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I. Introduction 
The purpose of this drainage report is to describe the proposed drainage design of QuikTrip Aurora 4245.  This report aims to 

provide the City with adequate data and descriptions to convey that the proposed development for this project site is in general 

conformance with City of Aurora drainage criteria as well as the “Final Drainage Report for Aurora Town Center Subdivision Filing 

No. 1 – Phase 1 A” completed by V3 Consultants January 8, 2002.  This master drainage report will be herein referenced as 

Master Report. 

A. Location 
The proposed development is described as Lot 1, Block 1 of Lowry Credit Union Filing No. 1 and is located at 14305 E Alameda 

Ave, Aurora, CO 80012.   

 

The project site currently houses a Westerra Credit Union building and is fully developed with utilities, parking facilities and 

landscaping, making up 1.57 acres of land.  The site is located within the City of Aurora and is located at the northeast corner of 

Alameda Ave and Crystal St. Refer to Appendix A for the vicinity map. 

 

B. Proposed Development 

The proposed development will consist of a QuikTrip convenience store and fueling stations.  The site will be developed to 

provide adequate parking and pedestrian movement, as well as serve as a convenient location for patrons to fuel up on gas and 

treats.  The proposed development will generally match current flow patterns and will consist of concrete for the parking lot/drive 

areas, landscape areas, and roof for the convenience store/fueling canopy structure. 

 

The goal of this development is to completely demolish and remove the existing building and associated infrastructure and 

replace it with a new Quiktrip gas station.  In addition to a new building, the site will also include parking.  

 

According to the NRCS website, the site consists of predominantly Type C (100%) soils.  According to the NRCS, the Type C soils 

are classified as Fondis Silt Loam.   

 

See Appendix B for NRCS soils data. 

 

II. Historic Drainage 

A. Overall Basin Description 
In assuring that existing drainage patterns will generally be maintained, the “Final Drainage Report for Aurora Town Center 

Subdivision Filing No. 1 – Phase 1 A” completed by V3 Consultants January 8, 2002 was referenced.  See Appendix B for relevant 

references. This historic basin routes flows to a central detention basin, where both water quality and detention are provided. 

The proposed site will maintain this drainage pattern. 

 

The proposed development is not affected by any mapped floodplains. The property is in Flood Zone X according to FEMA Flood 

Insurance Rate Map Number 08001CO331H effective March 5, 2007. Refer to Appendix B for the Flood Insurance Rate Map. 

 

B. Drainage Pattern Through Property 

Master Basins: 

There is one master basin (Basin SB 8) that will be affected with this proposed development.  This master basin will be herein 

referenced in italics. 
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Basin SB 8 (1.6 Acres) produces 12.1 cfs in the 100-yr storm event and encompasses the vast majority of the existing lot 

development.  The basin was planned for general commercial and was granted an assumed maximum allowable flow of 5.9 cfs 

(5-yr) and 12.1 cfs (100-yr).  Flows are conveyed towards the northeast corner of the lot to a Type C inlet (Design Point 8) where 

they enter the subdivision storm sewer system and are conveyed northeast to the subdivision detention/water quality pond 

(Design Point 2).  The subdivision storm sewer system was sized to accommodate the 5-year flow while flows in excess of the 5-

year are expected to make their way to the subdivision detention/water quality pond overland through various, adjacent parking 

lots and local drainage facilities. 

 

MASTER BASIN CALCULATIONS (Town Center Phase 1 A Master Report)  
DESIGN POINT BASIN AREA Imperviousness % tc C2 C100 Q5 Q100  

SB 8 8 1.60 75.5%       2.60 8.1  

 

 

    C.  Outfalls Downstream from Property 

Flows are conveyed overland to a concrete valley pan that borders the parking.  Once within the pan, flows are carried south to 

a Single Type 13 Combination inlet (Design Point A1).  Flows enter the on-site storm sewer system and are conveyed to the on-

site flow discharge point (Design Point A2, Design Point 8) where they join flows from the subdivision storm sewer system. 

 
 

III. Drainage Design Criteria  

A. List References 

Mile High Flood District’s Urban Storm Drainage Criteria Manual (USDCM), and the City of Aurora Storm Drainage Criteria, as well 

as good engineering practices have been used to calculate the stormwater runoff to design the stormwater facilities for this site.  

 

B. Hydrological Criteria 

The 5-year (minor) and 100-year (major) design storms were used for the developed discharge, as indicated in the City of Aurora 

Storm Drainage Criteria.  The City of Aurora’s one-hour point rainfall values were used to obtain rainfall data for each storm 

specified.  Refer to Appendix B for these reference values. 

 

As the site basins are relatively small, the Rational Method (MHFD’s UD-Rational v.2.00) has been used to calculate developed 

stormwater runoff for the purpose of sizing inlets, swales and storm pipes.   

 

Impervious values for each basin were calculated from the expected uses and taken from Table 6-3 in Chapter 6 of the UDFCD 

Volume 1, Management, Hydrology, and Hydraulics.  Rational Method “C” values were taken from SDDTC Table 1 for C values.   

 

C. Hydraulic Criteria 

Stormwater structures (inlets, swales, storm pipes) have been designed for the proposed site.  These have been designed using 

techniques developed or adopted by the City of Brighton and were sized to capture and convey the major events.  

