wall refinement is an exclusion for 

Runoff Engineering, Inc., the sizing of a retaining wall was needed in order to determine overall costs of the 

flood remediation designs.  Section 4.0 will discuss how this information will be used for design alternatives. 

4.0 Design Alternatives 
Design alternatives have been developed in order to assess the most effective solutions to alleviate the 

flooding on the FFFB property.  The main priority of the FFFB project is to eliminate the ponding and flooding 

that occurs near the front of the FFFB property.   Before a design alternative can be installed, the current 

slope at the front of the main office must be removed. This will be done by cutting out the current slope for a 

more favorable slope, in order to control the flow at the front of the property and to mitigate flooding. Once 

the surface is regraded, design alternatives can be employed. For these design alternatives, Runoff 

Engineering is proposing two designs: a commercial drain with retaining wall, and a valley gutter with a 

retaining wall. 

4.1 Commercial Drain with Retaining Wall Design Alternative 
The first design alternative analyzed was a commercial drainage system with retaining wall.  In order to 

compensate for the 4 foot cut in elevation, and to hold back East Huntington Drive, a retaining wall will be 

designed and installed at the northwest corridor of the FFFB property, along East Huntington Drive and the 

adjacent property. In order to divert water away from the main building, a commercial drainage system was 
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chosen specifically to handle demand flows calculated from the hydrological analysis.  The commercial drains 

will be provided by Zurn Industries, a third party engineering contractor that specializes in commercial 

drainage. From their extensive catalog, Runoff Engineering chose their model 8203 which will be able to 

handle a flow of 2.226 ft3/s, which exceeds the 2.06 ft3/s flow demand on site. Figure 4.1 shows the model 

8203 chosen for this design. Furthermore, the commercial drainage will have a 1.04% slope in order to direct 

water off site. Figure 4.1 illustrates the commercial drainage system design.  The highlighted region 

represents the area that will need to be regraded. It was calculated that approximately 300 cubic yards of soil 

would have to be removed. The Blue arrows in Figure 4.2 illustrates the path of the water after regrading and 

installation of the drainage system. It is important to note that the new driveway surface will have a 1% slope 

toward the commercial drain in order to divert water away from the building and into the drain. Water will 

enter the drain, then transfer from the drain to an underground pipe network, which will direct the water 

offsite. A final evaluation of this design is conducted in Section 5.0. 

 

Figure 4.1 - Cross Sectional View of Commercial Drain 
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Figure 4.2 - Plan View of Commercial Drain with Retaining Wall 

4.2 Valley Gutter with Retaining Wall Design Alternative 
The second design alternative analyzed was a valley gutter system with retaining wall. As with the previous 

design, a retaining wall will be installed at the northwest corridor of the FFFB property, along East Huntington 

Drive and the adjacent property, in order to compensate for the change in elevation and to hold back East 

Huntington Drive.  In order to divert water away from the main building, a valley gutter was designed 

specifically to handle demand flows calculated from the hydrological analysis.  The dimensions for the valley 

gutter were determined by calculating the cross sectional area based on the known demand discharge and 

velocity. The dimensions for the valley gutter are shown in Figure 4.3. The valley gutter will have a 1% slope 

in order to direct water off site. Figure 4.4 illustrates the plan view of the valley gutter and retaining wall 

design.  The highlighted region represents the area that will need to be regraded. It was calculated that 

approximately 300 cubic yards of soil would have to be removed. The blue arrows illustrate the path of the 

water after regrading and installation of the valley gutters. It is important to note that the new driveway 

surface will have a 1% slope toward the valley gutter in order to divert water away from the building and into 

the gutter. Water will enter the gutter and be directed offsite. A final evaluation of this design is conducted in 

Section 5.0. 
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Figure 4.3 - Cross Sectional View of Valley Gutter 

 

Figure 4.4 - Plan View of Commercial Drain and Retaining Wall Design 
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4.3 Recommendations to the City of Flagstaff  
A synopsis of recommendations intended for the CoF are addressed, which include: curb expansion and 

gutter, and the implementation of a new retention basin near the FFFB site.  These additional alternatives are 

addressed in order to benefit the entire area on Huntington Drive, because flooding is not only an issue on 

the FFFB property, but an issue for the neighboring properties. In the past, the CoF has developed 

recommendations and designs to resolve the flooding problem in regards to the FFFB.  For the past several 

years, flooding has been known to occur not only at the FFFB, but at the neighboring properties as well due 

to a local catch basin.  During high intensity rain events, the catch basin overflows with runoff along E. 

