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CERTIFICATION STATEMENT 

 

This report and plan for final drainage design of Carvana/Adesa Expansion Lot was prepared under 

my direction and supervision and is correct to the best of my knowledge and belief. Said drainage 

letter has been prepared according to the criteria established by the City for drainage letters and said 

letter is in conformity with the applicable master plan of the drainage basin. I accept responsibility 

for any liability caused by any negligent act, errors, or omissions on my part in preparing this letter.   

 

SIGNATURE 

  

 

      

Benjamin Satterwhite, Project Manager 

Registered Professional Engineer  

State Of Colorado No. LICENSE #54925 

 

 

 

DEVELOPER CERTIFICATION STATEMENT 

 

I, Jo Ryan, the owner/developer, have read and will comply with all the requirements specified in 

this drainage letter and plan. 

  

Date:  

 

 

By:  

 

 

Signature:  

 

Fountain, Colorado:  

 

Filed in accordance with the requirements of the City of Fountain Land Development Code,  

Drainage Criteria Manual Volumes 1 and 2 and the Engineering Criteria Manual, as amended.  

  

 ________________________________________________________________________________ 

  

Conditions:   
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GENERAL LOCATION AND DESCRIPTION 

 

 
Vicinity Map  

 

The site is located within the southwest quarter of section 6 and the northwest quarter of section 7, 

township 16 south, range 65 west of the sixth principal meridian, City of Fountain, El Paso County, 

Colorado. The site is bound by South Charter Oak Ranch Road to the east, and Fort Carson to the 

west. The site is approximately 27.7-acres of undeveloped land. 

SOILS AND EXISTING SITE CONDITIONS  

The site is currently undeveloped and nearly 100% covered in natural and existing grass and 

vegetation, slopes range from 2-20% and generally flow from north to south, where there is an 

unnamed drainage channel that eventually flows into Fountain Creek. The site is bounded by Fort 

Carson to the west and South Oak Ranch Road to the east. 

 

The site generally slopes from north to south at varying slopes from 2% - 20%. Soils on site consist 

of mostly type B and C soils, with the most northern portion of the site being type A soils. Type A 

soils make up 12.6% of the site, Type B making up 47.5% and Type C at 39.9%.    

 

There is an unnamed channel that runs west to east separating the north and south parcels. This 

channel was analyzed in the previous MDDP study by Obering, Wurth & Associates, dated 1999. 

 and was determined to have an existing flow of 4,328 cfs in the 100-year storm event.  
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FLOODPLAIN 

According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map No. 

08041C0962G dated December 7, 2018, the site lies within Zone X, which is designated as “Areas 

determined to be outside the 0.2% annual chance flood hazard area.” 

 

El Paso County is involved with the Colorado Hazard Mapping Program (CHAMP) because the  

CWCB delegates its authority to the County to enforce the regulatory floodplain.  El Paso County is 

part of the NFIP (National Flood Insurance Program) which provides assistance to property owners 

affected by flooding.  Inclusion into this program requires that the County enforce floodplain 

regulations and any changes made to the regulatory maps.  Failure to implement these changes could 

result in the County losing its NFIP status as such a Preliminary FEMA FIRM panel is also included 

in Appendix C that was remapped as part of CHAMP.  

 

DRAINAGE BASIN CRITERIA 

The Fountain Creek Watershed District (FCWD) Design Manuals were used in conjunction with the 

Mile High Flood District Criteria Manual. The rational method was used for drainage basins less 

than 100-acres. The 5-year design frequency was used for the minor storm, and a 100-year design 

frequency was used for the major storm in calculating onsite storm facility hydraulics. The one-hour 

point rainfall depth used for the 5-year storm was 1.28 inches and 2.78 inches for the 100-year event.  

 

Waivers from Criteria 

 

A request for underground detention will be submitted.  

HISTORIC AND OFFSITE DRAINAGE BASINS  

The site is currently undeveloped and existing. It is currently covered in existing vegetation and 

generally flows south to the existing drainage channel running through the south of the site.  

 

The channel was previously designed and evaluated as part of an existing MDDP and Final Drainage 

Report prepared by Obering, Wurth & Associates, dated 1999. 

 

Descriptions of the major basins are provided below. A drainage basin exhibit is included in the 

Appendix. 

 

Offsite Basins 

OS-1 (23.24 ac, Q5 = 0.68 cfs, Q100 = 11.76 cfs) is an off-site basin located on the northernmost 

section and consists of undeveloped open space. The historic drainage pattern sheet flows down to 

defined lowpoints where channels have been created between two ridges. Where it eventually flows 

into Basin EX-1.  

 

OS-2 (3.48 ac, Q5 = 0.76 cfs, Q100 = 11.76 cfs) is an off-site basin located in the north part of the 

site, just south of Basin OS-1 and consists of undeveloped open space and an existing off-site pond. 

Flows from this basin continue south and drain into the channel running through the middle of the 

site.  

On-site Bains (undeveloped) 
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EX-1 (0.91 ac, Q5 = 0.04 cfs, Q100 = 0.72 cfs) is a major basin located in the northern tip of the site. 

This basin sheet flows west to east at generally steep slopes greater than 15% where is flows offsite 

toward South Oak Ranch Road 

 

EX-2 (4.52 ac, Q5 = 0.18 cfs, Q100 = 3.11 cfs) is a major basin located in the north of site, directly 

south of basin EX-1. This basin sheet flows west to east at generally steep slopes greater than 15% 

where is flows offsite toward South Oak Ranch Road.  

 

EX-3 (16.79 ac, Q5 = 2.36 cfs, Q100 = 34.13 cfs) is a major basin located in the middle portion of the 

site, directly south of basin EX-2. This basin generally sheet flows north tot south where it drains 

directly into the unnamed channel.  

 

EX-4 (6.43 ac, Q5 = 0.36 cfs, Q100 = 1.64 cfs) is a major basin in the south of the site, it comprises of 

the unnamed channel that flows west to east. This channel was previously studied in the MDDP by 

Obering, Wurth & Associates, dated 1999, and was shown to have a 100-year flow of 4,328 cfs. 

DRAINAGE FACILITY DESIGN 

The Site consists of one major basin that has been broken down into multiple sub-basins within the 

property boundary. A drainage map is included in the appendix.  

 

Drainage Basin A Sub-Basin Descriptions 

 

Basin A-1 (0.91 ac, Q5 = 0.04 cfs, Q100 = 0.72 cfs) is a major basin located in the northern tip of the 

site. This basin sheet flows west to east at generally steep slopes greater than 15% where is flows 

offsite toward South Oak Ranch Road 

 

Basin A-2 (2.04 ac, Q5= 3.05 cfs, Q100=7.80 cfs) is the northernmost basin of the site. It consists of 

asphalt pavement and curb and gutter. The stormwater sheet-flows west to east where it is picked up 

in curb and gutter and flows into a 10’ Type R inlet, (Design point A1). 

 

Basin A-3 (3.18 ac, Q5= 9.80 cfs, Q100=22.94 cfs) is located in the northern half of the site and 

consists of asphalt pavement and curb and gutter. The stormwater sheet-flows west to east where it is 

picked up in curb and gutter and flows into a 10’ Type R inlet, (Design point A3). 

 

Basin A-4 (2.44 ac, Q5= 7.86 cfs, Q100=18.41 cfs) is located in the southern half of the site on the 

eastern boundary and consists of asphalt pavement and curb and gutter. The stormwater sheet-flows 

northwest to southeast where it is picked up in a CDOT Type D inlet, (Design point A4). 

 

Basin A-5 (1.61 ac, Q5= 4.96 cfs, Q100=11.61 cfs) is located in the southern half of the site on the 

eastern boundary and consists of asphalt pavement and curb and gutter. The stormwater sheet-flows 

northwest to southeast where it is picked up in curb and gutter and flows into a 10’ Type R inlet, 

(Design point A5). 

 

Basin A-6 (1.28 ac, Q5= 4.15 cfs, Q100=9.71 cfs) is located on the southeast corner of the site and 

consists of asphalt pavement and curb and gutter. The stormwater sheet-flows north to south where it 

is picked up in curb and gutter and flows into a 10’ Type R inlet, (Design point A6). 
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Basin A-7 (1.33 ac, Q5= 4.38 cfs, Q100=10.25 cfs) is located in the south of the site and consists of 

asphalt pavement and curb and gutter. The stormwater sheet-flows north to south where it is picked 

up in curb and gutter and flows into a 10’ Type R inlet, (Design point A7). 

 

Basin A-8 (1.29 ac, Q5= 3.74 cfs, Q100=8.75 cfs) is located on the southwest corner of the site and 

consists of asphalt pavement and curb and gutter. The stormwater sheet-flows north to south where it 

is picked up in curb and gutter and flows into a 10’ Type R inlet, (Design point A8). 

 

Basin A-9 (4.62 ac, Q5= 1.67 cfs, Q100=16.09 cfs) is located south of the developed area of the site 

and mainly consists of graded area and existing ground, although there is a proposed access road on 

the west of the basin. Stormwater in this basin follows existing drainage patterns and sheet flows 

south into the existing drainage channel.  

 

STORM WATER CONVEYANCE AND STORAGE FACILITIES 

The proposed on-site conveyance facilities will consist of a combination of storm pipes, inlets, 

manholes, and curb and gutter and has been designed using runoff data from calculations shown in 

Appendix D. Proposed drainage patterns will generally follow historic patterns outlined in this 

report. At sump conditions, inlets will be sized to collect the 100-year flows. Runoff entering inlets 

will ultimately be conveyed to proposed detention basin Pond A.  

 

Pond A is designed as an underground full-spectrum extended detention basin to provide water 

quality treatment and detention for runoff from Basin A. Pond A is sized to accommodate the 

WQCV, EURV, and 100-year storm volumes.  

 

Pond A is calculated to require a total volume of 2.122 acre-ft and has been designed with a total 

volume of 2.176 acre-ft. Pond A was sized using the MHFD Detention spreadsheet software. Pond A 

has a 5-year detained release rate of 0.3 cfs and a 100-year detained release rate of 15.8 cfs. Pond A 

is designed to be an underground detention facility by Contech Engineers Solutions LLC. The 

underground detention facility will utilize 1200 linear feet if 10’ CMP for a total storage volume of 

2.176 ac-ft.  

 

Once stormwater drainage leaves the underground detention facility it will enter a downstream 

manhole with an orifice plate inside to control the release rates from the stormwater system. Three 

consecutive orifice holes of 1-15/16-inch diameter will be used to control the release rate for the 

detained WQCV and EURV storm events. An additional 10”x2” orifice hole will allow the detained 

100-year storm event to be released at a 0.8 ratio of peak outflow to the predevelopment flow. The 

orifice plate will be 7.0 feet in height. The top on the manhole is at a height of 12.5 feet from the 

bottom of the orifice plate to ground level. In the case of emergency, the stormwater will overtop the 

orifice plate and flow into the downstream 24” RCP, in the emergency event the orifice plate will act 

as a weir. The height of the 100-year event will be 8.88 feet heigh, leaving 3.62’ between the 100-

year WSEL and the top of the manhole, in compliance with the 1-foot freeboard requirement.  
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FOUR STEP PROCESS 

The Four Step Process focuses on reducing runoff volumes, treating the WQCV, stabilizing 

drainageways, and implementing long-term source controls. The Four Step Process pertains to 

management of smaller, frequently occurring events, as opposed to larger storms for which drainage 

and flood control infrastructure are sized. The Four Step Process is summarized below and elements 

of the designed development are presented as a means to address and follow this process. This 

project in conformance with the Green Infrastructure Manual. 