 

Internal inlets have been sized using MHFD’s UD-Inlet v5.02 spreadsheet program.   

 

The storm sewer system will be hydraulically analyzed for the Final Drainage Report using Autodesk Storm and Sanitary Analysis 

(SSA) software.    

 

Do not provide model of inlet at PD stage (this will be
determined, reviewed and approved at Civil Plan stage)

Only specify inlets as "grate", "curb opening", etc.

Provide EDN (Engineering Design Number) for Master Report

Comment addressed.
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IV. Drainage Plan 

A. General Concept 

The proposed development has been divided into two on-site sub-basins that will be routed to the existing subdivision detention 

pond and three on-site sub-basins that will discharge off-site without being treated for water quality.  Each of the five basins 

represent a specific discharge point.  The on-site sub-basins for the proposed development were determined and routed to 

establish key stormwater discharge points within the development. 

 

In general, historic flow patterns will be maintained and the existing water quality will be maintained.  

 

Due to site constraints including grade and the fact that the existing site sent runoff off-site without first being treated for water 

quality, there are three, small sub-basins that will directly discharge developed runoff to adjacent areas.  These areas will mostly 

discharge landscaped areas just as they do today but will also include small, paved areas.  Please see below for further 

discussions regarding this topic. 

 

B. Specific Details 

On-Site Basins 

There are five proposed basins that were delineated for the proposed development.  They are broken into two main categories.  

A Basins (on-site) and H Basins (off-site / matching historic patterns). 

 

Basins-A 

A Basins: (1.30 Acres) produce 9.0 cfs in the 100-yr storm event. 

There are a total of 2 sub-basins that make up the A Basins (A1-A2).  Each of these basins delineates on-site development whose 

storm flow is ultimately conveyed to Design Point A2 for the proposed development is the same design point as the master 

subdivision's Design Point 8. 

 

Basin A1 (0.19 Acres) produces 1.2 cfs in the 100-yr storm event.  This basin makes up the southwestern portion of the site and 

includes the landscape area and the westernmost parking/drive aisle.  Flows are conveyed overland to a concrete valley pan that 

borders the parking.  Once within the pan, flows are carried south to a Single Type 13 Combination inlet (Design Point A1).  

Flows enter the on-site storm sewer system and are conveyed to the on-site flow discharge point (Design Point A2, Design Point 

8) where they join flows from the subdivision storm sewer system. 

 

Basin A2 (1.11 Acres) produces 7.8 cfs in the 100-yr storm event.  This basin makes up the majority of the site and includes 

convenience store, parking, drive aisle, and fueling canopy flows.  Convenience store flows are captured exclusively via roof 

drains which conveys the flows to the on-site storm sewer system.  This system ultimately discharges captured flows into the 

existing Type C inlet (Design Point A2, Design Point 8).  The remaining flows are conveyed overland to the perimeter curb & gutter 

where they are carried north to and through a 2’ curb cut and associated flume to the existing Type C inlet (Design Point A2, 

Design Point 8).  Flows join flows from the subdivision storm sewer system. 

 

Basins-H (Historic Basins) 

There are a total of 3 sub-basins that make up the H Basins (H1-H3).  Each of these basins delineates off-site flow that cannot, 

and is not intended to be conveyed to any of the on-site design points as described above.  These basins are discharged to 



QuikTrip NO. 4245 

 

Lamp Rynearson    P | 6 

Master Report design points Design Point 2 (Subdivision Detention Pond) or Design Point 7 (Sable Blvd ROW) due to existing basin 

bounds/site grading constraints.   

 

Basin H1 (0.08 Acres) produces 0.3 cfs in the 100-yr storm event (0.03 cfs in the 5-yr storm).  This basin makes up the southern 

portion of the site and includes a very small portion of landscaping needed to provide a transitional zone for grading as well as 

the connecting sidewalk from the proposed site to the Alameda Ave. ROW.  The negligible flows are conveyed overland to 

Alameda Ave. ROW (Design Point H1) and likely evaporate or infiltrate prior to becoming a nuisance by the neighboring property.  

It should be noted that the existing credit union use also had a small amount of flows discharging into Alameda Ave. ROW so 

historic drainage patterns are being maintained.  Once within Alameda Ave. ROW flows are conveyed east until they are met by 

Sable Blvd. ROW (Design Point 7). 

 

Basin H2 (0.14 Acres) produces 0.5 cfs in the 100-yr storm event (0.08 cfs in the 5-yr storm).  This basin makes up the northern 

portion of the site and includes a small portion of landscaping needed to provide a transitional zone for grading as well as a 

small portion of the northern access point.  Flows are conveyed overland to the northern property line (Design Point H2), where 

the flows are then carried either overland or via the storm drain system to the subdivision detention pond (Design Point 2).   This 

portion of the site is not conveyed to the on-site system in an effort to maintain the Master Report boundary and flow patterns. 