Huntington Rd.  Water accumulates around the catch basin and eventually spreads across the road and onto 

the neighboring properties.  In 2013, the Stormwater Project Manager addressed the concern the FFFB had 

about the flooding issue, seen in Appendix B.  Within this document the Stormwater Project Manager 

explains the source of the flooding issue and more importantly the recommendation to fix the problem. Since 

the flooding within the vicinity of the FFFB is shared with neighboring properties, it is a recommendation to 

the CoF that the catch basin be resized to fit the amount of runoff and that it be properly maintained by the 

CoF and to refer to the Standard Specifications and Details for the Public Works Construction [2] by the 

Maricopa Association of Government Specifications (MAG SPECS) for catch basin size and materials.  The 

details within the MAG SPECS are currently followed by the CoF, therefore specifications should be followed 

accordingly. Another CoF design recommendation is the design submitted by the stormwater division at the 

CoF.  Figure 4.5 illustrates the AutoCAD schematic that details the design. 

 

Figure 4.5 - Stormwater Division Detailed AutoCAD Drawing 
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5.0 Design Assessment 
The purpose of the FFFB project is to alleviate the flooding occurring. The client requested that more than 

one final design option be presented. In order to meet these demands and to ensure flexibility, Runoff 

Engineering did not select a final design. However, Runoff Engineering has further assessed the design 

options, in order to assist the client in selecting a design to best suit their needs. Figure 5.1 illustrates the 

benefits and disadvantages of each design alternative. 

Table 5.1 – Benefits vs. Disadvantages of Design Options 

 Pros and Cons of Design Alternatives  

Design Benefits Disadvantages 

Commercial Drain w/ Retaining 
Wall 

1. Meets conveyance 
2. Runoff is contained 
3. Long design lifespan 

1. Higher cost 
2. Maintenance 

Valley Gutter w/ Retaining Wall 1. Cost Efficient 
2. Meets and exceeds 

conveyance 

1. Shorter design lifespan 
2. Does not contain runoff 

efficiently 

 

Design option 1, commercial drain with retaining wall, is beneficial because it meets conveyance, it contains 

the runoff completely, and has a long design lifespan. However, this design trades performance and 

efficiency with cost and maintenance. Of the two design options, this design will be more expensive to 

implement and will require periodic maintenance to ensure peak performance. However, of the two options, 

this design will prove most effective in containing the flow and ensuring it is not disturbed by outside 

influences such as high volume traffic.  From Table 5.2 it can be seen that the overall cost of implementation 

will be $63,766.00.  Some of the larger costs are due to excavation, and the cost of materials for a 

commercial drainage system. 

Table 5.2 – Cost of Implementation of Design 1 

 

Task # Task Describtion Units Price/Unit Total

1 Excavation

Cut/Fill 8654 ft3 $2.54 per cub/ft $22,000

Repave 3904 ft2 $3.50 per sq/ft $13,000

2 Retaining Wall

Construction

Materials 30-40 per sq/ft

3 Drainage Pipes

Commerical 70 plf $5,600

Pipe 20 plf $5,800

4 Guard Rail

Construction 94.5 ft $39.00 per ft $3,666

TOTAL 63,766.00$     

Economic Analysis - Design 1

$13,700
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Design option 2, a valley gutter with a retaining wall, benefits the client because it is the more cost effective 

option of the two designs. Furthermore, the design meets and exceeds conveyance. Because the design is 

open channel and contains the water at the surface, it can handle a slightly larger flow than the commercial 

drain. However, this does not mean that it is as effective in handling the flow as design option 1. The FFFB is a 

high traffic area for semi auto trucks. Because the flow will be exposed at the surface, the traffic will disturb 

the flow and decrease the effectiveness of the valley gutter. Furthermore, the gutter itself will be made of 

concrete surrounded by asphalt. Over time, the weight from the semi-trucks driving over the gutter may 

cause the rigid concrete to counteract with the flexible asphalt, causing it to wear and crack, leading to a 

shorter design lifespan.  From Table 5.3 it can be seen that the cost of design option 2 is $7,800.00 cheaper 

than design option 1, with an overall cost of $55,966.00.  While both designs have the same costs for 

excavation, retaining wall, and guard rail, the majority of the savings is due to the constructability and cost of 

materials for valley gutters. 