 

1. Step 1: Employ Runoff Reduction Practices 

 

The Site is developed to capture runoff from impervious areas at sump locations and local low points 

within the private storm system. Impervious area is avoided where functional hardscape is not 

needed for drive aisles, parking stalls, and pedestrian walkways. Seeding and mulching will be 

planted on the perimeter of the size to help reduce erosion and act as an effective buffer from the 

adjacent proposed paved parking lot. 

 

2. Step 2: Implement Control Measures That Provide A Water Quality Capture Volume with 

Slow Release 

 

A private underground extended detention basin is proposed for water quality and full-spectrum 

detention for the car wash development. An orifice plate within the outlet structure is designed to 

release the WQCV event at approximately the 40-hour mark, the EURV event at approximately the 

68-hour mark, and the 100-year event at approximately the 72-hour mark. The private storm drain 

system throughout the Site collects and conveys stormwater runoff from impervious areas directly to 

the WQ control measure. 

 

3. Step 3: Stabilize Drainageways 

 

The Site utilizes concrete curb and gutter to channel stormwater from impervious runoff, mostly 

from paved parking areas. There are no formal drainageways within the Site. Sloped landscaped 

areas do not exceed 3H:1V grades and are to be seeded and mulched where plantings are not 

proposed. 

 

Step 4: Implement Site Specific and Other Source Control Measures 

 

Site construction is to follow a Stormwater Management Report and Grading and Erosion Control 

Plan that includes non-structural control measures during the initial, interim, and final phases of 

construction.  

 

A Grading and Erosion Control Plan will be submitted for review and approval prior to construction. 

 

CHANNEL MODIFICATION 

The channel intersecting the site was analyzed using HEC-RAS version 6.6 utilizing a one-

dimensional (1-D) hydraulic flow analysis based on the previously established 100-year design flow 

of 4,328 cfs from the prior MDDP study done by by Obering, Wurth & Associates, dated 1999.  
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As part of the proposed development, a channel crossing was identified as necessary to provide fire 

access connectivity between the northern and southern portions of the site. Due to the proposed 

crossing, a1-D hydraulic analysis was performed to evaluate and size the proposed culvert crossing 

such that the 100-year design flow can be conveyed without increasing upstream or downstream 

water surface elevations and without creating adverse hydraulic impacts to the channel system. 

 

Based on the hydraulic modeling results, seven 12-foot by 12-foot box culverts, providing a 

minimum cumulative flow area of 1,008 square feet, are required to convey the design flow 

conditions. Supporting calculations, model outputs, and hydraulic results are provided in the 

Appendix. 

 

MAINTENANCE 

The private storm sewer system within the site, including inlets, pipes, and detention facilities are to 

be owned and maintained by the property owner.  

 

CONCLUSION 

This Final Drainage Plan report follows all standard criteria set forth by the City of Fountain drainage 

standards, the City of Colorado Springs Drainage Criteria Manual, and the Mile High Flood District Urban 

Drainage Criteria Manual, with a requested variance for underground detention. Downstream drainage 

facilities will not be negatively impacted, as existing drainage patterns and allowable release rates are planned 

to be maintained. Proposed flows leaving the site will enter the existing channel at the south end of the site. 

The existing channel will also be modified to include seven 12’x12’ box culverts to maintain the existing 

WSEL upstream and downstream a proposed fire access path across the channel. Allowable release rates are 

planned to be maintained so as not to adversely affect the downstream and surrounding developments.  
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 

Custom Soil Resource Report
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.

8



9

Custom Soil Resource Report
Soil Map

42
81

00
0

42
81

10
0

42
81

20
0

42
81

30
0

42
81

40
0

42
81

50
0

42
81

60
0

42
81

70
0

42
81

80
0

42
81

90
0

42
81

00
0

42
81

10
0

42
81

20
0

42
81

30
0

42
81

40
0

42
81

50
0

42
81

60
0

42
81

70
0

42
81

80
0

42
81

90
0

524300 524400 524500 524600 524700 524800 524900

524300 524400 524500 524600 524700 524800 524900

38°  41' 8'' N
10

4°
  4

3'
 1

6'
' W

38°  41' 8'' N

10
4°

  4
2'

 4
7'

' W

38°  40' 38'' N

10
4°

  4
3'

 1
6'

' W

38°  40' 38'' N

10
4°

  4
2'

 4
7'

' W

N

Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 13N WGS84
0 200 400 800 1200

Feet
0 50 100 200 300

Meters
Map Scale: 1:4,590 if printed on A portrait (8.5" x 11") sheet.

Soil Map may not be valid at this scale.



MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 23, Aug 29, 2025

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jul 23, 2024—Aug 4, 
2024

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

33 Heldt clay loam, 0 to 3 percent 
slopes

12.0 39.9%

82 Schamber-Razor complex, 8 to 
50 percent slopes

3.8 12.6%

101 Ustic Torrifluvents, loamy 14.2 47.5%

Totals for Area of Interest 30.0 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 

Custom Soil Resource Report
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delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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El Paso County Area, Colorado

33—Heldt clay loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 3686
Elevation: 5,200 to 6,500 feet
Mean annual precipitation: 12 to 14 inches
Mean annual air temperature: 48 to 52 degrees F
Frost-free period: 135 to 155 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Heldt and similar soils: 98 percent
Minor components: 2 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Heldt

Setting
Landform: Stream terraces, Alluvial fans
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Clayey alluvium derived from shale

Typical profile
Ap - 0 to 8 inches: clay loam
Bw - 8 to 41 inches: silty clay
Bk - 41 to 60 inches: silty clay loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Gypsum, maximum content: 4 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum: 10.0
Available water supply, 0 to 60 inches: High (about 10.4 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 4c
Hydrologic Soil Group: C
Ecological site: R069XY047CO - Alkaline Plains
Other vegetative classification: ALKALINE PLAINS (069BY047CO)
Hydric soil rating: No

Custom Soil Resource Report
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Minor Components

Other soils
Percent of map unit: 1 percent
Hydric soil rating: No

Pleasant
Percent of map unit: 1 percent
Landform: Depressions
Hydric soil rating: Yes

82—Schamber-Razor complex, 8 to 50 percent slopes

Map Unit Setting
National map unit symbol: 369y
Elevation: 5,500 to 6,500 feet
Mean annual precipitation: 12 to 14 inches
Mean annual air temperature: 48 to 52 degrees F
Frost-free period: 135 to 170 days
Farmland classification: Not prime farmland

Map Unit Composition
Schamber and similar soils: 55 percent
Razor and similar soils: 43 percent
Minor components: 2 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Schamber

Setting
Landform: Breaks
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite and/or colluvium derived from 

granite and/or eolian deposits derived from granite

Typical profile
A - 0 to 5 inches: gravelly loam
AC - 5 to 15 inches: very gravelly loam
C - 15 to 60 inches: very gravelly sand

Properties and qualities
Slope: 8 to 50 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None

Custom Soil Resource Report
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Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 3.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: A
Ecological site: R069XY064CO - Gravel Breaks
Hydric soil rating: No

Description of Razor

Setting
Landform: Breaks
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Clayey slope alluvium over residuum weathered from shale

Typical profile
A - 0 to 3 inches: clay loam
Bw - 3 to 9 inches: clay loam
Bk - 9 to 31 inches: clay
Cr - 31 to 35 inches: weathered bedrock

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Gypsum, maximum content: 5 percent
Maximum salinity: Moderately saline to strongly saline (8.0 to 16.0 mmhos/cm)
Sodium adsorption ratio, maximum: 15.0
Available water supply, 0 to 60 inches: Low (about 5.5 inches)

Interpretive groups
Land capability classification (irrigated): 6e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: D
Ecological site: R069XY047CO - Alkaline Plains
Other vegetative classification: ALKALINE PLAINS (069AY047CO)
Hydric soil rating: No

Minor Components

Other soils
Percent of map unit: 1 percent
Hydric soil rating: No

Pleasant
Percent of map unit: 1 percent

Custom Soil Resource Report
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Landform: Depressions
Hydric soil rating: Yes

101—Ustic Torrifluvents, loamy

Map Unit Setting
National map unit symbol: 3673
Elevation: 5,500 to 7,000 feet
Mean annual precipitation: 13 to 16 inches
Mean annual air temperature: 47 to 52 degrees F
Frost-free period: 125 to 155 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Ustic torrifluvents and similar soils: 95 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ustic Torrifluvents

Setting
Landform: Stream terraces, Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy, clayey, stratified loamy

Typical profile
A - 0 to 6 inches: variable
C - 6 to 60 inches: stratified loamy sand to clay loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 

high (0.20 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.6 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: R069XY037CO - Saline Overflow
Other vegetative classification: OVERFLOW (069BY036CO)

Custom Soil Resource Report
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Hydric soil rating: No

Minor Components

Other soils
Percent of map unit: 4 percent
Hydric soil rating: No

Pleasant
Percent of map unit: 1 percent
Landform: Depressions
Hydric soil rating: Yes

Custom Soil Resource Report
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Soil Information for All Uses

Soil Properties and Qualities
The Soil Properties and Qualities section includes various soil properties and 
qualities displayed as thematic maps with a summary table for the soil map units in 
the selected area of interest. A single value or rating for each map unit is generated 
by aggregating the interpretive ratings of individual map unit components. This 
aggregation process is defined for each property or quality.

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly 
measured, but are inferred from observations of dynamic conditions and from soil 
properties. Example soil qualities include natural drainage, and frost action. Soil 
features are attributes that are not directly part of the soil. Example soil features 
include slope and depth to restrictive layer. These features can greatly impact the 
use and management of the soil.

Hydrologic Soil Group

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.

18



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.

Custom Soil Resource Report

19



20

Custom Soil Resource Report
Map—Hydrologic Soil Group

42
81

00
0

42
81

10
0

42
81

20
0

42
81

30
0

42
81

40
0

42
81

50
0

42
81

60
0

42
81

70
0

42
81

80
0

42
81

90
0

42
81

00
0

42
81

10
0

42
81

20
0

42
81

30
0

42
81

40
0

42
81

50
0

42
81

60
0

42
81

70
0

42
81

80
0

42
81

90
0

524300 524400 524500 524600 524700 524800 524900

524300 524400 524500 524600 524700 524800 524900

38°  41' 8'' N
10

4°
  4

3'
 1

6'
' W

38°  41' 8'' N

10
4°

  4
2'

 4
7'

' W

38°  40' 38'' N

10
4°

  4
3'

 1
6'

' W

38°  40' 38'' N

10
4°

  4
2'

 4
7'

' W

N

Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 13N WGS84
0 200 400 800 1200

Feet
0 50 100 200 300

Meters
Map Scale: 1:4,590 if printed on A portrait (8.5" x 11") sheet.