 

Basin H3 (0.07 Acres) produces 0.4 cfs in the 100-yr storm event (0.13 cfs in the 5-yr storm).  This basin makes up the eastern 

portion of the property and includes a very small portion of landscaping needed to provide a transitional zone for grading as well 

as a number of the neighboring property’s parking stalls. Flows are conveyed overland to the eastern property line (Design Point 

H3) where the flows enter into the neighboring property and are conveyed east eventually being discharged into Sable Blvd ROW 

(Design Point 7), matching existing drainage patterns.   This portion of the site is not conveyed to the on-site system in an effort 

to maintain the Master Report boundary and flow patterns. 

 
 

C. Rational Method Results 
The runoff from proposed sub-basins was calculated using the rational method to accurately determine sizing of the stormwater 

infrastructure (inlets, storm pipe, and channels):  The 5-year and 100-year criteria were used for the minor and major storm 

events.  The results of the Rational Method analysis for the developed conditions are shown in the table below (see Appendix C 

for detailed rational method calculations): 

 

DEVELOPED BASIN CALCULATIONS  
DESIGN POINT BASIN AREA Imperviousness % tc C5 C100 Q5 Q100  

A BASINS  
A1 A1 0.19 75%          5.0  0.65 0.79 0.5 1.2  

A2 A2 1.11 90%          5.0  0.77 0.85 3.3 7.8  

Total A A2 1.30 89%       3.8 9.0  

H BASINS  
H1 H1 0.08 13%        10.0  0.14 0.54 0.0 0.3  

H2 H2 0.14 19%        10.0  0.19 0.56 0.1 0.5  

H3 H3 0.08 46%          5.0  0.41 0.67 0.1 0.4  

Total H - 0.30 16%       0.2 1.2  

ENTIRE SITE  

Total Comp Site 1.52 79%          5.8  0.68 0.81 3.9 9.7 * 

*A1, A2, H2, H3 (To match Master Basin SB bounds for proper comparison)     
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D. Storm Sewer System Design 

The storm sewer system consists of one (1) system.  Both systems were sized to convey the minor storm (5-year storm) flows 

without surcharging the inlets and manholes.  

Inlets were sized using Mile High Flood District’s MHFD-Inlet v5.02.   

Autodesk Storm and Sanitary Analysis 2022 software (SSA) will be used for flow routing and storm sewer pipe sizing at the time 

of the second submittal.  The flows from UD-Rational will be input into SSA as flow hydrographs with peaks occurring at time of 

concentration (tc) and storm duration of 3*tc.  These assumptions are conservative in nature as peak flows for sites like these 

tend to occur around 30 minutes on a typical storm hydrograph.  The average computed tc for the site is 9 minutes thus, 3*tc is 

relatively close to 30 minutes.  The applied storm hydrograph results in higher peak flows and thus add a level of 

conservativeness to the storm system as a whole.   

DETENTION/COMPARISON TO MASTER REPORT  

It’s understood that detention has been fully accounted for for both on and off-site basins.  A comparison utilizing the proposed 

basin flows being conveyed to the pond vs. the Master Report shows that the routed flows is lower for the proposed development 

than what is allowed for the Master Report.   

 

The Master Report displays a need to be at, or under 5.9 cfs (5-yr) and 12.1 cfs (100-yr).  The proposed development plans to 

only convey 3.9 cfs (5-yr) and 9.7 cfs (100-yr).  As is such, flows will be less impactful, which will aid in the detention/water 

quality pond’s ability to safely attenuate flows. See Appendix C for full calculations. 

 

EROSION & SEDIMENT CONTROL 

During construction, land grading activates will be minimized and BMP’s will be installed to minimize the transport of sediment 

offsite.   Once the site is considered established, then BMP’s will be removed and the established vegetation will provide 

permanent sediment and erosion control.  

 

V. Conclusions 

When developed, the site’s runoff will be the same as the existing credit union site.  The proposed channels, drive lanes, and 

stormwater system will convey and capture the increased runoff from the site and will route the storm flows to the existing water 

quality treatment BMP’s.   

 

All drainage design considerations contained in this drainage report are in accordance with the City of Aurora Storm Drainage 

Criteria and the Mile High Flood District's Urban Storm Drainage Criteria Manuals.   In general, the design presented in this report 

serves to provide a safe and adequate drainage system for QuikTrip 4245 Development.   

 

VI. List of References 
1. The Urban Storm Drainage Criteria Manual (USDCM), Volumes 1, 2, and 3, published by the Mile High Flood District 

(MHFD), Denver, Colorado, revised April 2018. 

2. City of Aurora, Storm Drainage design and Technical Criteria, Revised September, 2010. 
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

FdB Fondis silt loam, 1 to 3 
percent slopes

C 2.3 100.0%

FdC Fondis silt loam, 3 to 5 
percent slopes

C 0.0 0.0%

Totals for Area of Interest 2.3 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Hydrologic Soil Group—Arapahoe County, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

3/13/2023
Page 3 of 4
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DESIGN STORM FREQUENCIES 

 

Land Uses or      Minor   Major 

Type of Facility   Storm        Storm     

 

Residential, Business,      2-year
(1)

  100-year 

and Industrial 

 

City Center Zone   5-year
(1)

  100-year 

 

Transit Oriented Developments, N/A   100-year 

Urban Centers 

 

Open Channels, Culverts,     See USDCM   100-year 

Bridges 

 

Detention Ponds   (2)   100-year
(2)

 

             

 
(1)

 Frequency for sizing of storm sewers (most cases).  Storm sewer flows originating from a 

location with a larger design storm frequency shall continue with that frequency to a 

logical point of outfall. 

