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me (or under my direct supervision) in accordance with the provisions of the City of Lone Tree 

Storm Drainage Design and Technical Criteria for the owners thereof.  I understand that the City 

of Lone Tree does not and will not assume liability for drainage and erosion control facilities 

done by others.” 
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Kellan D. Black, PE 

Registered Professional Engineer State of Colorado 
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I. GENERAL LOCATION AND DESCRIPTION 

A. SITE LOCATION 

This Phase III Drainage Report is being prepared for the fast-food restaurant Chick-fil-A #05274 located 

within a portion of Lot 1A, Block 2 Parkway Subdivision Filing No. 3, 3rd Amendment located in the West 

half of Section 3 Township 6 South, Range 67 West of the 6th P.M. City of Lone Tree, County of Douglas, 

State of Colorado. The Site is located just North of the C-470 Interstate and South Yosemite Street 

intersection and directly South of an At Home – Home Goods store. The Site is zoned C – Commercial, 

Subzone C2. 

 

FIGURE 1  

  

B. DESCRIPTION OF PROPERTY 

The proposed development is 1.33 acres, with a total disturbance area of 1.80 acres, more or 

less. The Site lies within Lot 1A-1 Block 2 (16.06 acres +/-) which is to be re-platted to divide 

the Lot into Lot 1A-1 (14.728 acres +/-) and Lot 1A-2 (1.333 acres +/-). The development 

resides within an existing parking lot for the At Home – Home Goods store consisting of parking 
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islands, drive aisles, and landscaping. Generally the existing Site slopes from North to South at 

approximately 2.0%.  

 

According to the Natural Resources Conservation Service (NRCS) Soils Classification 

Map the Site consists 97.3% of Fondis clay loam, Hydrologic Soil Group C, and 2.7% of 

Renohill-Buick complex soils, Hydrologic Soil Group C and D. A copy of the soils classification 

report is included in Appendix A. Soils classified as Group C have moderately high runoff 

potential and have lower rates of infiltration than Groups A and B which will result in slightly 

higher runoff rates. 

 

There are no known major or minor drainageways located adjacent to the development. 

Existing storm infrastructure captures and conveys peak storm runoff to a regional detention 

pond located northwest of the Site, and just west of the existing parking lot. The Site is as 

described on the FEMA’s Flood Insurance Rate Map 08035C0042G, dated March 16, 2016. As 

indicated on FEMA’s FIRM Map the closest drainageway is  the Willow Creek (at Lone Tree) 

and located on the south side of the C-470 Interstate and west of South Yosemite Street. 

 

There are no known existing irrigation canals or ditches on or near the proposed Site. 

 

The proposed Site will include a commercial drive-thru Chick-fil-A restaurant located at 

the southeast corner of the existing At Home – Home Goods store parking lot. The proposed 

structure will be 5,380 square feet more or less containing 140 interior seats and 12 exterior. The 

drive-thru entrance will be at the southwest corner of the building wrapping around the south and 

along the eastern side of the building containing two lanes, an order point canopy, and a meal 

delivery canopy attached to the building. There will be landscaping along the South Yosemite 

Street and C-470 on-ramp street frontages, as well as landscaping within the parking islands and 

screening the trash enclosure. The Site will maintain the overall drainage patterns and convey 

peak storm runoff south where it will be capture by two proposed storm sewer inlets and two 

existing storm sewer inlets. 

 

II. DRAINAGE BASINS AND SUB-BASINS 

A. MAJOR DRAINAGE BASINS 

The proposed development lies within the Phase III Drainage Study Project Majestic revised 

December 1994 completed by Martin/Martin. The Study depicts the entire 16.81 acres of Lot 1A 

storm runoff being conveyed via curb and gutter and storm sewer infrastructure to a detention 

pond located just west of the At Home – Home Goods store and it’s parking lot. The detention 

pond has been designed to detain the 100-year storm, providing a volume of 2.08 acre feet, and 

releasing at 14.47 cfs. Flows from the detention pond will be released to a swale designed within 

the Studies improvements conveying flows to an existing pond designed by others. The Study 

has been provided in Appendix D for reference. 
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B. MINOR DRAINAGE BASINS 

The Site is comprised of 5 on-site drainage basins and 7 off-site drainage basins. The proposed 

basins and design points are depicted on the associated drainage plan included in Appendix A. 

Below is a summary table of the basin Peak Storm Runoff: 

 

 
 

 

 

The following basins are conveyed and collected on-site by proposed and existing storm sewer 

infrastructure.  

 

BASIN A1 (Q5=0.7 cfs, Q100=1.4 cfs) 

Basin A1 is approximately 0.19 acres and consists entirely of the proposed building roof top as 

well as the attached meal delivery canopy roof top. Developed runoff from the basin will sheet 

flow across the rooftop and collected by localized roof drains. The roof drains will tie-in to the 

proposed on-site storm sewer infrastructure at design point 3.  