Soil Map may not be valid at this scale.



MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Lines
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Points
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 23, Aug 29, 2025

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jul 23, 2024—Aug 4, 
2024

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Hydrologic Soil Group

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

33 Heldt clay loam, 0 to 3 
percent slopes

C 12.0 39.9%

82 Schamber-Razor 
complex, 8 to 50 
percent slopes

A 3.8 12.6%

101 Ustic Torrifluvents, loamy B 14.2 47.5%

Totals for Area of Interest 30.0 100.0%

Rating Options—Hydrologic Soil Group

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Custom Soil Resource Report
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Area with Flood Risk due to Levee Zone D

NO SCREEN Area of Minimal Flood Hazard Zone X

Area of Undetermined Flood Hazard Zone D

Channel, Culvert, or Storm Sewer

Levee, Dike, or Floodwall

Cross Sections with 1% Annual Chance
17.5 Water Surface Elevation

Coastal Transect

Coastal Transect Baseline
Profile Baseline
Hydrographic Feature

Base Flood Elevation Line (BFE)

Effective LOMRs

Limit of Study
Jurisdiction Boundary

Digital Data Available

No Digital Data Available

Unmapped

This map complies with FEMA's standards for the use of
digital flood maps if it is not void as described below.
The basemap shown complies with FEMA's basemap
accuracy standards

The flood hazard information is derived directly from the
authoritative NFHL web services provided by FEMA. This map
was exported on 2/27/2026 at 10:26 PM  and does not
reflect changes or amendments subsequent to this date and
time. The NFHL and effective information may change or
become superseded by new data over time.

This map image is void if the one or more of the following map
elements do not appear: basemap imagery, flood zone labels,
legend, scale bar, map creation date, community identifiers,
FIRM panel number, and FIRM effective date. Map images for
unmapped and unmodernized areas cannot be used for
regulatory purposes.

Legend

OTHER AREAS OF
FLOOD HAZARD

OTHER AREAS

GENERAL
STRUCTURES

OTHER
FEATURES

MAP PANELS

8

B
20.2

The pin displayed on the map is an approximate
point selected by the user and does not represent
an authoritative property location.

1:6,000

104°43'21"W 38°41'7"N

104°42'44"W 38°40'39"N

Basemap Imagery Source: USGS National Map 2023
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APPENDIX C 
HYDROLOGIC CALCULATIONS  

 

  



Designer:

Company:

Date:

Project:

Location:

Subcatchment 

Name

Area

(ac)

NRCS 

Hydrologic 

Soil Group(s)

Imperviousness

WQE

&

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)

EX-1 0.91 A 5.0% 0.02 0.02 0.02 0.03 0.07 0.15 0.29 300.00 0.070 17.79 150.00 0.100 2.5 0.79 3.16

EX-2 4.52 A 5.0% 0.02 0.02 0.02 0.03 0.07 0.15 0.29 500.00 0.100 20.42 210.00 0.030 2.5 0.43 8.08

EX-3 16.79 C/D 5.0% 0.03 0.08 0.17 0.35 0.42 0.50 0.60 500.00 0.100 19.34 1400.00 0.070 2.5 0.66 35.28

EX-4 6.43 B 5.0% 0.03 0.03 0.10 0.28 0.36 0.45 0.55 500.00 0.100 20.15 1750.00 0.010 15 1.50 19.44

OS-1 23.24 A 5.0% 0.02 0.02 0.02 0.03 0.07 0.15 0.29 500.00 0.300 14.21 2000.00 0.030 2.5 0.43 76.98

OS-2 3.48 C/D 5.0% 0.03 0.08 0.17 0.35 0.42 0.50 0.60 250.00 0.070 15.38 0.00 0.020 2.5 0.35 0.00

Overland (Initial) Flow Time Channelized (Travel) Flow Time

LMS

Atwell, LLC

Runoff Coefficient, C

MHFD-Rational, Version 3.00 (August 2025)

5/13/2026

Carvana

Fountain, CO

Provide input for area, soil type, and imperviousness on the Runoff Coeffs worksheet.

Cells of this color are for required user-input

Cells of this color are for optional override values

Calculation of Peak Runoff using Rational MethodCalculation of Peak Runoff using Rational Method

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 t)�*�)+) , min Computed t� , Regional t�

 t� )�*�)+)� 5 (urban) 

 t� )�*�)+)� 10 (non-urban)

Ex-Carvana-MHFD-Rational v3.00.xlsm, Rational Calcs 5/13/2026, 10:54 AM



Designer:

Company:

Date:

Project:

Location:

Subcatchment 

Name

EX-1

EX-2

EX-3

EX-4

OS-1

OS-2

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

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

1-hour rainfall depth, P1 (in) = 0.60 1.28 2.78

a b c

Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

Computed tc 

(min)

Regional tc 

(min)

Selected tc 

(min)

(Optional)

Override tc 

(min)

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

20.95 25.97 20.95 1.15 2.46 5.34 0.02 0.04 0.72

28.50 27.23 27.23 1.00 2.12 4.61 0.08 0.18 3.11

54.62 34.24 34.24 0.87 1.86 4.03 0.42 2.36 34.13

39.59 55.22 39.59 0.80 1.70 3.68 0.13 0.36 10.64

91.19 44.99 44.99 0.73 1.56 3.40 0.29 0.68 11.76

15.38 25.15 15.38 1.35 2.87 6.24 0.14 0.76 10.95

Rainfall Intensity, I (in/hr) Peak Flow, Q (cfs)Time of Concentration

Calculation of Peak Runoff using Rational Method

I .//ℎ2 �
a ∗ P5

b � t�
� Q 89: � CIA

Ex-Carvana-MHFD-Rational v3.00.xlsm, Rational Calcs 5/13/2026, 10:54 AM



Designer:
Company:

Date:
Project:

Location:

Provide subcatchment names on the Rational Calcs worksheet to open up the table below.

Imperviousness 

Source

Imperviousness

Category
Calculated

Imperviousness

(Optional)

Override

Imperviousness

WQE

&

2-yr

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

WQE

&

2-yr

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

EX-1 1 0.91 A 5.0% 5.0% 0.02 0.02 0.02 0.03 0.07 0.15 0.29 0.02 0.02 0.02 0.03 0.07 0.15 0.29

0.91 A Land Use Open Space, Undisturbed Native Grasses 5% 0.02 0.02 0.02 0.03 0.07 0.15 0.29

EX-2 1 4.52 A 5.0% 5.0% 0.02 0.02 0.02 0.03 0.07 0.15 0.29 0.02 0.02 0.02 0.03 0.07 0.15 0.29

4.52 A Land Use Open Space, Undisturbed Native Grasses 5% 0.02 0.02 0.02 0.03 0.07 0.15 0.29

EX-3 1 16.79 C/D 5.0% 5.0% 0.03 0.08 0.17 0.35 0.42 0.50 0.60 0.03 0.08 0.17 0.35 0.42 0.50 0.60

16.79 C/D Land Use Open Space, Undisturbed Native Grasses 5% 0.03 0.08 0.17 0.35 0.42 0.50 0.60

EX-4 1 6.43 B 5.0% 5.0% 0.03 0.03 0.10 0.28 0.36 0.45 0.55 0.03 0.03 0.10 0.28 0.36 0.45 0.55

6.43 B Land Use Open Space, Undisturbed Native Grasses 5% 0.03 0.03 0.10 0.28 0.36 0.45 0.55

OS-1 1 23.24 A 5.0% 5.0% 0.02 0.02 0.02 0.03 0.07 0.15 0.29 0.02 0.02 0.02 0.03 0.07 0.15 0.29

23.24 A Land Use Open Space, Undisturbed Native Grasses 5% 0.02 0.02 0.02 0.03 0.07 0.15 0.29

OS-2 1 3.48 C/D 5.0% 5.0% 0.03 0.08 0.17 0.35 0.42 0.50 0.60 0.03 0.08 0.17 0.35 0.42 0.50 0.60

3.48 C/D Land Use Open Space, Undisturbed Native Grasses 5% 0.03 0.08 0.17 0.35 0.42 0.50 0.60

Fountain, CO

Runoff Coefficient, C

LMS
Atwell, LLC
5/13/2026

Percent Imperviousness

Subcatchment 

Name

# of 

Subareas

Area

(ac)

NRCS 

Hydrologic 

Soil Group

(Optional) Override Runoff Coefficient, C

Determination of Runoff Coefficients for Rational Method                                          
MHFD-Rational, Version 3.00 (August 2025)

Carvana
Cells of this color are for required user-input

Cells of this color are for optional override values

Ex-Carvana-MHFD-Rational v3.00.xlsm, Runoff Coeffs 5/13/2026, 10:56 AM



Designer:

Company:

Date:

Project:

Location:

Subcatchment 

Name

Area

(ac)

NRCS 

Hydrologic 

Soil Group(s)

Imperviousness

WQE

&

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)

A-1 0.91 A 5.0% 0.02 0.02 0.02 0.03 0.07 0.15 0.29 300.00 0.070 17.79 150.00 0.100 2.5 0.79 3.16

A-2 2.04 A,C/D 59.7% 0.49 0.50 0.51 0.53 0.55 0.59 0.65 250.00 0.030 11.93 260.00 0.010 20 2.00 2.17

A-3 3.18 C/D 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 300.00 0.030 6.33 250.00 0.022 20 2.97 1.40

A-4 2.44 C/D 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 200.00 0.030 5.17 300.00 0.025 20 3.16 1.58

A-5 1.61 C/D 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 300.00 0.030 6.33 245.00 0.021 20 2.90 1.41

A-6 1.28 C/D 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 250.00 0.033 5.60 100.00 0.007 20 1.61 1.03

A-7 1.33 C/D 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 220.00 0.027 5.61 140.00 0.028 20 3.35 0.70

A-8 1.29 C/D 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 300.00 0.025 6.72 360.00 0.015 20 2.45 2.45

A-9 4.62 C/D 10.3% 0.07 0.12 0.21 0.38 0.44 0.53 0.62 300.00 0.120 13.52 0.00 0.020 15 2.12 0.00

Overland (Initial) Flow Time Channelized (Travel) Flow Time

LMS

ATWELL, LLC

Runoff Coefficient, C

MHFD-Rational, Version 3.00 (August 2025)

5/13/2026

Carvana

Fountain, CO

Provide input for area, soil type, and imperviousness on the Runoff Coeffs worksheet.