Table 5.3 – Cost of Implementation of Design 2 

 

 

 

 

 

 

 

 

 

Task # Task Describtion Units Price/Unit Total

1 Excavation

Cut/Fill 8654 ft3 $2.54 per cub/ft $22,000

Repave 3904 ft2 $3.50 per sq/ft $13,000

2 Retaining Wall

Construction

Materials 30-40 per sq/ft

3 Valley Gutter

Construction

Materials 10 plf $3,600

4 Guard Rail

Construction 94.5 ft $39.00 per ft $3,666

TOTAL 55,966.00$ 

Economic Analysis - Design 2

$13,700
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7.0 Appendices 

Appendix A 
Point 

Number 
Easting Northing 

Point 
Elevation 

Point 
Number 

Easting Northing 
Point 

Elevation 

1 4889.7982' 4905.3326' 999.67' 100 4980.9166' 4953.5471' 997.91' 

2 4874.5987' 4923.9589' 1000.27' 101 4967.6675' 4943.4333' 997.60' 

3 4855.6199' 4945.4316' 999.39' 102 4954.8210' 4932.2607' 997.27' 

4 4867.1389' 4956.0142' 999.34' 103 4946.8736' 4925.5961' 997.19' 

5 4886.6275' 4935.8862' 1000.33' 104 4938.8894' 4919.4657' 997.25' 

6 4903.2144' 4917.8233' 999.65' 105 4930.9960' 4912.8782' 997.21' 

7 4911.6279' 4925.0884' 999.65' 106 4923.6836' 4905.9813' 997.20' 

8 4911.4861' 4925.3986' 1000.13' 107 4916.6513' 4899.3634' 997.53' 

9 4911.1824' 4925.7555' 999.63' 108 4909.8166' 4892.5716' 997.82' 

10 4895.5025' 4944.5548' 1000.39' 109 4906.2990' 4886.9196' 997.70' 

11 4876.1559' 4964.4333' 999.39' 110 4911.0537' 4881.4333' 996.89' 

12 4886.3078' 4973.9467' 999.53' 111 4919.3800' 4889.0025' 996.65' 

13 4903.7800' 4955.0895' 1000.51' 112 4926.3209' 4896.2652' 996.27' 

14 4920.9600' 4934.8865' 999.65' 113 4932.8770' 4902.3257' 996.27' 

15 4921.3754' 4934.7087' 1000.13' 114 4940.0166' 4909.9266' 996.23' 

16 4921.7092' 4934.4776' 999.73' 115 4947.6115' 4917.1254' 996.33' 

17 4931.5671' 4943.7221' 999.84' 116 4954.4982' 4923.2819' 996.38' 

18 4931.4709' 4943.9126' 1000.30' 117 4961.9866' 4929.8585' 996.45' 

19 4931.0661' 4944.2644' 999.81' 118 4968.9338' 4935.9745' 996.70' 

20 4913.2530' 4964.6656' 1000.49' 119 4980.3734' 4946.8714' 997.11' 

21 4896.3465' 4983.1888' 999.64' 120 4992.1734' 4957.6973' 997.62' 

22 4906.7995' 4993.0310' 999.64' 121 5003.3589' 4968.4611' 997.82' 

23 4924.9158' 4974.2076' 1000.51' 122 5014.6121' 4978.8085' 997.91' 

24 4942.3562' 4954.1983' 999.89' 123 5025.8852' 4989.6823' 997.56' 

25 4951.0729' 4962.3892' 1000.05' 124 5036.5280' 4999.6590' 997.37' 

26 4935.0180' 4980.9022' 1000.68' 125 5047.8108' 5008.9978' 997.16' 

27 4915.3840' 5001.0237' 999.72' 126 5052.0191' 5013.2017' 997.11' 

28 4926.2685' 5011.0833' 999.75' 127 5055.6462' 5008.6268' 996.73' 

29 4944.6686' 4992.7647' 1000.73' 128 5048.5974' 5001.8893' 996.71' 

30 4962.5436' 4973.1235' 1000.13' 129 5037.9554' 4991.9852' 996.83' 

31 4973.2453' 4982.9664' 1000.15' 130 5026.5541' 4981.2960' 997.02' 

32 4957.0582' 5000.4040' 1000.79' 131 5014.6415' 4970.0210' 997.52' 

33 4937.2482' 5021.4543' 999.95' 132 5001.8467' 4958.0529' 997.18' 

34 4948.1935' 5031.5403' 1000.01' 133 4994.8426' 4951.4748' 997.01' 

35 4967.2544' 5011.4959' 1001.02' 134 4985.7334' 4943.2783' 996.64' 

36 4983.5310' 4992.6647' 1000.24' 135 4979.0930' 4935.9038' 996.32' 
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37 4992.6621' 5001.6685' 1000.28' 136 4970.6876' 4928.3859' 995.90' 

38 4992.9553' 5001.4755' 1000.43' 137 4963.3377' 4921.9220' 995.75' 

39 4993.2072' 5001.3069' 1000.23' 138 4956.0635' 4915.0921' 995.65' 

40 4979.9893' 5016.9520' 1001.05' 139 4950.1184' 4909.6452' 995.56' 