 

BASIN A2 (Q5=0.3 cfs, Q100=0.7 cfs) 

Basin A2 is approximately 0.10 acres and consists of the proposed private drive, drive-thru lane, 

and pedestrian walk. Developed runoff from the basin will sheet flow across the hardscape where 

it will be conveyed via curb and gutter to an off-site storm sewer inlet located at design point 4. 

 

BASIN B1 (Q5=3.0 cfs, Q100=6.5 cfs) 

Basin B1 is approximately 0.92 acres and consists of the proposed parking lot to include 

hardscaping and landscaping. Developed runoff from the basin will sheet flow across the rooftop 

and collected by localized roof drains. The roof drains will tie-in to the proposed on-site storm 

sewer infrastructure at design point 2.  

Basin
Design 

Point

Area 

(ac)
Imp (%)

5-YR Peak 

Runoff

100-YR Peak 

Runoff

A1 3 0.19 90% 0.7 1.4

A2 4 0.10 81% 0.3 0.7

B1 2 0.92 78% 3.0 6.5

C1 1 0.03 90% 0.1 0.2

D1 7 0.11 2% 0.0 0.4

OS1 4 1.41 94% 4.8 9.4

OS2 5 0.55 94% 2.0 3.9

OS3 2 2.23 95% 8.1 15.9

OS4 7 0.12 2% 0.1 0.4

OS5 4 0.03 97% 0.1 0.2

OS6 4 0.09 2% 0.0 0.3

OS7 7 0.17 2% 0.1 0.7

Total to EX Pond 1-5 5.55 90% 19.2 38.6

Total to Off-Site 7-8 0.40 2% 0.2 1.6

SUMMARY RUNOFF TABLE (cfs)
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BASIN C1 (Q5= 0.1 cfs, Q100=0.2 cfs) 

Basin C1 is approximately 0.03 acres and consists entirely of the proposed order point canopy 

roof top. Developed runoff from the basin will sheet flow across the rooftop and collected by 

localized roof drains. The roof drains will tie-in to the proposed on-site storm sewer 

infrastructure at design point 1. 

 

BASIN OS1 (Q5=4.8 cfs, Q100=9.4 cfs) 

Basin OS1 is approximately 1.41 acres and consists of the existing parking lot to include 

hardscaping and landscaping. Developed runoff from the basin will sheet flow across the rooftop 

and collected by localized roof drains. The roof drains will tie-in to the proposed on-site storm 

sewer infrastructure at design point 4. 

 

BASIN OS2 (Q5=2.0 cfs, Q100=3.9 cfs) 

Basin OS2 is approximately 0.55 acres and consists of the existing parking lot to include 

hardscaping and landscaping. Developed runoff from the basin will sheet flow across the rooftop 

and collected by localized roof drains. The roof drains will tie-in to the proposed on-site storm 

sewer infrastructure at design point 5.  

 

BASIN OS3 (Q5=8.1 cfs, Q100=15.9 cfs) 

Basin OS3 is approximately 2.23 acres and consists of the existing parking lot to include 

hardscaping and landscaping. Developed runoff from the basin will sheet flow across the rooftop 

and collected by localized roof drains. The roof drains will tie-in to the proposed on-site storm 

sewer infrastructure at design point 2.  

 

BASIN OS5 (Q5=0.1 cfs, Q100=0.2 cfs) 

Basin OS5 is approximately 0.03 acres and consists of the proposed private drive. Developed 

runoff from the basin will sheet flow across the hardscape where it will be conveyed via curb and 

gutter to an off-site storm sewer inlet located at design point 4. 

 

BASIN OS6 (Q5=0.0 cfs, Q100=0.3 cfs) 

Basin OS6 is approximately 0.09 acres consisting of landscaping along South Yosemite Street. 

Developed runoff will sheet flow north to the private drive curb and gutter where it will be 

conveyed to a proposed off-site storm sewer inlet located at design point 4. 

 

The following basins are conveyed off-site and collected by existing off-site storm sewer 

infrastructure.  

 

BASIN D1 (Q5=0.0 cfs, Q100=0.4 cfs) 

Basin D1 is approximately 0.11 acres consisting of landscaping along South Yosemite Street and 

the C-470 on-ramp street frontages. Developed runoff will sheet flow southeast and into South 

Yosemite Street and the C-470 on-ramp, ultimately being captured by an existing storm sewer 

inlet located along the western curb of South Yosemite Street near the intersection at design 

point 7. 
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BASIN OS4 (Q5=0.1 cfs, Q100=0.4 cfs) 

Basin OS4 is approximately 0.12 acres consisting of existing landscaping along the C-470 on-

ramp street frontage. Developed runoff will sheet flow southeast and into South Yosemite Street 

and the C-470 on-ramp, ultimately being captured by an existing storm sewer inlet located along 

the western curb of South Yosemite Street near the intersection at design point 7. 