 
(2)

 Detention ponds shall be evaluated for multiple discharges (10-year and 100-year 

storms).  Single stage discharges (100-year) will only be allowed with prior approval by 

the City. 

 

3.32 Street Flow Capacities 
 

The primary purpose of streets is for traffic.  However, streets are also an integral part of the 

storm drainage system and can be used for storm runoff within reasonable limits.  The allowable 

street flows shall be calculated by multiplying the theoretical capacity by the reduction factor 

from Figure ST-2 of the USDCM.  Figures 4A and 4B present the allowable 2-year and 100-year 

street flow capacities for different street classifications. 
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CHAPTER 5.00 HYDROLOGIC CRITERIA 
 

5.10 INTRODUCTION 
 

Basic information for calculating peak flows and runoff volumes is presented in this chapter.  

The Rational Method shall be used for small basins and the Colorado Urban Hydrograph 

Procedure for large basins.  Consideration will be given to other methodologies on a case-by-

case basis.  Particular attention should be given to accurate computation of time-of-

concentration. 

 

5.20 RATIONAL METHOD 
 

The Rational Method is applied for small drainage areas when peak runoff is needed for the 

sizing of storm sewer systems.  See USDCM Volume I, Runoff Section, Table RO-1.  The 

method is based on the following formula: 

 

  Q = CIA      (5.1) 

 where Q = Peak discharge (cfs) 

  C = Runoff coefficient from Table 1 

   I = Rainfall intensity (inches/hour) 

  A = Drainage area (acres) 

 

Form SF-1 presents the standard form to be used for computing the time of concentration. 

 

5.21 Time of Concentration  (Tc) 
 

For urban areas, the time of concentration consists of an inlet time or overland flow time (ti) plus 

the time of travel (tt) in a storm sewer, paved gutter, roadside drainage ditch, drainage channel, 

or other drainage facilities.  For non-urban areas, the time of concentration consists of an 

overland flow time (ti) plus the time of travel (tt) in a combined form, such as a small swale, 

channel, or drainageway.  The latter portion (tt) of the time of concentration is estimated from the 

hydraulic properties of the storm sewer, gutter, swale, ditch, or drainageway.  Inlet time, on the 

other hand, will vary with surface slope, depression storage, surface coefficient, antecedent 

rainfall, and infiltration capacity of the soil, as well as distance of surface flow. 

 

The time of concentration (tc) shall be calculated using the following equation for both urban and 

non-urban areas: 

 

tc = ti + tt        (5.2) 

 

where   tc = time of concentration (minutes) 

  ti = initial, inlet, or overland flow time (minutes) 

  tt = travel time in the ditch, channel, gutter, storm sewer, etc. (minutes) 
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A. Non-Urbanized Basins 

 

 The initial or overland flow time (ti) is calculated using the following equation: 

 

3

5

)1.1(395.0

S

LC

ti                                               (5.3) 

 

 where   ti  = initial or overland flow time (minutes) 

  C5 = runoff coefficient for 5-year frequency 

   L = length of overland flow, (ft., 500 ft. max.) 

   S = average basin slope (ft/ft) 

 

The equation shall be used for distances not more than 500 feet.  For longer basin lengths, 

the runoff will be considered in a combined form and the travel time (tt) shall be 

calculated using the hydraulic properties of the swale, ditch, or channel, or estimated 

using Figure 1.  The time of concentration is then the sum of the initial flow time (ti) and 

the travel time (tt) in accordance with equation 5.2.  The minimum tc shall be ten 

minutes under non-urbanized conditions. 

 

B. Urbanized Basins 

 

The time of concentration (tc) to the first design point after urbanization shall be the 

lesser value calculated using the equation in A. above (substituting appropriate values for 

the urbanized conditions, with a maximum length of overland flow of 300 feet) or the 

following: 

 

 tc = L'   + 10        (5.4) 

       180 

 

 Where  tc = time of concentration (minutes) 

 

 L' = length of flow to first design point from the most remote point (feet) 

 

 Normally the above equation will govern the time of concentration in urbanized basins. 

 

The travel time (tt) portion of the time of concentration shall be computed using the 

hydraulic properties of the ditch, channel, curb and gutter, storm sewer, or calculated 

using Figure 1.  The minimum tc under urbanized conditions shall be five minutes. 

 

5.22 Rainfall Intensity 
 

The intensity, I, is the average rainfall rate in inches per hour for a duration equal to the time-of-

concentration.  An approximation for the rainfall intensity can be determined using the following 

equation: 
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In the City of Aurora, the only accepted storm inlet in the public right-of-way or for public 

ownership is the Type R modified curb-opening inlet.  Grated and combination inlets may be 

used in private areas, or only with the written approval of the City Engineer. Grated inlets 

located in areas where bicycle or pedestrian traffic is expected shall have bicycle/pedestrian-safe 

grates. 