Cells of this color are for required user-input

Cells of this color are for optional override values

Calculation of Peak Runoff using Rational MethodCalculation of Peak Runoff using Rational Method

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 t)�*�)+) , min Computed t� , Regional t�

 t� )�*�)+)� 5 (urban) 

 t� )�*�)+)� 10 (non-urban)

PR-MHFD-Rational v3.00.xlsm, Rational Calcs 5/13/2026, 12:08 PM



Designer:

Company:

Date:

Project:

Location:

Subcatchment 

Name

A-1

A-2

A-3

A-4

A-5

A-6

A-7

A-8

A-9

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

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

1-hour rainfall depth, P1 (in) = 0.60 1.28 2.78

a b c

Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

Computed tc 

(min)

Regional tc 

(min)

Selected tc 

(min)

(Optional)

Override tc 

(min)

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

20.95 25.97 20.95 1.15 2.46 5.34 0.02 0.04 0.72

14.10 18.35 14.10 1.40 2.99 6.50 1.39 3.05 7.80

7.73 11.11 7.73 1.78 3.81 8.27 4.47 9.80 22.94

6.75 11.27 6.75 1.87 3.98 8.65 3.59 7.86 18.41

7.74 11.11 7.74 1.78 3.81 8.27 2.26 4.96 11.61

6.63 10.78 6.63 1.88 4.00 8.69 1.89 4.15 9.71

6.31 10.48 6.31 1.91 4.07 8.83 2.00 4.38 10.25

9.17 12.05 9.17 1.68 3.58 7.78 1.70 3.74 8.75

13.52 24.26 13.52 1.43 3.05 6.62 0.48 1.67 16.09

Rainfall Intensity, I (in/hr) Peak Flow, Q (cfs)Time of Concentration

Calculation of Peak Runoff using Rational Method

I .//ℎ2 �
a ∗ P5

b � t�
� Q 89: � CIA

PR-MHFD-Rational v3.00.xlsm, Rational Calcs 5/13/2026, 12:08 PM



Designer:
Company:

Date:
Project:

Location:

Provide subcatchment names on the Rational Calcs worksheet to open up the table below.

Imperviousness 

Source

Imperviousness

Category
Calculated

Imperviousness

(Optional)

Override

Imperviousness

WQE

&

2-yr

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

WQE

&

2-yr

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

A-1 1 0.91 A 5.0% 5.0% 0.02 0.02 0.02 0.03 0.07 0.15 0.29 0.02 0.02 0.02 0.03 0.07 0.15 0.29

0.91 A Land Use Open Space, Undisturbed Native Grasses 5% 0.02 0.02 0.02 0.03 0.07 0.15 0.29

A-2 2 2.04 A,C/D 59.7% 59.7% 0.49 0.50 0.51 0.53 0.55 0.59 0.65 0.49 0.50 0.51 0.53 0.55 0.59 0.65

1.24 C/D Surface Type Roadways and Paved Streets 95% 0.79 0.81 0.83 0.85 0.86 0.87 0.89

0.80 A Land Use Open Space, Undisturbed Native Grasses 5% 0.02 0.02 0.02 0.03 0.07 0.15 0.29

A-3 1 3.18 C/D 95.0% 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 0.79 0.81 0.83 0.85 0.86 0.87 0.89

3.18 C/D Surface Type Roadways and Paved Streets 95% 0.79 0.81 0.83 0.85 0.86 0.87 0.89

A-4 1 2.44 C/D 95.0% 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 0.79 0.81 0.83 0.85 0.86 0.87 0.89

2.44 C/D Surface Type Roadways and Paved Streets 95% 0.79 0.81 0.83 0.85 0.86 0.87 0.89

A-5 1 1.61 C/D 95.0% 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 0.79 0.81 0.83 0.85 0.86 0.87 0.89

1.61 C/D Surface Type Roadways and Paved Streets 95% 0.79 0.81 0.83 0.85 0.86 0.87 0.89

A-6 1 1.28 C/D 95.0% 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 0.79 0.81 0.83 0.85 0.86 0.87 0.89

1.28 C/D Surface Type Roadways and Paved Streets 95% 0.79 0.81 0.83 0.85 0.86 0.87 0.89

A-7 1 1.33 C/D 95.0% 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 0.79 0.81 0.83 0.85 0.86 0.87 0.89

1.33 C/D Surface Type Roadways and Paved Streets 95% 0.79 0.81 0.83 0.85 0.86 0.87 0.89

A-8 1 1.29 C/D 95.0% 95.0% 0.79 0.81 0.83 0.85 0.86 0.87 0.89 0.79 0.81 0.83 0.85 0.86 0.87 0.89

1.29 C/D Surface Type Roadways and Paved Streets 95% 0.79 0.81 0.83 0.85 0.86 0.87 0.89

A-9 2 4.62 C/D 10.3% 10.3% 0.07 0.12 0.21 0.38 0.44 0.53 0.62 0.07 0.12 0.21 0.38 0.44 0.53 0.62

4.35 C/D Surface Type Historic Flow Analysis 5% 0.03 0.08 0.17 0.35 0.42 0.50 0.60

0.27 C/D Surface Type Roadways and Paved Streets 95% 0.79 0.81 0.83 0.85 0.86 0.87 0.89

Fountain, CO

Runoff Coefficient, C

LMS
ATWELL, LLC
5/13/2026

Percent Imperviousness

Subcatchment 

Name

# of 

Subareas

Area

(ac)

NRCS 

Hydrologic 

Soil Group

(Optional) Override Runoff Coefficient, C

Determination of Runoff Coefficients for Rational Method                                          
MHFD-Rational, Version 3.00 (August 2025)

Carvana
Cells of this color are for required user-input

Cells of this color are for optional override values

PR-MHFD-Rational v3.00.xlsm, Runoff Coeffs 5/13/2026, 12:08 PM
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APPENDIX D 
HYDRAULIC CALCULATIONS 

 

  



Project:

Basin ID:

Depth Increment = 3.00 ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 100 0.002

Selected SCM Type = EDB 1 -- 1.00 -- -- -- 7,200 0.165 3,650 0.084

Watershed Area = 13.17 acres 2 -- 2.00 -- -- -- 9,600 0.220 12,050 0.277

Watershed Length = 1,225 ft 3 -- 3.00 -- -- -- 11,000 0.253 22,350 0.513

Watershed Length to Centroid = 500 ft 4 -- 4.00 -- -- -- 11,760 0.270 33,730 0.774

Watershed Slope = 0.020 ft/ft 5 -- 5.00 -- -- -- 12,000 0.275 45,610 1.047

Watershed Imperviousness = 89.53% percent 6 -- 6.00 -- -- -- 11,760 0.270 57,490 1.320

Percentage Hydrologic Soil Group A = 20.0% percent 7 -- 7.00 -- -- -- 11,000 0.253 68,870 1.581

Percentage Hydrologic Soil Group B = 0.0% percent 8 -- 8.00 -- -- -- 9,600 0.220 79,170 1.817

Percentage Hydrologic Soil Groups C/D = 80.0% percent 9 -- 9.00 -- -- -- 7,200 0.165 87,570 2.010

Target WQCV Drain Time = 40.0 hours 10 -- 10.00 -- -- -- 7,200 0.165 94,770 2.176

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.436 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 1.255 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1 in.) = 0.928 acre-feet 1.00 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.28 in.) = 1.233 acre-feet 1.28 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.56 in.) = 1.543 acre-feet 1.56 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.99 in.) = 2.040 acre-feet 1.99 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.36 in.) = 2.461 acre-feet 2.36 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.78 in.) = 2.949 acre-feet 2.78 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.91 in.) = 4.243 acre-feet 3.91 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.893 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 1.204 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.464 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 1.768 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 1.930 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 2.122 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.436 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.819 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.867 acre-feet -- -- -- --

Total Detention Basin Volume = 2.122 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft
 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft
 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft
 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft
 2
)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft
 2
)

Width 

(ft)

Carvana - Fountain, CO

Basin A 

MHFD-Detention, Version 4.07 (June 2025)

Volume 

(ft
 3
)

Volume 

(ac-ft)

Area 

(acre)

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

Carvana-Pond A-MHFD-Detention_v4.07.xlsm, Basin 4/23/2026, 4:03 PM



1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

0.76              H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.69 Zone 1 (WQCV) 2.69 Zone 1 (WQCV)

5.77 Zone 2 (EURV) 5.77 Zone 2 (EURV)

9.68 Zone 3 (100-year) 9.68 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.07 (June 2025)
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  Project:

  Basin ID:

Estimated Estimated

Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.69 0.436 Orifice Plate

Zone 2 (EURV) 5.77 0.819 Orifice Plate

Zone 3 (100-year) 9.68 0.867 Circular Orifice

Total (all zones) 2.122

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration SCM) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation SCM) Calculated Parameters for Plate

Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 2.111E-02 ft
2

Depth at top of Zone using Orifice Plate = 6.80 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 3.04 sq. inches (diameter = 1-15/16 inches) Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 2.00 4.00

Orifice Area (sq. inches) 3.04 3.04 3.04

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Zone 3 Circular Not Selected Zone 3 Circular Not Selected

Invert of Vertical Orifice = 6.00 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 2.18 N/A ft
2

Depth at top of Zone using Vertical Orifice = 6.50 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.83 N/A feet

Vertical Orifice Diameter = 20.00 N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate Not Selected Not Selected Not Selected Not Selected

Overflow Weir Front Edge Height, Ho = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = N/A N/A feet

Overflow Weir Front Edge Length = N/A N/A feet Overflow Weir Slope Length = N/A N/A feet

Overflow Weir Grate Slope = N/A N/A H:V Grate Open Area / 100-yr Orifice Area = N/A N/A

Horiz. Length of Weir Sides = N/A N/A feet Overflow Grate Open Area w/o Debris = N/A N/A ft
2

Overflow Grate Type = N/A N/A Overflow Grate Open Area w/ Debris = N/A N/A ft
2

Debris Clogging % = N/A N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Not Selected Not Selected Not Selected Not Selected

Depth to Invert of Outlet Pipe = N/A N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = N/A N/A ft
2

Circular Orifice Diameter = N/A N/A inches Outlet Orifice Centroid = N/A N/A feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet

Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 8.88 feet Discharge at Top of Freeboard = cfs

Routed Hydrograph Results
Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 1.00 1.28 1.56 1.99 2.36 2.78 3.91
CUHP Runoff Volume (acre-ft) = 0.436 1.255 0.928 1.233 1.543 2.040 2.461 2.949 4.243

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.928 1.233 1.543 2.040 2.461 2.949 4.243
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.4 2.2 4.6 10.8 14.8 20.1 32.6

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.03 0.17 0.35 0.82 1.12 1.52 2.48

Peak Inflow Q (cfs) = N/A N/A 17.0 22.0 26.7 36.0 43.3 53.1 75.7
Peak Outflow Q (cfs) = 0.3 0.6 0.4 0.5 1.4 5.5 10.6 15.8 19.6

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.2 0.3 0.5 0.7 0.8 0.6
Structure Controlling Flow = Plate Plate Plate Plate Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 N/A

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 60 55 60 64 63 61 59 55

Time to Drain 99% of Inflow Volume (hours) = 40 64 58 64 69 68 68 67 66

Maximum Ponding Depth (ft) = 2.69 5.77 4.35 5.40 6.41 7.15 7.72 8.88 10.00
Area at Maximum Ponding Depth (acres) = 0.24 0.27 0.27 0.27 0.26 0.25 0.23 0.17 0.17