 

BASIN OS7 (Q5=0.1 cfs, Q100=0.7 cfs) 

Basin OS7 is approximately 0.17 acres consisting of landscaping along South Yosemite Street. 

Developed runoff will sheet flow southeast and into South Yosemite Street and the C-470 on-

ramp, ultimately being captured by an existing storm sewer inlet located along the western curb 

of South Yosemite Street near the intersection at design point 7. 

 

C. DRAINAGE DESIGN CRITERIA 

A. REGULATIONS 

The Douglas County Storm Drainage Design and Technical Criteria Manual (DC Manual) 

amended July 8, 2008, and the Mile High Flood District (MHFD) Urban Storm Drainage 

(MHFD Manual) (Updated: Vol. 1-Mar. 2017; Vol. 2-Sept. 2017; Vol. 3-Apr. 2018). These 

documents shall be referred to as the “Manual”. 

B. DRAINAGE STUDIES, MASTER PLANS, and SITE CONSTRAINTS 

The following Drainage Reports involving the project site were considered in this study: 

1. Phase III Drainage Study Project Majestic prepared by Martin/Martin Inc., revised December 

1994. 

C. HYDROLOGIC CRITERIA 

Five-year and 100-year storm event runoff was calculated using the Rational method. Percent 

imperviousness values are from Table 6-3 of the MHFD Manual.  

Runoff coefficients are from Table 6-4 of the MHFD Manual using hydrologic soil group C. 

Times of concentration were based on land use imperviousness values as well as distance and 

slope of runoff travel.  Runoff conveyance coefficients were determined using Table 6-2 from 

the Criteria.   

Rainfall intensities (I) for the area are approximated by the equation: 

� =
28.5��

	10 + ���.���
 

P1 represents the 1-hour design rainfall values in inches per table 6-1 Zone 1 of the DC Manual. 

Tc represents the time of concentration in minutes and consists of overland flow time plus travel 

time. Time of concentration is calculated as the sum of the overland flow time and travel time. 

Overland flow time is calculated over a maximum 300 foot distance using the FAA equation:  

� =
0.395	1.1 − ������

��
�.��  

 C5  = basin composite runoff coefficient for the five-year storm event 
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 L = length of overland flow in feet 

 S = slope of flow path in percent 

 Ti = travel time in minutes 

Travel time is calculated as the flow time through a length of street gutter or channel by 

multiplying the average flow velocity by the travel length. The minimum time of concentration 

used for urbanized basins was 5 minutes. 

All hydrological calculations, including a summary of the 5-year and 100-year storm event 

flows, are provided in Appendix B.  Sub-basin maps are also included in Appendix D. 

D. HYDRAULIC CRITERIA 

Hydraulic calculations in compliance with the Manual for street capacity, inlet calculations, pipe 

sizes, etc. will be included as part of the Phase III drainage report. Bentley StormCAD will be 

used to analyze the hydraulic grade line of the stormwater conveyances. The Urban Drainage 

Inlet Sizing spreadsheet will be used to size proposed site inlets, as well as analyze existing street 

flow capacity and existing inlet capacity. 

E. WATER QUALITY ENHANCEMENT 

Water quality treatment will be provided within the existing detention pond located northwest of 

the Site, no additional water quality treatment is required. 

D. STOMWATER MANAGEMENT FACILITY DESIGN 

A. STORMWATER CONVEYANCE FACILITIES 

The proposed development developed runoff will generally sheet flow from north to south and 

be collected by private storm sewer infrastructure, some will be routed to existing storm sewer 

infrastructure. 92% of the Site’s developed runoff will be collected and conveyed to the existing 

detention pond. Total developed flows to the existing detention pond are as calculated Q5=19.2 

cfs (EX Q5=21.92) and Q100=38.6 cfs (EX Q100=40.10 cfs) [See Reference #1 for Existing Flow 

data]. 8% of the Site’s developed runoff will be conveyed off-site and routed to existing curb and 

gutter near the intersection of C-470 on-ramp and South Yosemite Street where it will be 

captured by an existing storm sewer inlet. Total developed flows to the existing inlet are 

calculated as Q5=0.2 cfs and Q100=1.6 cfs. 

B. STORMWATER STORAGE FACILITIES  

This Site is tributary to the existing detention and water quality pond located northwest of the 

Site and as described within the Phase III Drainage Study Project Majestic referenced earlier. 