 

6.52 Inlet Design 
 

The length of opening required for curb-opening inlets shall be based on UDFCD’s UD-INLET 

spreadsheets or the inlet capacity charts and design procedures included at the end of this manual 

(Figures 2 and 3).   

 

The minimum length for a single curb-opening inlet is 5 feet and the maximum length is 15 feet.  

If the required length exceeds 15 feet, multiple inlets shall be used, or a structural design (with 

calculations submitted for approval) of the inlet, stamped and signed by a Professional Engineer, 

is required.  These calculations and details shall be included with the first review of the civil 

submittal for the project.  The maximum length of an inlet shall be 30-feet.  

 

Inlets greater than ten feet in depth require structural design and details be submitted for review 

and approval.  The calculations and details shall be included with the first review of the civil 

submittal for the project. 

 

Design procedures for private grated and private combination inlets can be found in the USDCM 

chapter on "Street/Inlets/Storm Sewers." 

 

To compensate for effects which decrease the capacity of the inlets such as debris plugging, 

pavement overlaying, and variations in design assumptions, the theoretical capacity calculated 

for the inlets designed using Figures 2 and 3 (UD-INLET has its own clogging factors) shall be 

reduced by the following reduction factors to determine the allowable capacity of the inlet: 

 

      Percentage of Theoretical 

Inlet Type         Capacity Allowed   

Curb Opening      80% 

Grated       50% 

Combination      65% 

 

The size of outlet pipes from storm water inlets shall be based upon the design flow rate at the 

inlet, but shall not be less than 18 inches in diameter. 

 

All inlets in sump condition must provide an emergency overflow.  All emergency overflows 

shall be designed for a 100-year storm, assuming the storm sewer pipes are plugged. 

 

Inlets shall be sized with the appropriate design storm for the system.  If an inlet is designed for 

the 2-year design storm, then, it must be considered plugged during the 100-year storm. 
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CHAPTER 7.00 COMPUTER PROGRAMS 
 

There are many computer programs on the market for the analysis and design of storm water 

facilities.  However, to assist in the review of design computations and to promote uniformity of 

results, the designer should use the following computer software which have been developed 

under the support of several Denver Metropolitan Cities and Counties and the Urban Drainage 

and Flood Control District: 

 

CUHP-2005, latest edition:  Colorado Urban Hydrograph Procedure computer model, developed 

for urban runoff prediction.  Submit paper and electronic copies with each submittal.  

 

EPA SWMM 5.0, latest edition: Modified EPA runoff block of the SWMM package, used with 

CUHP-2005 as a watershed modeling and flow routing for urban areas.  EPA SWMM 5.0 is the 

only routing program acceptable to the City, except where older versions of UDSWMM will 

continue to be used in certain drainage basins.  Submit paper and electronic copies with each 

submittal. 

 

UD-RATIONAL, latest edition:  When dealing with a drainage network, RATIONAL can 

accumulate flow times and peak runoff rates with detailed tabulations of computations. 

 

NEO-UDSEWER, latest edition:  Storm Sewer Design and Flow Analysis 

 

UD-INLET, latest edition:  Street Hydraulics and Inlet Sizing 

 

 

UD-CHANNELS, latest edition:  Design of Open Channels – This spread sheet is good for 

preliminary design of open channels.  More detailed analysis will be required for final approval 

of channel design. 

 

UD-CULVERT, latest edition:  Design of Culverts 

 

Other computer software widely used in the design of stormwater facilities may be approved by 

the City on a case-by-case basis. 

 

To compute water surface profiles in open channels and drainageways, the designer shall use the 

computer programs HEC-2 or HEC-RAS developed by the Army Corps of Engineers.  Submit 

paper and electronic copies with each submittal. 

 

Computer spreadsheets may be used if they conform to the City of Aurora standard forms. 
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TABLE 1 

RUNOFF COEFFICIENTS AND PERCENTS IMPERVIOUS 
 

 

 LAND USE OR SURFACE 

 CHARACTERISTICS 

PERCENT 

IMPERVIOUS 

FREQUENCY 

  2 5 10 100 

Business: 

  Commercial Areas 

  Neighborhood Areas 

 

95 

85 

 

.87 

.60 

 

.87 

.65 

 

.88 

.70 

 

.89 

.80 

Residential: 

  Single-Family (**) 

  Multi-Unit (detached) 

  Multi-Unit (attached) 

  1/2 Acre Lot or Larger 

  Apartments 

 

(*) 

60 

75 

(*) 

80 

 

.40 

.45 

.60 

.30 

.65 

 

.45 

.50 

.65 

.35 

.70 

 

.50 

.60 

.70 

.40 

.70 

 

.60 

.70 

.80 

.60 

.80 

Industrial: 

  Light Areas 

  Heavy Areas 

 

80 

90 

 

.71 

.80 

 

.72 

.80 

 

.76 

.85 

 

.82 

.90 

Parks, Cemeteries 5 .10 .10 .35 .60 

Playgrounds 10 .15 .25 .35 .65 

Schools 50 .45 .50 .60 .70 

Railroad Yard Areas 15 .40 .45 .50 .60 

Undeveloped Areas: 

  Historic Flow Analysis,  

 Greenbelts, Agricultural                          2                                                             (See "Lawns") 