41 4958.4383' 5041.1947' 1000.11' 140 4943.6389' 4903.6143' 995.55' 

42 4968.6089' 5050.6589' 1000.19' 141 4936.9942' 4897.3743' 995.38' 

43 4987.6206' 5031.2602' 1001.08' 142 4932.8210' 4893.5795' 995.59' 

44 5004.7007' 5012.9894' 1000.25' 143 4926.5138' 4887.0036' 995.75' 

45 5005.1120' 5012.7638' 1000.74' 144 4918.9785' 4879.9565' 996.29' 

46 5005.4088' 5012.6738' 1000.31' 145 4915.6580' 4876.4627' 996.39' 

47 5014.8614' 5021.4204' 1000.40' 146 4964.5325' 4911.1192' 995.76' 

48 5014.5320' 5021.5333' 1000.88' 147 4970.7844' 4904.1499' 995.57' 

49 5014.1157' 5021.8962' 1000.32' 148 4976.8103' 4898.1938' 995.60' 

50 4995.9659' 5038.8807' 1001.13' 149 4981.7872' 4893.1558' 995.57' 

51 4977.7039' 5059.0876' 1000.18' 150 4983.7110' 4903.6380' 995.58' 

52 4989.6261' 5070.1351' 1000.27' 151 4985.9017' 4895.0578' 995.75' 

53 5008.7023' 5049.4090' 1001.15' 152 4987.1241' 4908.2711' 995.48' 

54 5025.4231' 5032.5091' 1000.32' 153 4980.8693' 4902.0761' 995.55' 

55 5025.6464' 5032.1330' 1000.89' 154 4981.9184' 4913.4384' 995.38' 

56 5025.8996' 5031.8330' 1000.42' 155 4976.2253' 4907.6273' 995.51' 

57 5034.8770' 5040.1901' 1000.97' 156 4975.0978' 4920.6452' 995.11' 

58 5034.5884' 5040.3529' 1000.97' 157 4969.3857' 4914.6610' 995.45' 

59 5034.1683' 5040.7040' 1000.43' 158 4981.8582' 4925.7676' 995.29' 

60 5015.6116' 5058.4213' 1001.23' 159 4975.8810' 4931.4577' 995.95' 

61 4998.2048' 5078.0292' 1000.38' 160 4988.3423' 4931.1675' 995.67' 

62 5039.0517' 5033.8624' 1000.85' 161 4988.2238' 4931.9224' 995.76' 

63 5028.4466' 5023.7089' 999.91' 162 4993.4404' 4924.4123' 995.04' 

64 5017.4203' 5013.1556' 999.68' 163 4995.1665' 4939.2823' 996.11' 

65 5006.6592' 5002.3625' 999.72' 164 5001.9263' 4931.5683' 995.46' 

66 4995.8062' 4992.3090' 999.74' 165 5001.6519' 4945.4087' 996.35' 

67 4983.7358' 4981.0856' 999.66' 166 5009.5698' 4937.5211' 995.66' 

68 4971.8126' 4969.5027' 999.55' 167 5009.4119' 4951.9096' 996.60' 

69 4960.3174' 4958.0574' 999.48' 168 5016.9799' 4943.9609' 995.82' 

70 4947.8449' 4947.3573' 999.26' 169 5016.0981' 4958.5917' 996.79' 

71 4936.2667' 4936.1215' 999.09' 170 5023.7239' 4950.2988' 995.96' 

72 4925.0524' 4923.3957' 998.79' 171 5023.3811' 4964.4413' 996.72' 

73 4913.2733' 4913.0294' 998.87' 172 5030.7267' 4956.4710' 996.11' 

74 4900.6668' 4901.6161' 999.09' 173 5030.9320' 4970.4278' 996.89' 

75 4895.7893' 4898.3251' 999.20' 174 5037.7283' 4963.5643' 996.24' 

76 4901.4699' 4892.8653' 998.80' 175 5043.3418' 4957.7249' 996.01' 

77 4908.1183' 4898.3574' 998.22' 176 5035.7488' 4950.7180' 995.69' 
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78 4914.1304' 4903.3162' 998.01' 177 5029.2427' 4944.3039' 995.56' 

79 4920.8525' 4910.0713' 997.89' 178 5022.6008' 4937.5089' 995.33' 

80 4927.0308' 4916.4972' 997.97' 179 5015.7713' 4930.9925' 995.27' 

81 4933.8035' 4923.4198' 998.03' 180 5009.3247' 4924.6595' 994.87' 

82 4940.6587' 4930.1167' 998.14' 181 5003.0524' 4918.1082' 994.91' 

83 4946.1724' 4935.8857' 998.33' 182 5008.4029' 4912.2855' 995.07' 