There are no new on-site water quality or detention facilities anticipated for this site. 

 

The landlord of the proposed site is currently working on modifying the existing pond to ensure 

that the facility up to City Code. 
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C. WATER QUALITY ENHACEMENT BEST MANAGEMENT PRACTICES 

The existing regional detention pond as mentioned above will provide permanent water quality 

for the Site. Temporary erosion control measures will be installed during construction to mitigate 

sediment leaving the Site. Prior to construction, a Grading, Erosion, and Sediment Control 

(GESC) Plan will need to be approved and a GESC permit obtained. In addition, a state 

stormwater discharge permit will be required. 

D. FLOODPLAIN MODIFICATIONS 

It is not anticipated that any floodplain modifications will be required as a result of the 

development of the proposed Site. 

E. POTENTIAL PERMITTING REQUIREMENTS 

The City of Lone Tree will require a Grading, Erosion, and Sediment Control (GESC) approved 

plan and permit prior to construction. In addition, a state stormwater discharge permit will be 

required. 

F. GENERAL 

All tables, figures, and charts discussed above comply with the DC Manual and MHFD Manual. 

E. CONCLUSIONS 

A. COMPLIANCE WITH STANDARDS 

The proposed drainage concept complies with the current City of Lone Tree Drainage Criteria, as 

well as the DC Manual, MHFD Manual, and Drainage Studies previously mentioned within this 

report. 

B. VARIANCES 

No variances were necessary for this report.  

C. DRAINAGE CONCEPT 

Development of the proposed site will not adversely affect surrounding developments. A 

majority of the developed site runoff will be captured by proposed  and existing inlets. The 

proposed and existing storm sewer infrastructure will convey developed site runoff to the 

existing regional detention pond, where it will be treated and detained. 
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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 
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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.
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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.
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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 
1:20,000.

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: Castle Rock Area, Colorado
Survey Area Data: Version 15, Sep 1, 2022

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

Date(s) aerial images were photographed: Jun 9, 2021—Jun 12, 
2021

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

FoD Fondis clay loam, 3 to 9 percent 
slopes

2.5 97.3%

RmE Renohill-Buick complex, 5 to 25 
percent slopes

0.1 2.7%

Totals for Area of Interest 2.5 100.0%

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 
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, 
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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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Castle Rock Area, Colorado

FoD—Fondis clay loam, 3 to 9 percent slopes

Map Unit Setting
National map unit symbol: jqyp
Elevation: 5,500 to 6,800 feet
Mean annual precipitation: 15 to 19 inches
Mean annual air temperature: 47 to 50 degrees F
Frost-free period: 120 to 135 days
Farmland classification: Not prime farmland

Map Unit Composition
Fondis and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Fondis

Setting
Landform: Ridges, buttes, mesas
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits over coarse-silty outwash derived from arkose

Typical profile
H1 - 0 to 7 inches: clay loam
H2 - 7 to 24 inches: clay
H3 - 24 to 60 inches: sandy clay loam

Properties and qualities
Slope: 3 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: High
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
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.4 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: R049XB208CO - Clayey Foothill
Hydric soil rating: No

Minor Components

Kutch
Percent of map unit: 5 percent
Hydric soil rating: No
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Englewood
Percent of map unit: 5 percent
Hydric soil rating: No

Denver
Percent of map unit: 4 percent
Hydric soil rating: No

Aquic haplustolls
Percent of map unit: 1 percent
Landform: Swales
Hydric soil rating: Yes

RmE—Renohill-Buick complex, 5 to 25 percent slopes

Map Unit Setting
National map unit symbol: jqzy
Elevation: 5,500 to 6,200 feet
Mean annual precipitation: 15 to 17 inches
Mean annual air temperature: 48 to 50 degrees F
Frost-free period: 120 to 135 days
Farmland classification: Not prime farmland

Map Unit Composition
Renohill and similar soils: 50 percent
Buick and similar soils: 30 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Renohill

Setting
Landform: Hills
Landform position (three-dimensional): Side slope, base slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Weathered, calcareous clayey shale

Typical profile
H1 - 0 to 3 inches: clay loam
H2 - 3 to 12 inches: clay loam
H3 - 12 to 24 inches: clay loam
H4 - 24 to 28 inches: unweathered bedrock

Properties and qualities
Slope: 5 to 25 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
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Depth to water table: More than 80 inches
Frequency of flooding: None
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 4.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: D
Ecological site: R049XC202CO - Loamy Foothill 14-19 PZ
Hydric soil rating: No

Description of Buick

Setting
Landform: Hills
Landform position (three-dimensional): Base slope, side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits over silty alluvium