Maximum Volume Stored (acre-ft) = 0.436 1.258 0.869 1.157 1.429 1.616 1.755 1.988 2.176

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.07 (June 2025)

Carvana - Fountain, CO

Basin A 

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2

Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 1 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 1 1 5yr, <72hr 0

Count_Weir1 = 0 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 0 0.42(diameter = 3/4 inch) WQCV 270

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 436

COUNTA_2 (Standard FSD Setup)= 0 0.58(diameter = 7/8 inch) EURV 578

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 541

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 642 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 716

WQ Plate Flow at 100yr depth = 0.79 0.97(diameter = 1-1/8 inches) 50 Year 773

CLOG #1= N/A 1.08(diameter = 1-3/16 inches) 100 Year 889 1 Z1_Boolean

n*Cdw #1 = N/A 1.20(diameter = 1-1/4 inches) 500 Year 1001 1 Z2_Boolean

n*Cdo #1 = N/A 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = N/A 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 1 1 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 0 0 0 Max Depth

VertOrifice1 Q at 100yr depth = 14.99 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 0 0 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 0 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 0 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 0 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00 0 0

maximum bound 10.00 100,000 20

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis

minimum bound

maximum bound

MHFD-Detention, Version 4.07 (June 2025)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] 500 Year [cfs]

5.00  min 0:00:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:10:00 0 0.00 0.00 0.00 0.00 0.00 0.53 0.45 2.24

0:15:00 0 0.00 1.75 3.35 4.64 3.78 5.07 5.40 8.75

0:20:00 0 0.00 7.58 10.15 12.79 9.00 11.12 12.85 19.30

0:25:00 0 0.00 15.75 20.82 26.06 18.95 23.05 26.04 38.42

0:30:00 0 0.00 16.99 22.01 26.70 35.94 43.34 50.33 72.16

0:35:00 0 0.00 14.46 18.44 22.28 35.96 43.21 53.06 75.73

0:40:00 0 0.00 12.07 15.13 18.30 32.10 38.52 46.94 66.90

0:45:00 0 0.00 9.46 12.22 14.95 26.68 31.99 40.39 57.48

0:50:00 0 0.00 7.76 10.38 12.46 22.53 26.98 33.76 48.02

0:55:00 0 0.00 6.56 8.71 10.62 18.31 21.94 28.22 40.14

1:00:00 0 0.00 5.50 7.27 9.01 15.15 18.16 24.20 34.43

1:05:00 0 0.00 4.63 6.11 7.69 12.67 15.19 20.92 29.76

1:10:00 0 0.00 3.68 5.37 6.89 9.91 11.90 15.67 22.35

1:15:00 0 0.00 3.16 4.81 6.61 8.17 9.83 12.16 17.42

1:20:00 0 0.00 2.89 4.35 6.04 6.75 8.12 9.19 13.18

1:25:00 0 0.00 2.73 4.05 5.26 5.87 7.05 7.28 10.45

1:30:00 0 0.00 2.64 3.85 4.74 5.01 6.01 6.12 8.79

1:35:00 0 0.00 2.57 3.72 4.38 4.42 5.31 5.34 7.66

1:40:00 0 0.00 2.53 3.28 4.13 4.06 4.88 4.83 6.94

1:45:00 0 0.00 2.50 2.96 3.97 3.81 4.57 4.49 6.45

1:50:00 0 0.00 2.49 2.75 3.85 3.66 4.39 4.32 6.20

1:55:00 0 0.00 2.09 2.60 3.64 3.57 4.28 4.25 6.10

2:00:00 0 0.00 1.81 2.42 3.25 3.51 4.22 4.23 6.06

2:05:00 0 0.00 1.22 1.63 2.19 2.38 2.85 2.87 4.12

2:10:00 0 0.00 0.80 1.07 1.46 1.58 1.90 1.91 2.75

2:15:00 0 0.00 0.52 0.69 0.95 1.04 1.25 1.26 1.81

2:20:00 0 0.00 0.32 0.43 0.59 0.65 0.78 0.79 1.13

2:25:00 0 0.00 0.19 0.27 0.36 0.41 0.49 0.50 0.72

2:30:00 0 0.00 0.09 0.15 0.20 0.23 0.28 0.28 0.40

2:35:00 0 0.00 0.04 0.07 0.08 0.11 0.13 0.13 0.18

2:40:00 0 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.05

2:45:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:50:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.

The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Elevation Area Area Volume Volume
Total

Outflow

[ft] [ft] [ft
 2

] [acres] [ft
 3

] [ac-ft] [cfs]

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.07 (June 2025)

Stage - Storage

Description

For best results, include the 

stages of all grade slope 

changes (e.g. ISV and 

Floor) from the S-A-V table 

on 

Sheet 'Basin'. 

Also include the inverts of 

all outlets (e.g. vertical 

orifice, overflow grate, and 

spillway, where applicable).
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MHFD-Inlet, Version 6.00 (August 2025)

Project: Carvana, Fountain CO

Minor: 5-year

Major: 100-year

Worksheet Protected

INLET NAME Inlet A-1 Inlet A-2 Inlet A-3 Inlet A-4

Inlet Application (Street or Area) STREET STREET AREA STREET

Hydraulic Condition In Sump In Sump Swale In Sump

Inlet Type CDOT Type R Curb Opening CDOT Type R Curb Opening CDOT Type C (Depressed) CDOT Type R Curb Opening

Number of Inlet Units 1 1 1 1

USER-DEFINED INPUT

User-Defined Peak Flows

Minor Peak Flow, Q (cfs) 3.05 9.80 7.86 4.96

Major Peak Flow, Q (cfs) 7.80 22.94 18.41 11.61

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:

Bypass Flow Description (Optional):

Minor Bypass Flow Received, Qb (cfs)

Major Bypass Flow Received, Qb (cfs)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs) 3.05 9.80 7.86 4.96

Major Total Design Peak Flow, Q (cfs) 7.80 22.94 18.41 11.61

Minor Inlet Interception Capacity, Qa (cfs) 8.28 16.04 15.52 16.04

Major Inlet Interception Capacity, Qa (cfs) 9.78 23.37 16.02 16.04

Minor Flow Bypassed Downstream, Qb (cfs) N/A N/A 0.00 N/A

Major Flow Bypassed Downstream, Qb (cfs) N/A N/A 2.39 N/A

Minor Flow Capture Percentage, C% 100% 100% 100% 100%

Major Flow Capture Percentage, C% 100% 100% 87% 100%

INLET MANAGEMENT
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Project: Carvana, Fountain CO

Minor: 5-year

Major: 100-year

Worksheet Protected

INLET NAME

Inlet Application (Street or Area)

Hydraulic Condition

Inlet Type

Number of Inlet Units

USER-DEFINED INPUT

User-Defined Peak Flows

Minor Peak Flow, Q (cfs)

Major Peak Flow, Q (cfs)

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:

Bypass Flow Description (Optional):

Minor Bypass Flow Received, Qb (cfs)

Major Bypass Flow Received, Qb (cfs)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs)

Major Total Design Peak Flow, Q (cfs)

Minor Inlet Interception Capacity, Qa (cfs)

Major Inlet Interception Capacity, Qa (cfs)

Minor Flow Bypassed Downstream, Qb (cfs)

Major Flow Bypassed Downstream, Qb (cfs)

Minor Flow Capture Percentage, C%

Major Flow Capture Percentage, C%

INLET MANAGEMENT

Inlet A-5 Inlet A-6 Inlet A-7

STREET STREET STREET

In Sump In Sump In Sump

CDOT Type R Curb Opening CDOT Type R Curb Opening CDOT Type R Curb Opening

1 1 1

4.15 4.38 3.74

9.71 10.25 8.75

Inlet A-3

0.00

2.39

4.15 4.38 3.74

12.10 10.25 8.75

16.04 16.04 16.04

16.04 16.04 16.04

N/A N/A N/A

N/A N/A N/A

100% 100% 100%

100% 100% 100%



Analysis of Trapezoidal Channel (Grass-Lined uses SCS Method)

NRCS Vegetal Retardance (A, B, C, D, or E) A, B, C, D, or E =

Manning's n (Leave cell D16 blank to manually enter an n value) n = 0.013
Channel Invert Slope SO = 0.0200 ft/ft

Bottom Width B = 2.00 ft

Left Side Slope Z1 = 50.00 ft/ft

Right Side Sloe Z2 = 50.00 ft/ft

Check one of the following soil types:

          Soil Type:               Max. Velocity (VMAX)       Max Froude No. (FMAX)

      Non-Cohesive                     5.0 fps                                   0.60

          Cohesive                        7.0 fps                                   0.80

            Paved                            N/A                                      N/A

Minor Storm Major Storm

Maximum Allowable Top Width of Channel for Minor & Major Storm TMAX = 100.00 100.00 ft

Maximum Allowable Water Depth in Channel for Minor & Major Storm dMAX = 1.00 1.00 ft

Allowable Channel Capacity Based On Channel Geometry Minor Storm Major Storm

MINOR STORM Allowable Capacity is based on Top Width Criterion Qallow = 510.1 510.1 cfs

MAJOR STORM Allowable Capacity is based on Top Width Criterion dallow = 0.98 0.98 ft

Water Depth in Channel Based On Design Peak Flow
Design Peak Flow Qo = 7.9 18.4 cfs

Water Depth d = 0.19 0.27 ft

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

MHFD-Inlet, Version 6.00 (August 2025)

AREA INLET IN A SWALE

Carvana, Fountain CO

Inlet A-3

This worksheet uses the NRCS vegetal 

retardance method to determine 

Manning's n for grass-lined channels.

An override Manning's n can be 

entered for other channel materials.