84 4951.0049' 4942.8955' 998.73' 183 4998.9249' 4909.8732' 995.36' 

85 4958.3114' 4950.2172' 998.89' 184 5003.2850' 4906.5744' 995.48' 

86 4970.5757' 4960.5544' 998.86' 185 5027.6815' 4978.3966' 997.10' 

87 4982.7692' 4970.7869' 999.14' 186 5043.0492' 4992.7219' 996.86' 

88 4994.7428' 4980.1901' 999.11' 187 5038.5419' 4966.9590' 996.58' 

89 5006.6433' 4990.4917' 999.07' 188 5058.4734' 5007.3882' 996.79' 

90 5018.6041' 5000.7372' 998.73' 189 5055.9989' 4948.3406' 995.82' 

91 5030.1667' 5010.9119' 998.71' 190 4959.5526' 4912.9302' 995.71' 

92 5042.1142' 5023.8027' 998.85' 191 5079.4832' 4923.0909' 995.62' 

93 5046.1624' 5027.1284' 999.35' 192 4947.0385' 4901.3598' 995.77' 

94 5051.6265' 5020.6563' 997.82' 193 5099.7416' 4901.4549' 995.45' 

95 5041.1225' 5009.8525' 997.76' 194 4934.8352' 4889.9224' 995.55' 

96 5029.4546' 4998.2343' 997.78' 195 5016.3257' 4887.9382' 995.79' 

97 5017.8739' 4986.6380' 998.07' 196 5035.7783' 4867.3094' 995.79' 

98 5005.3415' 4975.3695' 998.19' 197 5055.3744' 4846.2142' 995.34' 

99 4993.4007' 4964.1415' 998.08' 198 5069.3032' 4858.3079' 993.52' 

Point 
Number 

Easting Northing 
Point 

Elevation 
199 5076.2498' 4864.9230' 992.84' 

200 5071.5275' 4842.7740' 994.53' 
Point 

Number 
Easting Northing 

Point 
Elevation 

201 5082.1843' 4870.5672' 992.40' 300 5204.7992' 4779.6373' 991.43' 

202 5079.7249' 4850.6096' 993.35' 301 5187.6848' 4763.3793' 989.79' 

203 5089.6542' 4860.0057' 992.31' 302 5162.0364' 4743.5745' 990.36' 

204 4985.9426' 4918.3576' 995.08' 303 5136.3662' 4721.7417' 990.01' 

205 4993.5059' 4909.6804' 995.47' 304 5111.1172' 4704.5679' 991.02' 

206 5047.5381' 4947.7613' 995.14' 305 5085.8233' 4695.9644' 991.45' 

207 5053.2133' 4938.6889' 994.75' 306 5066.6619' 4716.3371' 991.57' 

208 5058.3012' 4931.0334' 994.40' 307 5054.0376' 4730.4053' 992.48' 

209 5062.8990' 4934.5650' 995.12' 308 5037.2355' 4746.2729' 993.59' 

210 5063.2325' 4923.1788' 994.00' 309 5022.8316' 4761.7752' 994.80' 

211 5068.4067' 4928.2214' 994.98' 310 5013.4728' 4772.9800' 995.01' 

212 5068.0933' 4915.7027' 993.62' 311 5035.4119' 4793.9887' 995.19' 

213 5074.4303' 4920.9663' 994.88' 312 5057.0922' 4814.3441' 995.50' 

214 5073.6576' 4907.0623' 993.26' 313 5093.7679' 4857.1902' 992.14' 

215 5080.2663' 4912.0069' 994.47' 314 5101.9815' 4864.1823' 991.73' 
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216 5079.2636' 4898.3184' 992.81' 315 5109.1622' 4870.1109' 991.85' 

217 5086.6371' 4904.4243' 994.42' 316 5116.8411' 4862.4493' 991.67' 

218 5085.9706' 4887.9830' 992.43' 317 5109.5806' 4855.6465' 991.42' 

219 5093.7362' 4895.3811' 994.06' 318 5101.4689' 4847.4528' 992.20' 

220 5078.3924' 4881.9350' 992.49' 319 5107.6669' 4839.2682' 992.11' 

221 5076.6068' 4888.3216' 992.57' 320 5116.6889' 4846.2665' 991.23' 

222 5071.9339' 4878.5339' 992.82' 321 5125.1454' 4852.1596' 991.44' 

223 5063.9272' 4872.4558' 993.55' 322 5132.0895' 4844.0139' 991.24' 

224 5057.0374' 4864.7169' 994.61' 323 5124.9481' 4836.8132' 991.07' 