Typical profile
H1 - 0 to 4 inches: loam
H2 - 4 to 15 inches: silty clay loam
H3 - 15 to 22 inches: loam
H4 - 22 to 60 inches: sandy clay loam

Properties and qualities
Slope: 5 to 8 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): Moderately high (0.20 

to 0.60 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: High (about 9.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Ecological site: R049XC202CO - Loamy Foothill 14-19 PZ
Hydric soil rating: No

Minor Components

Manzanola
Percent of map unit: 6 percent
Hydric soil rating: No

Satanta
Percent of map unit: 6 percent
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Hydric soil rating: No

Fondis
Percent of map unit: 6 percent
Hydric soil rating: No

Aquic haplustolls
Percent of map unit: 2 percent
Landform: Swales
Hydric soil rating: Yes
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(Hydrologic Calculations) 

 



COEFF

MERRICK & COMPANY

Developed Composite C-Factor and Impervious Analysis

CFA 470 & Yosemite #05190

Calculated by: KB

Checked by: KW

Date: 3/1/2023

Basin Land Use Area (acres) I value C2 C5 C100

A1 PROPOSED LANDSCAPE 0.00 0.02 0.01 0.05 0.49

PROPOSED BUILDING AND WALKS 0.19 0.90 0.73 0.77 0.85

PROPOSED PAVEMENT 0.00 1.00 0.82 0.86 0.89

0.19 0.90 0.73 0.77 0.86

A2 PROPOSED LANDSCAPE 0.02 0.02 0.01 0.05 0.49

PROPOSED BUILDING AND WALKS 0.02 0.90 0.73 0.77 0.85

PROPOSED PAVEMENT 0.06 1.00 0.82 0.86 0.89

0.10 0.81 0.65 0.70 0.82

B1 PROPOSED LANDSCAPE 0.18 0.02 0.01 0.05 0.49

PROPOSED BUILDING AND WALKS 0.24 0.90 0.73 0.77 0.85

PROPOSED PAVEMENT 0.50 1.00 0.82 0.86 0.89

0.92 0.78 0.62 0.68 0.80

C1 PROPOSED LANDSCAPE 0.00 0.02 0.01 0.05 0.49

PROPOSED BUILDING AND WALKS 0.03 0.90 0.73 0.77 0.85

PROPOSED PAVEMENT 0.00 1.00 0.82 0.86 0.89

0.03 0.90 0.73 0.77 0.85

D1 PROPOSED LANDSCAPE 0.11 0.02 0.01 0.05 0.49

PROPOSED BUILDING AND WALKS 0.00 0.90 0.73 0.77 0.85

PROPOSED PAVEMENT 0.00 1.00 0.82 0.86 0.89

0.11 0.02 0.01 0.05 0.49

OS1 PROPOSED LANDSCAPE 0.08 0.02 0.01 0.05 0.49

PROPOSED BUILDING AND WALKS 0.00 0.90 0.73 0.77 0.85

PROPOSED PAVEMENT 1.33 1.00 0.82 0.86 0.89

1.41 0.94 0.77 0.81 0.87

OS2 PROPOSED LANDSCAPE 0.03 0.02 0.01 0.77 0.49

PROPOSED BUILDING AND WALKS 0.00 0.90 0.73 0.86 0.85

PROPOSED PAVEMENT 0.52 1.00 0.82 0.81 0.89

0.55 0.94 0.77 0.80 0.87

OS3 PROPOSED LANDSCAPE 0.11 0.02 0.05 0.77 0.49

PROPOSED BUILDING AND WALKS 0.00 0.90 0.77 0.86 0.85

PROPOSED PAVEMENT 2.12 1.00 0.86 0.81 0.89

2.23 0.95 0.81 0.81 0.87

OS4 PROPOSED LANDSCAPE 0.12 0.02 0.05 0.15 0.49

PROPOSED BUILDING AND WALKS 0.00 0.90 0.77 0.80 0.85

PROPOSED PAVEMENT 0.00 1.00 0.86 0.87 0.89

0.12 0.02 0.05 0.15 0.49

OS5 PROPOSED LANDSCAPE 0.00 0.02 0.05 0.15 0.49

PROPOSED BUILDING AND WALKS 0.01 0.90 0.77 0.80 0.85

PROPOSED PAVEMENT 0.02 1.00 0.86 0.87 0.89

0.03 0.97 0.83 0.85 0.88

OS6 PROPOSED LANDSCAPE 0.09 0.02 0.05 0.15 0.49

PROPOSED BUILDING AND WALKS 0.00 0.90 0.77 0.80 0.85

PROPOSED PAVEMENT 0.00 1.00 0.86 0.87 0.89

0.09 0.02 0.05 0.15 0.49

OS7 PROPOSED LANDSCAPE 0.17 0.02 0.05 0.15 0.49

PROPOSED BUILDING AND WALKS 0.00 0.90 0.77 0.80 0.85

PROPOSED PAVEMENT 0.00 1.00 0.86 0.87 0.89

0.17 0.02 0.05 0.15 0.49

UDFCD - TABLE 6-4, SOIL GROUP C/D



tc1

STANDARD FORM SF-2

TIME OF CONCENTRATION

CALCULATED BY: KB PROJECT: CFA 470 & Yosemite #05190    JOB NO:

CHECKED BY: KW BASIN: LOCATION: City of Lone Tree

SUB-BASIN DATA INITIAL/OVERLAND Tc CHECK FINAL

TIME (Tc) (Urbanized Basins) Tc CONVEYANCE

DESIGNATION AREA C5 LENGTH SLOPE Ti LENGTH     AVG. SLOPE Conv. VEL Tt COMP TOTAL Tc=(26-17i)+L/(60*(14i+9)*sqrt(S)) REMARKS

(acres) (ft) (%) (min) (ft) ∆Y (%) Type* (fps) (min) Tc (min) LENGTH (ft) (min) (min)**

A1 0.19 90% 0.77 25 2.0 2.3 25 0.3 1.0 6 2.0 0.2 2.6 50 10.8 5.0 Paved Gutter

A2 0.10 81% 0.70 25 2.0 2.9 25 0.3 1.0 6 2.0 0.2 3.1 50 12.3 5.0 Paved Gutter

B1 0.92 78% 0.68 30 2.0 3.3 125 1.0 0.8 6 1.8 1.2 4.5 155 12.8 5.0 Paved Gutter

C1 0.03 90% 0.77 15 1.0 2.3 15 0.2 1.0 6 2.0 0.1 2.4 30 10.8 5.0 Paved Gutter

D1 0.11 2% 0.05 30 4.0 6.6 20 0.6 3.0 3 1.2 0.3 6.8 50 25.8 6.8 Pasture

OS1 1.41 94% 0.81 30 1.0 2.9 600 6.0 1.0 6 2.0 5.0 7.9 630 10.2 7.9 Paved Gutter

OS2 0.55 94% 0.80 30 1.0 2.9 400 3.3 0.8 6 1.8 3.7 6.6 430 10.2 6.6 Paved Gutter

OS3 2.23 95% 0.81 30 1.0 2.9 400 3.3 0.8 6 1.8 3.7 6.6 430 10.0 6.6 Paved Gutter

OS4 0.12 2% 0.15 15 1.0 6.7 100 3.3 3.3 3 1.3 1.3 8.0 115 25.8 8.0 Pasture

OS5 0.03 97% 0.85 15 1.0 1.8 15 3.3 22.0 6 9.4 0.0 1.8 30 9.6 5.0 Paved Gutter

OS6 0.09 2% 0.15 30 1.0 9.4 150 3.3 2.2 3 1.0 2.4 11.8 180 25.8 11.8 Pasture

OS7 0.17 2% 0.87 30 1.0 2.3 150 3.3 2.2 3 1.0 2.4 4.7 180 25.8 5.0 Pasture
Q:\DEN\Projects\1141-00 CFA 470 & Yosemite 5190\DESIGN\Drainage\Hydrology\Rational\[1141 CFA 470 & Yosemite_REV.xls]tc1 Merrick & Company

             * Note:    Conveyance Coefficients - Type 1-Heavy Meadow, Type 2-Tillage/Field, Type 3-Short Pasture and lawns,

 Type 4-Nearly Bare Soil, Type 5-Grassed Waterway, Type 6-Paved areas and shallow paved swales. The maximum initial/overland length shall not exceed 300 feet.

** Based on Assumption that Building roofs will take 5 min to fully contribute to storm system

TRAVEL TIME Gutter

(Tt)

IMPERVIOUS 

%

65121141



Merrick & Company Job Name: CFA 470 & Yosemite #05190

5970 Greenwood Plaza Blvd. Job Number:

Greenwood Village, CO 80111 Date:

Ph: (303) 751-0741 By: K. Black

CFA 470 & Yosemite #05190
Developed Storm Runoff Calculations

Design Storm : 5 Year Point Hour Rainfall (P1) : 1.43 I = (28.5 P1) / ((10 + TC)^0.786)
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C1 1 0.03 0.77 5.0 0.03 4.85 0.1 5.00 0.03 4.85 0.1 - TOTAL TO DP1