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Non-Cohesive

Cohesive

Paved

Choose One:

Carvana-MHFD-Inlet_v6.00.xlsm, Inlet A-3 4/22/2026, 8:29 AM



MHFD-Inlet, Version 6.00 (August 2025)

AREA INLET IN A SWALE

Carvana, Fountain CO

Inlet A-3

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 = 0.84
Orifice Coefficient Co = 0.56
Weir Coefficient Cw = 1.81

MINOR MAJOR

Water Depth at Inlet (for depressed inlets, 1 foot is added for depression) d = 1.19 1.27

Total Inlet Interception Capacity (assumes clogged condition) Qa = 15.5 16.0 cfs

Bypassed Flow Qb = 0.0 2.4 cfs

Capture Percentage = Qa/Qo C% = 100 87 %

CDOT Type C (Depressed)

Carvana-MHFD-Inlet_v6.00.xlsm, Inlet A-3 4/22/2026, 8:29 AM



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

Project: Carvana, Fountain CO

Inlet ID: Inlet A-4

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 10.0 10.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 8.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 8.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.50 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 16.0 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 5.0 11.6 cfs

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

Override Depths

1



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

Project: Carvana, Fountain CO

Inlet ID: Inlet A-5

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 8.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 8.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.50 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 16.0 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 4.2 12.1 cfs

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

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

Project: Carvana, Fountain CO

Inlet ID: Inlet A-6

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 8.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 8.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.50 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 16.0 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 4.4 10.3 cfs

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

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

Project: Carvana, Fountain CO

Inlet ID: Inlet A-7

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 8.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 8.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.50 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 16.0 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 3.7 8.8 cfs

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

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

Project: Carvana, Fountain CO

Inlet ID: Inlet A-1

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.030 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 6.4 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 3.00 3.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 6.4 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.33 0.37 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 0.93 0.96

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 8.3 9.8 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 3.1 7.8 cfs

H-Vert
H-Curb

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

Project: Carvana, Fountain CO

Inlet ID: Inlet A-2

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 12.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 12.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.83 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 23.4 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 9.8 22.9 cfs

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

Override Depths

1



MHFD-Inlet, Version 6.00 (August 2025)

Project: Carvana, Fountain CO

Minor: 5-year

Major: 100-year

Worksheet Protected

INLET NAME A-2 A-3 A-4 A-5

Inlet Application (Street or Area) STREET STREET AREA STREET

Hydraulic Condition In Sump In Sump Swale In Sump

Inlet Type CDOT Type R Curb Opening CDOT Type R Curb Opening CDOT Type C (Depressed) CDOT Type R Curb Opening

Number of Inlet Units 1 1 1 1

USER-DEFINED INPUT

User-Defined Peak Flows

Minor Peak Flow, Q (cfs) 3.05 9.80 7.86 4.96

Major Peak Flow, Q (cfs) 7.80 22.94 18.41 11.61

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:

Bypass Flow Description (Optional):

Minor Bypass Flow Received, Qb (cfs)

Major Bypass Flow Received, Qb (cfs)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs) 3.05 9.80 7.86 4.96

Major Total Design Peak Flow, Q (cfs) 7.80 22.94 18.41 11.61

Minor Inlet Interception Capacity, Qa (cfs) 8.28 16.04 15.52 16.04

Major Inlet Interception Capacity, Qa (cfs) 9.78 23.37 16.02 16.04

Minor Flow Bypassed Downstream, Qb (cfs) N/A N/A 0.00 N/A

Major Flow Bypassed Downstream, Qb (cfs) N/A N/A 2.39 N/A

Minor Flow Capture Percentage, C% 100% 100% 100% 100%

Major Flow Capture Percentage, C% 100% 100% 87% 100%

INLET MANAGEMENT



MHFD-Inlet, Version 6.00 (August 2025)

Project: Carvana, Fountain CO

Minor: 5-year

Major: 100-year

Worksheet Protected

INLET NAME

Inlet Application (Street or Area)

Hydraulic Condition

Inlet Type

Number of Inlet Units

USER-DEFINED INPUT

User-Defined Peak Flows

Minor Peak Flow, Q (cfs)

Major Peak Flow, Q (cfs)

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:

Bypass Flow Description (Optional):

Minor Bypass Flow Received, Qb (cfs)

Major Bypass Flow Received, Qb (cfs)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs)

Major Total Design Peak Flow, Q (cfs)

Minor Inlet Interception Capacity, Qa (cfs)

Major Inlet Interception Capacity, Qa (cfs)

Minor Flow Bypassed Downstream, Qb (cfs)

Major Flow Bypassed Downstream, Qb (cfs)

Minor Flow Capture Percentage, C%

Major Flow Capture Percentage, C%

INLET MANAGEMENT

A-6 A-7 A-8

STREET STREET STREET

In Sump In Sump In Sump

CDOT Type R Curb Opening CDOT Type R Curb Opening CDOT Type R Curb Opening

1 1 1

4.15 4.38 3.74

9.71 10.25 8.75

A-4

0.00

2.39

4.15 4.38 3.74

12.10 10.25 8.75

16.04 16.04 16.04

16.04 16.04 16.04

N/A N/A N/A

N/A N/A N/A

100% 100% 100%

100% 100% 100%



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

Project: Carvana, Fountain CO

Inlet ID: A-2

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.030 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 6.4 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 3.00 3.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 6.4 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.33 0.37 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 0.93 0.96

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 8.3 9.8 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 3.1 7.8 cfs

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

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

Project: Carvana, Fountain CO

Inlet ID: A-3

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 12.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 12.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.83 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 23.4 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 9.8 22.9 cfs

H-Vert
H-Curb

W

Lo (C)
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WP

Override Depths

1



Analysis of Trapezoidal Channel (Grass-Lined uses SCS Method)

NRCS Vegetal Retardance (A, B, C, D, or E) A, B, C, D, or E =

Manning's n (Leave cell D16 blank to manually enter an n value) n = 0.013
Channel Invert Slope SO = 0.0200 ft/ft

Bottom Width B = 2.00 ft

Left Side Slope Z1 = 50.00 ft/ft

Right Side Sloe Z2 = 50.00 ft/ft

Check one of the following soil types:

          Soil Type:               Max. Velocity (VMAX)       Max Froude No. (FMAX)

      Non-Cohesive                     5.0 fps                                   0.60

          Cohesive                        7.0 fps                                   0.80

            Paved                            N/A                                      N/A

Minor Storm Major Storm

Maximum Allowable Top Width of Channel for Minor & Major Storm TMAX = 100.00 100.00 ft

Maximum Allowable Water Depth in Channel for Minor & Major Storm dMAX = 1.00 1.00 ft

Allowable Channel Capacity Based On Channel Geometry Minor Storm Major Storm

MINOR STORM Allowable Capacity is based on Top Width Criterion Qallow = 510.1 510.1 cfs

MAJOR STORM Allowable Capacity is based on Top Width Criterion dallow = 0.98 0.98 ft

Water Depth in Channel Based On Design Peak Flow
Design Peak Flow Qo = 7.9 18.4 cfs

Water Depth d = 0.19 0.27 ft

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

MHFD-Inlet, Version 6.00 (August 2025)

AREA INLET IN A SWALE

Carvana, Fountain CO

A-4

This worksheet uses the NRCS vegetal 

retardance method to determine 

Manning's n for grass-lined channels.

An override Manning's n can be 

entered for other channel materials.

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Non-Cohesive

Cohesive

Paved

Choose One:

Carvana-MHFD-Inlet_v6.00.xlsm, A-4 5/13/2026, 12:34 PM



MHFD-Inlet, Version 6.00 (August 2025)

AREA INLET IN A SWALE

Carvana, Fountain CO

A-4

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 = 0.84
Orifice Coefficient Co = 0.56
Weir Coefficient Cw = 1.81

MINOR MAJOR

Water Depth at Inlet (for depressed inlets, 1 foot is added for depression) d = 1.19 1.27

Total Inlet Interception Capacity (assumes clogged condition) Qa = 15.5 16.0 cfs

Bypassed Flow Qb = 0.0 2.4 cfs

Capture Percentage = Qa/Qo C% = 100 87 %

CDOT Type C (Depressed)

Carvana-MHFD-Inlet_v6.00.xlsm, A-4 5/13/2026, 12:34 PM



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

Project: Carvana, Fountain CO

Inlet ID: A-5

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 10.0 10.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 8.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 8.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.50 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 16.0 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 5.0 11.6 cfs
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Override Depths
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ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)
                                                 (Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project: Carvana, Fountain CO

Inlet ID: A-6

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 8.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 8.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.50 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 16.0 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 4.2 12.1 cfs
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H-Curb

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

Project: Carvana, Fountain CO

Inlet ID: A-7

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 8.0 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 6.00 (August 2025)
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                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 8.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.50 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 16.0 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 4.4 10.3 cfs
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ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)
                                                 (Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project: Carvana, Fountain CO

Inlet ID: A-8

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 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 = 20.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 8.0 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 6.00 (August 2025)

1



                         INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 6.00 (August 2025)

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 1.00 1.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 8.0 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 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) = 3.60 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.50 0.50 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 16.0 16.0 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 3.7 8.8 cfs

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

Override Depths

1



River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Notes

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

2438 100_yr_Flow EX_100yr_river_flow 4328.00 5536.94 5543.57 5540.91 5543.86 0.0026 4.30 1007.66 221.51 0.36

2438 100_yr_Flow PR_100Y 4328.00 5536.94 5543.57 5540.90 5543.86 0.0026 4.30 1007.66 221.51 0.36

2243 100_yr_Flow EX_100yr_river_flow 4328.00 5536.22 5542.14 5542.97 0.0082 7.37 603.74 182.37 0.63

2243 100_yr_Flow PR_100Y 4328.00 5536.22 5542.14 5542.97 0.0082 7.37 603.83 182.40 0.63

2018 100_yr_Flow EX_100yr_river_flow 4328.00 5533.22 5540.31 5541.14 0.0081 7.30 592.99 138.51 0.62

2018 100_yr_Flow PR_100Y 4328.00 5533.22 5540.31 5541.14 0.0081 7.30 592.72 138.50 0.62

1735 100_yr_Flow EX_100yr_river_flow 4328.00 5531.31 5539.31 5539.69 0.0030 4.94 875.24 174.68 0.39 Downstream station from culverts

1735 100_yr_Flow PR_100Y 4328.00 5531.31 5539.30 5536.46 5539.68 0.0030 4.95 874.14 174.62 0.39

1633 100_yr_Flow EX_100yr_river_flow 4328.00 5530.88 5538.86 5539.33 0.0039 5.47 791.76 165.76 0.44

1633 100_yr_Flow PR_100Y 4328.00 5530.88 5538.86 5539.33 0.0039 5.47 791.76 165.76 0.44

1579 100_yr_Flow EX_100yr_river_flow 4328.00 5531.44 5537.36 5537.07 5538.83 0.0182 9.73 444.60 124.07 0.91

1579 100_yr_Flow PR_100Y 4328.00 5531.44 5537.36 5537.07 5538.83 0.0182 9.73 444.60 124.07 0.91

1373 100_yr_Flow EX_100yr_river_flow 4328.00 5529.80 5536.94 5537.28 0.0029 4.64 932.27 197.52 0.38

1373 100_yr_Flow PR_100Y 4328.00 5529.80 5536.94 5537.28 0.0029 4.64 932.27 197.52 0.38

715 100_yr_Flow EX_100yr_river_flow 4328.00 5528.17 5532.55 5532.33 5533.20 0.0214 6.47 669.08 392.11 0.87

715 100_yr_Flow PR_100Y 4328.00 5528.17 5532.55 5532.33 5533.20 0.0214 6.47 669.08 392.11 0.87

302 100_yr_Flow EX_100yr_river_flow 4328.00 5526.47 5531.55 5531.63 0.0013 2.36 1832.95 599.36 0.24

302 100_yr_Flow PR_100Y 4328.00 5526.47 5531.55 5531.63 0.0013 2.36 1832.95 599.36 0.24

22 100_yr_Flow EX_100yr_river_flow 4328.00 5523.98 5530.03 5529.38 5530.43 0.0100 5.11 847.44 398.99 0.62

22 100_yr_Flow PR_100Y 4328.00 5523.98 5530.03 5529.38 5530.43 0.0100 5.11 847.44 398.99 0.62

Upstream station from culverts



REINFORCED BULKHEAD

ALT2 OR POLYMER COATED*SMALL DIAMETER BULKHEAD
MANIFOLD TO CONNECT MULTIPLE BARRELS

STUB TO ACCEPT
INLET PIPE (TYP.)