225 5051.1290' 4859.7246' 995.23' 324 5116.4203' 4829.4231' 991.84' 

226 5041.2044' 4865.8541' 995.55' 325 5123.3111' 4821.6274' 991.55' 

227 5043.8072' 4875.7079' 995.07' 326 5131.6563' 4828.6329' 990.87' 

228 5052.7705' 4878.2889' 994.23' 327 5140.0606' 4834.4999' 991.10' 

229 5059.6205' 4884.3906' 993.46' 328 5145.5396' 4828.3174' 990.95' 

230 5066.7572' 4891.3398' 992.90' 329 5138.2403' 4820.8464' 990.65' 

231 5072.4291' 4896.8743' 992.63' 330 5130.3000' 4812.6822' 991.17' 

232 5068.8719' 4906.7120' 993.18' 331 5136.8767' 4804.4377' 991.02' 

233 5063.1847' 4901.8255' 993.00' 332 5145.7921' 4811.7162' 990.52' 

234 5057.0406' 4895.8188' 993.37' 333 5153.7400' 4803.0621' 990.36' 

235 5051.3399' 4889.1439' 993.82' 334 5144.1428' 4796.1909' 990.75' 

236 5044.2344' 4882.5059' 994.69' 335 5163.1411' 4810.6179' 990.77' 

237 5037.3240' 4877.1300' 995.40' 336 5171.3833' 4801.3020' 990.75' 

238 5025.5455' 4882.6183' 995.74' 337 5162.1474' 4793.4478' 990.18' 

239 5030.7940' 4889.6561' 995.29' 338 5152.8654' 4785.8871' 990.55' 

240 5037.6236' 4895.2648' 994.61' 339 5161.9835' 4776.3667' 990.40' 

241 5045.0197' 4899.8391' 993.92' 340 5170.4997' 4782.8107' 989.98' 

242 5052.5247' 4906.2953' 993.54' 341 5174.8635' 4787.6972' 990.37' 

243 5059.2393' 4910.7482' 993.45' 342 5181.9755' 4777.5106' 990.19' 

244 5057.3385' 4923.1171' 994.01' 343 5177.2784' 4773.9858' 989.83' 

245 5050.6509' 4917.5155' 993.85' 344 5170.0158' 4767.3733' 990.22' 

246 5043.8115' 4910.8429' 993.80' 345 5176.8324' 4759.9827' 990.03' 

247 5035.8679' 4905.3279' 994.28' 346 5184.7735' 4765.2428' 989.72' 

248 5031.3129' 4899.7052' 994.81' 347 5188.0583' 4768.7668' 989.90' 

249 5028.0767' 4891.3697' 995.31' 348 5185.7720' 4762.5770' 989.60' 

250 5020.4389' 4889.0149' 995.73' 349 5148.2125' 4748.4387' 991.05' 

251 5020.8903' 4900.0031' 995.22' 350 5124.7305' 4772.1723' 991.64' 

252 5014.1880' 4895.6333' 995.70' 351 5107.3847' 4788.5783' 992.63' 

253 5027.5978' 4906.0790' 994.61' 352 5092.8372' 4807.0750' 993.80' 

254 5035.2386' 4912.0144' 994.17' 353 5095.1018' 4825.7879' 993.49' 

255 5043.4600' 4915.7274' 993.90' 354 5087.0592' 4839.3901' 993.64' 

256 5050.6559' 4921.8971' 994.09' 355 5071.8821' 4796.7166' 994.63' 
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257 5058.4439' 4926.0817' 994.08' 356 5094.2367' 4773.9411' 992.62' 

258 5044.4779' 4928.9659' 994.51' 357 5117.3770' 4749.7808' 991.57' 

259 5052.8729' 4934.3793' 994.56' 358 5095.3168' 4725.4516' 991.80' 

260 5037.5866' 4921.9102' 994.34' 359 5073.2187' 4748.3964' 992.66' 

261 5031.3026' 4915.1819' 994.18' 360 5051.8018' 4769.4729' 994.26' 

262 5024.2698' 4908.0786' 994.73' 361 5030.1290' 4777.1966' 995.22' 

263 5015.5951' 4904.1974' 995.17' 362 5108.4781' 4795.5391' 992.65' 

264 5010.6031' 4899.4217' 995.67' 363 5115.9226' 4810.2790' 992.21' 

265 5005.5486' 4905.4823' 995.50' 364 5113.2267' 4825.8763' 992.18' 

266 5009.9110' 4909.3599' 995.05' 365 5102.5183' 4842.7308' 992.29' 

267 5016.1323' 4915.3080' 994.83' 366 5111.3632' 4879.9553' 992.08' 

268 5021.7701' 4919.5254' 994.35' 367 5134.8236' 4899.5997' 992.55' 