6 in PVC 2.0% 0.1 1.03 114.6 5.3 0.36 5.36 CANOPY ROOF DRAIN PIPED TO DP2

OS3 2 2.23 0.81 6.6 1.80 4.48 8.1 6.59 1.80 4.48 8.1 BASIN OS3 CONVEYED TO DP2

B1 2 0.92 0.68 5.0 0.62 4.85 3.0 5.00 0.62 4.85 3.0 BASIN B2 CONVEYED TO DP2

- 2 6.59 2.45 4.48 11.0 TOTAL CONVEYED TO DP2 MINUS CARRYOVER

0.6 CARRYOVER FROM DP5

11.5 TOTAL CONVEYED TO DP2 W/ CARRYOVER

DP2A 2A 10' TYPE R 6.6 4.9 TOTAL CAPTURED BY 10' INLET AT DP2A

DP2 2 15' TYPE R 4.9 0.0 TOTAL CAPTURED BY 15' INLET AT DP2

2 4.9 36 in RCP 0.6% 4.9 67.34 35.7 9.5 0.06 6.65 TOTAL PIPED FROM DP2 TO DP2A

2A 11.5 36 in RCP 0.6% 11.5 67.34 71.5 9.5 0.13 6.77 TOTAL PIPED FROM DP2A TO DP6

A1 3 0.19 0.77 5.0 0.14 4.85 0.7 5.00 0.14 4.85 0.7 - BASIN A1 CONVEYED TO DP3

- 8 in PVC 1.5% 0.7 1.93 123.6 5.5 0.37 5.37 DP3 PIPED TO DP4

A2 4 0.10 0.70 5.0 0.07 4.85 0.3 5.00 0.07 4.85 0.3 - BASIN A2 CONVEYED TO DP4

OS1 4 1.41 0.81 7.9 1.14 4.22 4.8 7.90 1.14 4.22 4.8 - BASIN OS1 CONVEYED TO DP4

OS5 4 0.03 0.85 5.0 0.02 4.85 0.1 5.00 0.02 4.85 0.1 - BASIN OS5 CONVEYED TO DP4

OS6 4 0.09 0.15 11.8 0.01 3.61 0.0 11.83 0.01 3.61 0.0 - BASIN OS6 CONVEYED TO DP4

- 11.83 1.25 3.61 4.5 TYPE 16 COMBO 4.5 0.0 TOTAL CAPTURED BY TYPE 16 COMBO INLET AT DP4

11.83 1.39 3.61 5.0 TOTAL PIPED FROM DP4 TO DP5

- 18 in RCP 0.5% 5.0 9.68 153 5.5 0.47 12.30 TOTAL PIPED FROM DP4 TO DP5

OS2 5 0.55 0.80 6.6 0.44 4.48 2.0 6.59 0.44 4.48 2.0 TYPE 16 COMBO 1.4 0.6 TOTAL CAPTURED BY TYPE 16 COMBO INLET AT DP5

12.30 1.83 3.55 6.5 - 18 in RCP 0.5% 6.5 9.68 85 5.5 0.26 12.56 TOTAL PIPED FROM DP5 TO DP6

-

6 12.56 4.28 3.52 15.1 - TOTAL CONVEYED TO EX WEST POND

-

D1 7 0.11 0.05 6.8 0.01 4.43 0.0 6.84 0.01 4.43 0.0 - BASIN D1 CONVEYED TO DP7

OS4 7 0.12 0.15 8.0 0.02 4.21 0.1 7.98 0.02 4.21 0.1 - BASIN OS4 CONVEYED TO DP7

OS7 7 0.17 0.15 5.0 0.03 4.85 0.1 5.00 0.03 4.85 0.1 - BASIN OS7 CONVEYED TO DP7

7.98 0.05 4.21 0.2 EX 5' TYPE R 0.2 0.0

-

-

-

-

-

-

-

-

65121141

6/14/2023

TOTAL CONVEYED TO DP7 TO BE ACCOUNTED AS CARRYOVER 

AT EX INLET

Direct Runoff Total Runoff Inlets Pipe Pipe/Swale Travel Time



100yr-Run

Merrick & Company Job Name: CFA 470 & Yosemite #05190

5970 Greenwood Plaza Blvd. Job Number:

Greenwood Village, CO 80111 Date:

Ph: (303) 751-0741 By: K. Black

CFA 470 & Yosemite #05190
Developed Storm Runoff Calculations

Design Storm : 100 Year Point Hour Rainfall (P1) : 2.60 I = (28.5 P1) / ((10 + TC)^0.786)
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C1 1 0.03 0.85 5.0 0.03 8.82 0.2 5.00 0.03 8.82 0.2 - TOTAL TO DP1