16 GA. HUGGER BANDS
W/ 12" WIDE FLAT GASKETS
COATING TO MATCH PIPE COATING 2'-6"

36"Ø RISER

2'-6"
36"Ø RISER

SYSTEM OUTFALL
TO DRYWELLS

11
"±

PLACE REINFORCEMENT
ON OUTSIDE OF SYSTEM

AND EXTEND MEMBER
PAST PIPE EDGE

REINFORCING
MEMBER

TYPICAL BULKHEAD REINFORCEMENT DETAIL
NOT TO SCALE

A

B

C

D

E

E

D

C

B

A
3/32

4-12
C3x4.1

REINFORCING
TYP**

1/16

800-338-1122         513-645-7000         513-645-7993 FAX

9100 Centre Pointe Dr., Suite 400,  West Chester, OH 45069

ARIZONA CMP DETENTION
STANDARD DETAIL

ALL INFORMATION ON THIS SHEET IS FOR A TYPICAL DETENTION SYSTEM AND IS SUBJECT TO CHANGE ON A PROJECT BASIS.
*COATING TO BE SELECTED BY EOR BASED ON SOIL TYPES THAT WILL BE IN CONTACT WITH THE PIPE. SEE TABLES ON SHEET 2 FOR DURABILITY
RECOMMENDATIONS.
**BULKHEADS SHALL BE 12-GAGE OR HEAVIER WITH THE WATER SIDE AND SOIL SIDE COATING MATCHING THE SPECIFIED CMP COATING. BULKHEAD
PLATES SHALL BE FULLY WELDED ONTO THE CMP. IF BULKHEAD PLATES REQUIRE REINFORCEMENTS, THE REINFORCEMENTS AND ATTACHMENT METHODS
WILL BE DESIGNED IN ACCORDANCE WITH CHAPTER 8 OF THE NCSPA CSP DESIGN MANUAL. REINFORCING MEMBERS SHALL BE POST COATED WITH ZINC
RICH PAINT PER AASHTO M 36 (FOR GALVANIZED OR ALUMINIZED SYSTEMS) OR PER AASHTO M 245 (FOR POLYMER COATED SYSTEMS).



TABLE 2:

CMP DETENTION AND CMP DRAINAGE STANDARD BACKFILL SPECIFICATIONS

MATERIAL LOCATION MATERIAL SPECIFICATION DESCRIPTION

FILL ENVELOPE WIDTH PER ENGINEER OF RECORD

MINIMUM TRENCH WIDTH MUST ALLOW ROOM FOR PROPER COMPACTION OF
HAUNCH MATERIALS UNDER THE PIPE.

       THE SUGGESTED MINIMUM TRENCH WIDTH, OR EOR RECOMMENDATION:
PIPE ≤ 12": D + 16"

PIPE > 12": 1.5D + 12"

MINIMUM EMBANKMENT WIDTH (IN FEET) FOR INITIAL FILL ENVELOPE:
PIPE < 24": 3.0D

PIPE 24" - 144": D + 4'0"
PIPE > 144": D + 10'0"

FOUNDATION AASHTO 26.5.2 OR PER ENGINEER OF RECORD
PRIOR TO PLACING THE BEDDING, THE FOUNDATION  MUST BE CONSTRUCTED TO A UNIFORM AND STABLE GRADE. IN THE EVENT THAT UNSUITABLE

FOUNDATION MATERIALS ARE ENCOUNTERED DURING EXCAVATION, THEY SHALL BE REMOVED AND FOUNDATION BROUGHT BACK TO GRADE WITH A FILL
MATERIAL APPROVED BY THE ENGINEER OF RECORD.

BEDDING
AASHTO M 43: 3, 357, 4, 467, 5, 56, 57

(APPROVED REGIONAL EQUIVALENTS INCLUDE CA-7)

ENGINEER OF RECORD TO DETERMINE IF BEDDING IS REQUIRED. PIPE MAY BE PLACED ON THE TRENCH BOTTOM OF A RELATIVELY LOOSE, NATIVE SUITABLE
WELL GRADED GRANULAR MATERIAL THAT IS ROUGHLY SHAPED TO FIT THE BOTTOM OF THE PIPE, 2" MIN DEPTH. THE BEDDING MATERIAL  MAY BE SUITABLE

FOUNDATION SOILS CONFORMING TO AASHTO SOIL CLASSIFICATIONS A1, A2, OR A3 WITH MAXIMUM PARTICLE SIZE OF 3" PER AASHTO 26.3.8.1

CORRUGATED METAL PIPE

CRITICAL BACKFILL AASHTO M 145: A-1, A-2, A-3 *

HAUNCH ZONE MATERIAL SHALL BE HAND SHOVELED OR SHOVEL SLICED INTO PLACE TO ALLOW FOR PROPER COMPACTION WITHOUT SOFT SPOTS.
BACKFILL SHALL BE PLACED IN 8" +/- LOOSE LIFTS AND COMPACTED TO 90% STANDARD PROCTOR PER AASHTO T 99.  BACKFILL SHALL BE PLACED SUCH

THAT THERE IS NO MORE THAN A THREE LIFT (24") DIFFERENTIAL BETWEEN ANY OF THE PIPES AT ANY TIME DURING THE BACKFILL PROCESS.  THE BACKFILL
SHOULD BE ADVANCED ALONG THE LENGTH OF THE SYSTEM TO AVOID DIFFERENTIAL LOADING.

WELL GRADED GRANULAR MATERIAL WHICH MAY CONTAIN SMALL AMOUNTS OF SILT OR CLAY AND MAXIMUM PARTICLE SIZE OF 3" (PER AASHTO 26.3.8.1 AND
BACKFILL AASHTO M 145: A-1, A-2, A-3 12.4-1.3).

COVER MATERIAL UP TO MIN. COVER - SEE 5A AND 5B ABOVE
ABOVE MIN. COVER - PER ENGINEER OF RECORD

COVER MATERIAL MAY INCLUDE NON-BITUMINOUS, GRANULAR ROAD BASE MATERIAL WITHIN MIN COVER LIMITS

RIGID OR FLEXIBLE PAVEMENT (IF
APPLICABLE) PER ENGINEER OF RECORD FLEXIBLE PAVEMENT SHOULD NOT BE COUNTED AS PART OF THE FILL HEIGHT OVER THE CMP. FINAL BACKFILL MATERIAL SELECTION AND COMPACTION

REQUIREMENTS SHALL FOLLOW THE PROJECT PLANS AND SPECIFICATIONS PER THE ENGINEER OF RECORD.

OPTIONAL SIDE GEOTEXTILE NONE GEOTEXTILE LAYER IS RECOMMENDED ON SIDES OF EXCAVATION TO PREVENT SOIL MIGRATION.

OPTIONAL GEOTEXTILE BETWEEN
LAYERS NONE IF SOIL TYPES DIFFER AT ANY POINT ABOVE PIPE INVERT, A GEOTEXTILE LAYER IS RECOMMENDED TO BE PLACED BETWEEN THE LAYERS TO PREVENT SOIL

MIGRATION.

1

2

3

4

5A

5B

6

7

A

DIAMETER, D MIN.
COVER

CORR.
PROFILE

6"-10" 12" 1 1/2" x 1/4"

12"-48" 12" 2 2/3" x 1/2"

>48"-96" 12" 3" x 1", 5" x 1"

>96" D/8 3" x 1", 5" x 1"

· STRUCTURAL BACKFILL MUST EXTEND TO
LIMITS OF THE TABLE

· TOTAL HEIGHT OF COMPACTED COVER FOR
CONVENTIONAL HIGHWAY LOADS IS MEASURED
FROM TOP OF PIPE TO BOTTOM OF FLEXIBLE
PAVEMENT OR TOP OF RIGID PAVEMENT

· ULTRAFLO ALSO AVAILABLE FOR SIZES 18" - 120"
WITH 3/4"x 3/4"x 7 1/2" CORRUGATION

TABLE 1:

INSTALLATION NOTES

1. WHEN PLACING THE FIRST LIFTS OF BACKFILL IT IS
IMPORTANT TO MAKE SURE THAT THE BACKFILL IS PROPERLY
COMPACTED UNDER AND AROUND THE PIPE HAUNCHES.

2. OTHER ALTERNATE BACKFILL MATERIAL MAY BE ALLOWED
DEPENDING ON SITE SPECIFIC CONDITIONS, AS APPROVED BY
SITE ENGINEER.

3. BACKFILL USING CONTROLLED LOW-STRENGTH MATERIAL
(CLSM, "FLASH FILL" OR "FLOWABLE FILL") MAY BE USED
WHEN THE SPACING BETWEEN THE PIPES WILL NOT ALLOW
FOR PLACEMENT AND ADEQUATE COMPACTION OF THE
BACKFILL. CONTACT CONTECH FOR FURTHER EVALUATION.

4. IF SALTING AGENTS FOR SNOW AND ICE REMOVAL ARE USED
ON OR NEAR THE PROJECT, A GEOMEMBRANE BARRIER IS
RECOMMENDED OVER THE UPPER HALF OF THE PIPE.  THE
GEOMEMBRANE LINER IS INTENDED TO HELP PROTECT THE
SYSTEM FROM THE POTENTIAL ADVERSE EFFECTS THAT MAY
RESULT FROM A CHANGE IN THE SURROUNDING
ENVIRONMENT OVER A PERIOD OF TIME.  PLEASE REFER TO
THE CORRUGATED METAL PIPE DETENTION DESIGN GUIDE
FOR ADDITIONAL INFORMATION.

HAUNCH
ZONE

MANUFACTURER RECOMMENDED BACKFILL
NOT TO SCALE

7

5B

3

A

   1     FILL ENVELOPE

   4     CMP

2

A

MINIMUM WIDTH DEPENDS ON SITE CONDITIONS AND ENGINEERING JUDGEMENT
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1)

IN SITU

DIAMETER, D

TRENCH EMBANKMENT

IN GEOGRAPHIES WITH
SALTING. SEE
INSTALLATION NOTE 4

ABOVE DETAIL IS A
RECOMMENDATION. CONSULT
GEOTECHNICAL EOR FOR PROJECT
SPECIFIC BACKFILL REQUIREMENTS.

NOTES:
· FOR MULTIPLE BARREL INSTALLATIONS, THE RECOMMENDED STANDARD SPACING BETWEEN PARALLEL PIPE RUNS SHALL BE THE PIPE DIAMETER /2 BUT NO LESS THAN 12" FOR DIAMETERS <72". FOR 72" AND LARGER DIAMETERS, THE MINIMUM

SPACING IS 36". CONTACT YOUR CONTECH REPRESENTATIVE FOR NONSTANDARD SPACING.
*   APPROVED REGIONAL EQUIVALENTS FOR SECTION 5A INCLUDE CA-7, CODOT #67, MIDOT 2G, 34G, OR 21AA STONE OR GRAVEL; #8; #57; MIDOT 6A, 2G, 3G, 34G.