 

  Off-Site Flow Analysis 

  (when land use not defined)                  45                          .43                .47                         .55                          .65 
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TABLE 1 (continued) 

RUNOFF COEFFICIENTS AND PERCENTS IMPERVIOUS 
 

 

 LAND USE OR SURFACE 

 CHARACTERISTICS 

PERCENT 

IMPERVIOUS 

FREQUENCY 

  2 5 10 100 

Streets: 

 Paved 

 Gravel 

 

100 

40 

 

.87 

.15 

 

.88 

.25 

 

.90 

.35 

 

.93 

.65 

Concrete Drive and Walks 96 .87 .87 .88 .89 

Roofs 90 .80 .85 .90 .90 

Lawns, Sandy Soil (A and B Soils): 

                 2% Slope 

                 2-7% Slope 

                 >7% Slope 

2 

 

 

.05 

.10 

.15 

 

.06 

.11 

.16 

 

.08 

.13 

.18 

 

.10 

.15 

.20 

Lawns, Clay Soil (C and D Soils): 

                2% Slope 

                2-7% Slope 

                >7% Slope 

5  

.13 

.18 

.25 

 

.14 

.19 

.27 

 

.15 

.20 

.30 

 

.17 

.22 

.35 

 

 

NOTE:  These Rational Formula coefficients may not be valid for large basins 

 

(*)See Figures RO-3 through RO-5 of USDCM Volume 1 for percent impervious. 

 

(**)Up to 5 units per acre.  Single-family with more than 5 units per acre, use values for multi-

unit/detached 

 

.



 
 

9.2010 

 

TABLE 2 
Roughness Coefficients ("n") for Channel Design 

(after Chow 1959) 

 

 

Channel Type 

Roughness Coefficient (n) 

Minimum Typical Maximum 

I.     Excavated or Dredged 

1. Earth, straight and uniform 

a. Gravel, uniform section, clean 

b. With short grass, few weeds 

2. Earth, winding and sluggish 

a. Grass, some weeds 

b. Dense weeds or aquatic plants 

c. Earthy bottom and rubble/riprap sides 

3. Channels not maintained, weeds and brush uncut 

a. Dense weeds, high as flow depth 

b. Clean bottom, brush on sides 

 

 

0.022 

0.022 

 

0.025 

0.030 

0.028 

 

0.050 

0.040 

 

 

0.025 

0.027 

 

0.030 

0.035 

0.030 

 

0.080 

0.050 

 

 

0.030 

0.033 

 

0.033 

0.040 

0.035 

 

0.120 

0.080 

II.   Natural streams (top width at flood stage 100 ft) 

1. Streams on plain 

a. Clean, straight, full stage, no rifts or deep pools 

 b. Clean, winding, some pools and shoals, some weeds 

  and stones 

 c. Very weedy reaches, deep pools, or floodways with 

  heavy stand of timber and underbrush 

 

 

0.025 

0.035 

 

0.075 

 

 

0.030 

0.045 

 

0.100 

 

 

0.033 

0.050 

 

0.150 

III.  Lined or Built-Up Channels 

1. Concrete 

a. Towel/float finish 

 b. Shotcrete 

2. Gravel bottom with sides of: 

a. Formed concrete 

 b. Random stone in mortar 

 c. Dry rubble or riprap 

 

 

0.011 

0.016 

 

0.017 

0.020 

0.023 

 

 

0.015 

0.020 

 

0.020 

0.023 

0.033 

 

 

0.016 

0.025 

 

0.025 

0.026 

0.036 

3. Wetland Bottom Channels See Figure 6 

4. Grass-Lined Channels and Swales See Figure 7 
    

 

(Source:  USDCM, Volume 1, Major Drainage, 04/2008) 
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TABLE 2 (continued) 
 

Large Conduits: 

 

Concrete: Manning’s n 

Precast concrete pipe, ordinary joint alignment 0.013 

Poured in place, steel forms, projections 1/8" or 

less 

0.013 

Poured in place, smooth wood forms, 

projections 1/8" or less 

0.013 

Poured in place, ordinary work with steel forms 0.014 

Poured in place, ordinary work with wood 

forms 

0.015 

Steel:  

Structural plate corrugated, 2"x6" corrugations, 

5' to 20' diameter 

0.0377 

D0.078 

Corrugated pipe, 1"x3" corrugations, 3' to 8' 

diameter 

0.0306 

D0.075 

Plastic/HDPE:  

Pipe with smooth interior wall 0.012 
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WQCV taken care of







We must remain at or
under this
imperviousness.
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Appendix C 

 

Hydrologic & Hydraulic Calculations 



Imperviousness
QT - AURORA

Input Parameters

SB 8 8 1.60 75.5%

A1 A1 0.14 0.00 0.05 0.19 75%

A2 A2 0.89 0.12 0.10 1.11 90%

1.03 0.12 0.15 1.30 88%

H1 H1 0.01 0.07 0.08 13%

H2 H2 0.02 0.12 0.14 19%

H3 H3 0.04 0.04 0.08 46%

0.03 0.00 0.19 0.22 16%

1.09 0.12 0.31 1.52 79% *

*A1, A2, H2, H3 (To match Master Basin SB bounds for proper comparison)