269 5028.8412' 4926.3319' 994.67' 368 5158.7051' 4876.0141' 991.89' 

270 5037.1439' 4932.2291' 994.75' 369 5135.7990' 4854.0867' 991.45' 

271 5044.1716' 4940.6911' 995.01' 370 5156.4397' 4831.1281' 991.10' 

272 4956.9170' 4866.3119' 995.60' 371 5180.1447' 4852.1033' 991.57' 

273 4946.1950' 4877.3747' 995.32' 372 5199.3530' 4825.7976' 991.85' 

274 4948.7154' 4858.5247' 995.71' 373 5180.4076' 4804.5054' 990.89' 

275 4935.4650' 4888.9243' 995.30' 374 5193.4120' 4790.7946' 990.80' 

276 4940.1541' 4850.6480' 995.59' 375 5215.5618' 4812.1378' 991.63' 

277 4928.2246' 4883.5620' 995.39' 376 5230.8854' 4822.3096' 992.44' 

278 4922.3820' 4877.9009' 995.77' 377 5237.8485' 4816.0151' 993.45' 

279 4918.4876' 4874.1171' 995.96' 378 5230.6353' 4812.3490' 991.78' 

280 4924.5239' 4867.4838' 995.25' 379 4999.9580' 5021.1470' 1002.34' 

281 4929.3525' 4862.3759' 995.09' 380 5000.0000' 5000.0000' 1000.00' 

282 4934.5782' 4856.6999' 995.18' 381 4901.9139' 4905.0865' 999.06' 

283 4940.4613' 4861.2388' 995.39' 382 5155.2624' 4816.0813' 990.74' 

284 4945.6938' 4865.6148' 995.52'     

285 4942.0150' 4870.5737' 995.31'     

286 4936.5868' 4865.8460' 995.19'     

287 4931.0650' 4871.5764' 995.17'     

288 4935.8767' 4878.1732' 995.22'     

289 4932.7660' 4881.9862' 995.32'     

290 4915.8503' 4878.5492' 996.39'     

291 5115.8177' 4914.9994' 993.88'     

292 5131.3045' 4929.6891' 994.36'     

293 5135.8265' 4932.8528' 993.23'     

294 5156.9065' 4910.3920' 993.10'     

295 5178.0095' 4887.8250' 993.17'     

296 5200.8811' 4863.2176' 993.22'     

297 5224.5676' 4837.8776' 993.26'     
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298 5245.4991' 4815.4490' 994.99'     

299 5221.7144' 4794.9074' 992.24'     
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Title 13 
ENGINEERING DESIGN STANDARDS AND SPECIFICATIONS FOR 
NEW INFRASTRUCTURE 

According to 13-08-001-0001 Stormwater Management 

The design and construction of all public and private stormwater management facilities shall be 
in accordance with these regulations and with the City of Flagstaff Stormwater Management 
Design Manual and these Standards. In the event of a conflict, the more stringent regulation 
shall apply. 

 

City of Flagstaff Stormwater Management Design Manual (2000) 

Criteria That affects Design Based on Design Manual 

 Chapter 2 Drainage Reports and Plans - presents criteria for submittals of drainage 
reports, floodplain studies, grading and drainage plans, and public drainage improvement 
plans. 

o 2.1 Drainage Report Requirements 
 2.1.3 Drainage Report Content and Format 

o 2.3 Grading and Drainage Plans 
 2.3.1 Grading and Drainage Plan Requirements 

o 2.4 Public Improvement Plans - Drainage Facilities 

 

 Chapter 3: Hydrology - provides an overview of urban hydrologic methods and 
procedures which is intended to provide the design engineer with guidance to the 
methods and procedures, their data requirements, and their applicability and limitations. 

o 3.3 HEC-1 METHOD 

 

 Chapter 5: Culverts - present policies and criteria for the design and construction of 
roadway culverts, which is based on FHWA (Federal Highway Administration) Hydraulic 
Design Series No. 5 (HDS-5), Hydraulic Design of Highway Culverts, 1985. 

o 5.1 Policies 
o 5.2 Culvert Design Criteria 

 5.2.1 Design Storm Criteria 
 5.2.3 Headwater and Tailwater Conditions 
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 5.2.4 Inlet and Outlet Treatment 
 5.2.5 Culvert Material and Installation 

o 5.3 Culvert Design Procedure 

 

 Chapter 6: Pavement Drainage - presents design criteria and procedures, street 
drainage requires consideration of surface drainage, gutter flow, and drainage inlet 
capacity.  The design of these components is dependent upon the design frequency and 
the allowable spread of stormwater on the pavement surface. 