6

B

B

5A

B

800-338-1122         513-645-7000         513-645-7993 FAX

9100 Centre Pointe Dr., Suite 400,  West Chester, OH 45069

ARIZONA CMP DETENTION
STANDARD DETAIL



12 1/8"

10 1/4"

SINGLE BAR,
BOLT AND STRAP (SBBS)

GENERAL NOTES:

1. JOINT IS TO BE ASSEMBLED PER AASHTO BRIDGE CONSTRUCTION SPECIFICATION SEC 26.4.2.4.

2. BAND MATERIALS AND/OR COATING CAN VARY BY LOCATION. CONTACT YOUR CONTECH REPRESENTATIVE FOR AVAILABILITY.

3. BANDS ARE SHAPED TO MATCH THE PIPE-ARCH WHEN APPLICABLE.

4. BANDS ARE NORMALLY FURNISHED AS FOLLOWS:
· 12" THRU 48" 1-PIECE
· 54" THRU 96" 2-PIECES
· 102" THRU 144" 3-PIECES

5. BAND FASTENERS ARE ATTACHED WITH SPOT WELDS, RIVETS OR HAND WELDS.

6. ALL CMP IS REROLLED TO HAVE ANNULAR END CORRUGATIONS OF 2 2/3"x1/2"

7. DIMENSIONS ARE SUBJECT TO MANUFACTURING TOLERANCES.

8. ORDER SHALL DESIGNATE GASKET OPTION, IF REQUIRED (SEE DETAILS ABOVE).

H-12 HUGGER BAND DETAIL
NOT TO SCALE

2 2/3"x1/2" RE-ROLLED END HEL-COR PIPE

CONNECTION DETAIL
(SBBS)

FLAT GASKET

FLAT GASKET
HUGGER

BAND

800-338-1122         513-645-7000         513-645-7993 FAX

9100 Centre Pointe Dr., Suite 400,  West Chester, OH 45069

ARIZONA CMP DETENTION
STANDARD DETAIL

CONSTRUCTION LOADS

FOR TEMPORARY CONSTRUCTION VEHICLE LOADS, AN EXTRA AMOUNT OF COMPACTED COVER MAY BE REQUIRED OVER
THE TOP OF THE PIPE.  THE HEIGHT-OF-COVER SHALL MEET THE MINIMUM REQUIREMENTS SHOWN IN THE TABLE BELOW.
THE USE OF HEAVY CONSTRUCTION EQUIPMENT NECESSITATES GREATER PROTECTION FOR THE PIPE THAN FINISHED
GRADE COVER MINIMUMS FOR NORMAL HIGHWAY TRAFFIC.

PIPE SPAN,
INCHES

18-50
MINIMUM COVER (FT)

AXLE LOADS
(kips)

50-75 75-110 110-150

12-42 2.0 2.5 3.0 3.0

4.03.53.048-72 3.0

3.078-120 3.5 4.0 4.0

4.54.54.0126-144 3.5

*MINIMUM COVER MAY VARY, DEPENDING ON LOCAL CONDITIONS.  THE CONTRACTOR MUST PROVIDE THE ADDITIONAL
COVER REQUIRED TO AVOID DAMAGE TO THE PIPE.  MINIMUM COVER IS MEASURED FROM THE TOP OF THE PIPE TO
THE TOP OF THE MAINTAINED CONSTRUCTION ROADWAY SURFACE.

 HEIGHT OF
COVER

TEMPORARY COVER FOR
CONSTRUCTION LOADS

FINISHED
GRADE

 CONSTRUCTION LOADING DIAGRAM
NOT TO SCALE

ESTIMATED MATERIAL SERVICE LIFE FOR CSP
CSP MATERIAL ESTIMATED SERVICE LIFE SITE ENVIRONMENTAL CONDITIONS MAXIMUM FHWA ABRASION LEVEL

ALUMINIZED TYPE 2 CSP

MINIMUM 100 YEARS
4.5 ≤ pH ≤ 9

LEVEL #2
r ≥ 5,000 OHM-CM

MINIMUM 75 YEARS
5 ≤ pH ≤ 9

r  ≥ 1,500 OHM-CM

POLYMER COATED CSP

MINIMUM 100 YEARS
5 ≤ pH ≤ 9

LEVEL #3

r ≥ 1,500 OHM-CM

MINIMUM 75 YEARS
4 ≤ pH ≤ 9

r ≥ 750 OHM-CM

MINIMUM 50 YEARS
3 ≤ pH ≤ 12

r ≥ 250 OHM-CM



800-338-1122         513-645-7000         513-645-7993 FAX

9100 Centre Pointe Dr., Suite 400,  West Chester, OH 45069

ARIZONA CMP DETENTION
STANDARD DETAIL

GASKET MATERIAL SUFFICIENT TO
PREVENT SLAB FROM BEARING ON

RISER TO BE PROVIDED BY
CONTRACTOR.

CMP PROTECTION
SLAB

RIM
FINISHED GRADE

58"

38" 10"
TYP.

2"
C

O
VE
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YP
.

1"
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6"
10

"

GASKET MATERIAL
SUFFICIENT TO PREVENT
SLAB FROM BEARING ON

RISER TO BE PROVIDED BY
CONTRACTOR.

CMP PROTECTION
SLAB

58"

38" 10"
TYP.

2"
C
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R
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.

1"
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(T
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. A
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6"

10
"

VA
R

IE
S

RIM
FINISHED GRADE

FRAME AND COVER/
GRATE WITH GRADE
RINGS AS REQUIRED.
GRADE RINGS TO BE
PROVIDED AND
INSTALLED BY
CONTRACTOR.

FRAME AND COVER/
GRATE CAST-IN

FLANGE UP

www.ContechES.com

®

PLAN VIEW
(SOLID CASTING)

24"Ø HS25 LOAD RATED
30"Ø HS25 LOAD RATED

ELEVATION VIEW
(FLUSH MOUNTED)

ELEVATION VIEW

PLAN VIEW
(GRATED CASTING)

30"Ø HS25 LOAD RATED

 PRECAST 58" OD CMP RISER CAP
UP TO 36" RISERS

PRECASTER: SEALY, TX

FABRICATION NOTES:

1.CONCRETE STRENGTH = 4,000 PSI

2.REINFORCING STEEL - ASTM A615, GRADE 60, OR EQUIVALENT WELDED WIRE FABRIC.

3.NICE LIGHT BROOM FINISH FOR UNITS W/ CAST-IN FRAME AND COVER

4.LIFTERS IN SIDE FOR UNITS W/ CAST-IN FRAME AND COVER AND LIFTERS IN TOP SLAB FOR UNITS W/
SEPARATE COVER

GENERAL NOTES:

1.DESIGN LOAD HS20/HS25

2.EARTH COVER = 1' MAX

3.RISER CAP MUST BE ADEQUATELY SUPPORTED WITH PROPER BEDDING AND
BEARING PRESSURE OF 3350 PSF AS TO NOT TRANSFER LOADS ONTO RISER.

4.HEAVY PICK WEIGHT = 1,900 LBS

CAST-IN COVER

SEPARATE COVER

CHECK ONE:

24"Ø COVER

CHECK ONE:

30"Ø GRATE

30"Ø COVER

CAST-IN PLACE MANHOLE CAP DETAIL
NOT TO SCALE

8"

11" TYP.

2"
 C

O
VE

R
TY

P.
1"

 G
AP

 (T
YP

. A
LL

SI
D

ES
)

NOTES:

1. DESIGN IN ACCORDANCE WITH AASHTO, 17th
EDITION AND ACI 350.

2. DESIGN LOAD HS25.

3. EARTH COVER = 1' MAX.

4. CONCRETE STRENGTH = 4,000 psi

5. REINFORCING STEEL = ASTM A615, GRADE 60.

6. PROVIDE ADDITIONAL REINFORCING AROUND
OPENINGS EQUAL TO THE BARS INTERRUPTED,
HALF EACH SIDE.  ADDITIONAL BARS TO BE IN THE
SAME PLANE.

A

A

2" COVER
(TYP)

SECTION VIEW

ROUND OPTION PLAN VIEW SQUARE OPTION PLAN VIEW

Ø CMP RISER

INTERRUPTED BAR
REPLACEMENT,
SEE NOTE 6.

STANDARD
REINFORCING,

SEE TABLE

OPENING IN
PROTECTION

SLAB FOR
ACESS

#4 DIAGONAL TRIM
BAR (TYP. 4 PLACES),

SEE NOTE 7.

A

INTERRUPTED BAR
REPLACEMENT, SEE

NOTE 6.

B

OPENING IN
PROTECTION

SLAB FOR
ACCESS

#4 DIAGONAL TRIM
BAR (TYP. 4 PLACES),

SEE NOTE 7.

STANDARD
REINFORCING,
SEE TABLE

GASKET MATERIAL
SUFFICIENT TO PREVENT
SLAB FROM BEARING ON

RISER TO BE PROVIDED BY
CONTRACTOR.

2" COVER

(TYP.)

ØB

REINFORCING TABLE

Ø CMP
RISER A B Ø REINFORCING

**BEARING
PRESSURE

(PSF)

24" 4'Ø
4'x4' 26"

#5 @ 10" OCEW
#5 @ 10" OCEW

2,540
1,900

30" 4'-6"Ø
4'-6" x 4'-6" 32"

#5 @ 10" OCEW
#5 @ 9" OCEW

2,260
1,670

36" 5'Ø
5' x 5' 38"

#5 @ 9" OCEW
#5 @ 8" OCEW

2,060
1,500

42" 5'-6"Ø
5'-6" x 5'-6" 44"

#5 @ 8" OCEW
#5 @ 8" OCEW

1,490
1,370

48" 6'Ø
6' x 6' 50"

#5 @ 7" OCEW
#5 @ 7" OCEW

1,210
1,270

** ASSUMED SOIL BEARING CAPACITY

1'
-0

"

A

2" C
OVER

(TYP.)
2" C

OVER

(TYP)

7. TRIM OPENING WITH DIAGONAL #4 BARS, EXTEND BARS A
MINIMUM OF 12" BEYOND OPENING, BEND BARS AS REQUIRED
TO MAINTAIN BAR COVER.

8. PROTECTION SLAB AND ALL MATERIALS TO BE PROVIDED AND
INSTALLED BY CONTRACTOR.

9. DETAIL DESIGN BY DELTA ENGINEERS, ARCHITECTS AND LAND
SURVEYORS, ENDWELL, NY.

ØB

36"Ø MAX., HS-25 ACCESS CASTING
WITH GRADE RINGS AS REQUIRED, TO
BE PROVIDED AND INSTALLED BY
CONTRACTOR.  MAY BE TOP MOUNTED
(AS SHOWN) OR RECESSED.CMP

PROTECTION
SLAB

VARIES
RIM/FINISHED
GRADE

ACCESS CASTING SUPPLIED BY CONTECH IN
SELECT MARKETS UNDER SEPARATE SUBMITTAL
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APPENDIX E 
REFERENCE MATERIALS 
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APPENDIX F 
DRAINAGE MAPS 
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