Existing (Town Center Phase 1 A Master Plan)

Developed

Values Obtained from Master Plan

Roof (i=90)
Pavement 

(i=100)

Total Area 

(Acres)

Design 

Point
Basin(s)

Calculated 

Percent 

Impervious 

(%)

Landscape (i= 2)

Entire Site

Total A

Total H

Total Comp Site

A BASINS

H BASINS

GLF QT Aurora - Percent Impervious.xlsx 3/15/2023



Designer:

Company: 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Date: 1-hour rainfall depth, P1 (in) = 0.87 1.14 1.39 1.76 2.08 2.42 3.30

Project: a b c

Location: Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Overland 

Flow Length

Li (ft)

U/S Elevation

(ft)

(Optional)

D/S Elevation

(ft)

(Optional)

Overland 

Flow Slope

Si (ft/ft)

Overland 

Flow Time

ti (min)

Channelized 

Flow Length

Lt (ft)

U/S Elevation

(ft)

(Optional)

D/S Elevation

(ft)

(Optional)

Channelized 

Flow Slope

St (ft/ft)

NRCS 

Conveyance 

Factor K

Channelized 

Flow Velocity

Vt (ft/sec)

Channelized 

Flow Time

tt (min)

Computed

tc (min)

Regional

tc (min)

Selected

tc (min)
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

0.60 0.65 0.68 0.74 0.76 0.79 0.82 4.12 4.84 5.00 2.93 3.87 4.71 5.97 7.06 8.21 11.19 0.34 0.47 0.61 0.84 1.02 1.23 1.75

0.74 0.77 0.79 0.82 0.84 0.85 0.87 2.85 5.03 5.03 2.93 3.86 4.71 5.96 7.04 8.20 11.18 2.41 3.29 4.15 5.45 6.55 7.75 10.81

0.08 0.14 0.23 0.39 0.46 0.54 0.63 5.47 5.47 10.00 2.34 3.08 3.76 4.76 5.63 6.55 8.93 0.02 0.03 0.07 0.15 0.21 0.28 0.45

0.13 0.19 0.27 0.43 0.49 0.56 0.65 7.35 7.35 10.00 2.34 3.08 3.76 4.76 5.63 6.55 8.93 0.04 0.08 0.14 0.28 0.38 0.51 0.81

0.35 0.41 0.47 0.58 0.62 0.67 0.73 4.43 4.43 5.00 2.93 3.87 4.71 5.97 7.06 8.21 11.19 0.08 0.13 0.18 0.28 0.35 0.44 0.66

0.64 0.68 0.71 0.76 0.78 0.81 0.84 3.60 5.78 5.78 2.82 3.72 4.53 5.74 6.78 7.89 10.76 2.76 3.85 4.92 6.65 8.09 9.69 13.70

C 90.0

0.04063.00

Rainfall Intensity, I (in/hr)

2.00 0.73 13.99200.01087.00

Peak Flow, Q (cfs)

Calculation of Peak Runoff using Rational Method

Overland (Initial) Flow Time Channelized (Travel) Flow Time Time of ConcentrationRunoff Coefficient, C

Subcatchment 

Name

Area

(ac)

NRCS 

Hydrologic 

Soil Group

Percent 

Imperviousness

A1 0.19 C 75.0

Select UDFCD location for NOAA Atlas 14 Rainfall Depths from the pulldown list OR enter your own depths obtained from the NOAA website (click this link)

Cells of this color are for required user-input

Cells of this color are for optional override values

Cells of this color are for calculated results based on overrides

GLF

LAMP RYNEARSON

3/15/2023

QT - AURORA

AURORA, CO

Version 2.00 released May 2017

20 0.01 0.00

12.710.020 20 2.83 2.1731.00 0.016 369.00A2 1.11

22.77

23.79

H2 0.14 C 19.0 54.00 0.045 0.00 0.000 20 0.02 0.00

H1 0.08 C 13.0 35.00 0.067 0.00 0.000

18.18

For Comparison

0.000 20 0.06 0.000.020 0.00H3 0.08 C 46.0 20.00

14.68Total Comp. Site 1.52 C 79.3 31.00 0.016 369.00 0.020 20 2.83 2.17

I ��/ℎ� =
a ∗ P�

b + t�
�

t� =
0.395 1.1 − C� L�

S�
�.��

t� =
L�

60K S�

=  
L�

60V�

Computed t� = t� + t�

Regional t� = 26 − 17i +  
L�

60 14i + 9 S�

Selected t� = max t3�4�353 , min Computed t� , Regional t�

 t3�4�353= 5 (urban) 

 t3�4�353= 10 (non-urban)

Q 89: = CIA



MHFD-Inlet, Version 5.02 (August 2022)

Worksheet Protected

INLET NAME A1 A2 User-Defined

Site Type (Urban or Rural) URBAN URBAN

Inlet Application (Street or Area) STREET AREA

Hydraulic Condition In Sump Swale

Inlet Type CDOT/Denver 13 Combination CDOT Type C

USER-DEFINED INPUT

User-Defined Design Flows

Minor QKnown (cfs) 0.5 3.3
Major QKnown (cfs) 1.2 7.8

Bypass (Carry-Over) Flow from Upstream       Inlets must be organized from upstream (left) to downstream (right) in order for bypass flows to be linked.