Effective drainage of urban streets is essential to the maintenance of roadway service 
levels and traffic safety.  Water on streets can interrupt traffic, reduce skid resistance, 
increase the potential for hydroplaning, limit visibility due to splash and spray, cause 
difficulty in steering a vehicle, and cause a nuisance and possible hazard to pedestrian 
traffic. 

o 6.1 Policies 
o 6.2 Street and Gutter Drainage 

 6.2.1 Design Frequency and Allowable Spread 
 6.2.2 Longitudinal and Transverse Slope 
 6.2.3 Gutter Flow 
 6.2.4 Curb and Gutter Terminations 
 6.2.5 Rural Street Drainage and Roadside Channels 

o 6.3 Drainage Inlets 
 6.3.1 Inlet Types 
 6.3.2 Allowable Spread and Flow Depth 
 6.3.3 Inlet Locations 
 6.3.4 Grate Inlets 
 6.3.5 Curb Opening Inlets 
 6.3.6 Combination Inlets 
 6.3.7 Slotted Drain Inlets 
 6.3.9 Inlet Clogging 

o 6.4 Inlet Spacing Procedure on Continuous Grade 

 

 Chapter 7: Storm Drains - presents policies and criteria for the design and construction 
of public storm drain systems, while private storm drain systems should also be designed 
in accordance with this chapter to ensure continuity with public systems.  Procedures for 
sizing storm drains and computing the energy losses and hydraulic grade line through a 
storm drain system are also presented. 
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Storm drains are generally that portion of roadway drainage system that are design to 
collect surface water through drainage inlets and convey the water through closed 
conduits to an outfall. 

o 7.1 Policies 
o 7.2 Storm Drain Design Criteria 

 7.2.1 Design Velocity and Slope 
 7.2.2 Alignment 
 7.2.3 Storm Drain Conduit Size 
 7.2.4 Storm Drain Conduit 
 7.2.5 Separation Requirements 
 7.2.6 Storm Drain Outfalls 

o 7.4 Maintenance Considerations 
o 7.5 Storm Drain Hydraulics 

 7.5.1 Open Channel vs. Pressure Flow 
 7.5.2 Hydraulic Capacity 

o 7.7 Hydraulic Grade Line Evaluation 
 7.7.1 Open Channel Flow 
 7.7.2 Energy Losses 
 7.7.3 Controlling Water Surface Elevation 
 7.7.4 Hydraulic Grade Line Evaluation Procedure 

 

 Chapter 8: Storage and Detention Facilities - provides policies for storage and 
detention facilities.  In the absence of regional detention facilities and due to inadequate 
downstream capacities of existing streets, storm drain systems or channels, local on-site 
or sub-regional detention facilities are necessary to attenuate the increased runoff 
caused by development. 

Urbanization and other land development activities, including construction of roads, 
changes natural pervious areas into impervious, altered surfaces.  In addition, natural 
drainage systems are often replaced by lined channels, storm drains, and curbed streets.  
The result of such activities is an increase in the volume of runoff, peak discharge rates, 
erosion, and non-point source pollution due to the reduction in infiltration and natural 
vegetation. The temporary storage of stormwater runoff can reduce the extent of 
downstream flooding, soil erosion, sedimentation, and surface water pollution.  Detention 
facilities can also be used to reduce the costs associated with large storm drain systems. 

o 8.1 Policies 
o 8.3 Detention Volume Estimation 
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 Chapter 10: Erosion and Sediment Control - presents criteria that represents the 
minimum requirements necessary for controlling erosion and sedimentation from 
construction activities. 

o 10.1 Policies 
o 10.2 General Guidelines 
o 10.3 Design Criteria 

 10.3.1 Stabilization 
 10.3.2 Protection of Adjacent Property 
 10.3.5 Vegetative Cover 
 10.3.6 Storm Water Pollution Prevention Plans 

 

 Chapter 11 Energy Dissipaters - presents information and design procedures which are 

based on FHQA, HEC-14, Hydraulic Design of Energy Dissipaters for Culverts and 
Channels. 

In general, an energy dissipater is any device designed to protect downstream areas from 
erosion by reducing the velocity of flow to acceptable limits.  High exit velocities and flow 
expansion turbulence at conduit outlets often result in local scour, channel degradation, 
and conduit failure.  Typical rock riprap aprons may be appropriate where moderate 
outlet velocities exist, however, they are not suitable for outlet velocities exceeding ten 
feet per second.  Riprap basins or concrete energy dissipaters may be required to reduce 
high velocity outlet flows to acceptable limits. 

o 11.1 General 
o 11.2 Dissipater Type Selection 
o 11.3 Conduit Outlet Structures 
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