Receive Bypass Flow from: No Bypass Flow Received No Bypass Flow Received
Minor Bypass Flow Received, Qb (cfs) 0.0 0.0
Major Bypass Flow Received, Qb (cfs) 0.0 0.0

Watershed Characteristics

Subcatchment Area (acres)

Percent Impervious

NRCS Soil Type

Watershed Profile

Overland Slope (ft/ft)

Overland Length (ft)

Channel Slope (ft/ft)

Channel Length (ft)

Minor Storm Rainfall Input

Design Storm Return Period, Tr (years)

One-Hour Precipitation, P1 (inches)

Major Storm Rainfall Input

Design Storm Return Period, Tr (years)

One-Hour Precipitation, P1 (inches)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs) 0.5 3.3

Major Total Design Peak Flow, Q (cfs) 1.2 7.8
Minor Flow Bypassed Downstream, Qb (cfs) N/A 0.0
Major Flow Bypassed Downstream, Qb (cfs) N/A 0.0

INLET MANAGEMENT



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 0.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.000 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.020

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 50.0 ft
Gutter Width W = 1.73 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.013

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 50.0 50.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 6.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is not applicable to Sump Condition Minor Storm Major Storm
MAJOR STORM Allowable Capacity is not applicable to Sump Condition Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.02 (August 2022)

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)
(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

QT AURORA

A1

1

1'



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 2.00 2.00 inches

Number of Unit Inlets (Grate or Curb Opening) No = 1 1  

Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 6.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = 3.00 3.00 feet

Width of a Unit Grate Wo = 1.73 1.73 feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.43 0.43

Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = 0.50 0.50

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = 3.30 3.30

Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = 0.60 0.60

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 3.00 3.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.50 6.50 inches

Height of Curb Orifice Throat in Inches Hthroat = 5.25 5.25 inches

Angle of Throat (see USDCM Figure ST-5) Theta = 0.00 0.00 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 1.73 1.73 feet

Clogging Factor for a Single Curb Opening (typical value 0.10) Cf (C) = 0.10 0.10

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = 3.70 3.70
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.66 0.66

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.51 0.51 ft

Depth for Curb Opening Weir Equation dCurb = 0.36 0.36 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.94 0.94

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = N/A N/A

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.94 0.94

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 5.1 5.1 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 0.5 1.2 cfs

CDOT/Denver 13 Combination

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.02 (August 2022)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT/Denver 13 Combination

Override Depths

1

Per 6.52 of  the
Criteria, Clogging
Factor is 0.20
(Review all inlet
calculations versus
the Criteria)

Add Note in large font: "For reference only.
See the Civil Plans for Design Information."

Comments addressed.



MHFD-Inlet, Version 5.02 (August 2022)

AREA INLET IN A SWALE

QT AURORA

A2

This worksheet uses the NRCS vegetal Inlet Design Information (Input)

Type of Inlet Inlet Type =

Angle of Inclined Grate (must be <= 30 degrees) θ = 0.00 degrees

Width of Grate W = 3.00 ft

Length of Grate L = 3.00 ft

Open Area Ratio ARATIO = 0.70
Height of Inclined Grate HB = 0.00 ft

Clogging Factor Cf = 0.50
Grate Discharge Coefficient Cd = 0.96
Orifice Coefficient Co = 0.64
Weir Coefficient Cw = 2.05

MINOR MAJOR

Water Depth at Inlet (for depressed inlets, 1 foot is added for depression) d = 0.45 0.62

Total Inlet Interception Capacity (assumes clogged condition) Qa = 5.5 8.9 cfs

Bypassed Flow Qb = 0.0 0.0 cfs

Capture Percentage = Qa/Qo C% = 100 100 %

CDOT Type CCDOT Type C

MHFD-Inlet_v5.02.xlsm, A2 3/15/2023, 4:43 PM

Add Note in large font: "For reference only.
See the Civil Plans for Design Information."

VERIFY

Comment
acknowledged. This
particular calculation
has been removed.



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Mar 15 2023

2' CONCRETE CURB CUT / FLUME

Rectangular
Bottom Width (ft) =  2.00
Total Depth (ft) =  0.50

Invert Elev (ft) =  100.00
Slope (%) =  2.00
N-Value =  0.013

Calculations
Compute by: Known Depth
Known Depth (ft) =  0.50

Highlighted
Depth (ft) =  0.50
Q (cfs) =  7.769
Area (sqft) =  1.00
Velocity (ft/s) =  7.77
Wetted Perim (ft) =  3.00
Crit Depth, Yc (ft) =  0.50
Top Width (ft) =  2.00
EGL (ft) =  1.44

0 .5 1 1.5 2 2.5 3

Elev (ft) Depth (ft)
Section

99.75 -0.25

100.00 0.00

100.25 0.25

100.50 0.50

100.75 0.75

101.00 1.00

Reach (ft)

Call out the location of this item in the plans

Provide a cross section of this in the plans

Comment addressed.
Location called out on plans
and cross-section added.
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