6 in PVC 2.0% 0.2 1.03 114.6 5.3 0.36 5.36 CANOPY ROOF DRAIN PIPED TO DP2

OS3 2 2.23 0.87 6.6 1.95 8.15 15.9 6.59 1.95 8.15 15.9 BASIN OS3 CONVEYED TO DP2

B1 2 0.92 0.80 5.0 0.74 8.82 6.5 5.00 0.74 8.82 6.5 BASIN B2 CONVEYED TO DP2

- 2 6.59 2.72 8.15 22.2 TOTAL CONVEYED TO DP2 MINUS CARRYOVER

1.7 CARRYOVER FROM DP5

23.9 TOTAL CONVEYED TO DP2 W/ CARRYOVER

DP2A 2A 10' TYPE R 8.8 15.1 TOTAL CAPTURED BY 10' INLET AT DP2A

DP2 2 15' TYPE R 15.1 0.0 TOTAL CAPTURED BY 15' INLET AT DP2

2 15.1 36 in RCP 0.6% 15.1 67.34 35.7 9.5 0.06 6.65 TOTAL PIPED FROM DP2 TO DP2A

2A 23.9 36 in RCP 0.6% 23.9 67.34 71.5 9.5 0.13 6.77 TOTAL PIPED FROM DP2A TO DP6

A1 3 0.19 0.86 5.0 0.16 8.82 1.4 5.00 0.16 8.82 1.4 - BASIN A1 CONVEYED TO DP3

- 8 in PVC 1.5% 1.4 1.93 123.6 5.5 0.37 5.37 DP3 PIPED TO DP4

A2 4 0.10 0.82 5.0 0.08 8.82 0.7 5.00 0.08 8.82 0.7 - BASIN A2 CONVEYED TO DP4

OS1 4 1.41 0.87 7.9 1.23 7.68 9.4 7.90 1.23 7.68 9.4 - BASIN OS1 CONVEYED TO DP4

OS5 4 0.03 0.88 5.0 0.02 8.82 0.2 5.00 0.02 8.82 0.2 - BASIN OS5 CONVEYED TO DP4

OS6 4 0.09 0.49 11.8 0.04 6.57 0.3 11.83 0.04 6.57 0.3 - BASIN OS6 CONVEYED TO DP4

- 11.83 1.38 6.57 9.0 TYPE 16 COMBO 9.0 0.0 TOTAL CAPTURED BY TYPE 16 COMBO INLET AT DP4

11.83 1.54 6.57 10.1 TOTAL PIPED FROM DP4 TO DP5

- 18 in RCP 0.5% 10.1 9.68 153 5.5 0.47 12.30 TOTAL PIPED FROM DP4 TO DP5

OS2 5 0.55 0.87 6.6 0.48 8.15 3.9 6.59 0.48 8.15 3.9 TYPE 16 COMBO 2.2 1.7 TOTAL CAPTURED BY TYPE 16 COMBO INLET AT DP5

12.30 2.02 6.46 13.0 - 18 in RCP 0.5% 13.0 9.68 85 5.5 0.26 12.56 TOTAL PIPED FROM DP5 TO DP6

-

6 12.56 4.74 6.40 30.3 - TOTAL CONVEYED TO EX WEST POND

-

D1 7 0.11 0.49 6.8 0.05 8.05 0.4 6.84 0.05 8.05 0.4 - BASIN D1 CONVEYED TO DP7

OS4 7 0.12 0.49 8.0 0.06 7.65 0.4 7.98 0.06 7.65 0.4 - BASIN OS4 CONVEYED TO DP7

OS7 7 0.17 0.49 5.0 0.08 8.82 0.7 5.00 0.08 8.82 0.7 - BASIN OS7 CONVEYED TO DP7

7.98 0.20 7.65 1.5 EX 5' TYPE R 1.5 0.0

-

-

-

-

-

-

-

65121141

TOTAL CONVEYED TO DP7 TO BE ACCOUNTED AS CARRYOVER 

AT EX INLET

6/14/2023

Direct Runoff Total Runoff Inlets Pipe Pipe/Swale Travel Time
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Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 5.0 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 = 0.020

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 24.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.034 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 = 15.0 24.0 ft

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

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is not applicable to Sump Condition Minor Storm Major Storm

MAJOR STORM Allowable Capacity is not applicable to Sump Condition Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.02 (August 2022)

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

DP2

MHFD-Inlet_v5.02.xlsm, DP2 6/14/2023, 10:15 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

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 8.1 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) = 15.00 15.00 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 (see USDCM Figure ST-5) 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 0.51 ft

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 0.79 0.90

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

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 7.8 16.8 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 4.9 15.1 cfs

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

CDOT Type R Curb Opening

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT Type R Curb Opening

Override Depths

MHFD-Inlet_v5.02.xlsm, DP2 6/14/2023, 10:15 AM



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 5.0 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 = 0.020

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 24.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.010 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 = 0.030 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 = 15.0 15.0 ft

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

Allow Flow Depth at Street Crown (check box for yes, leave blank for no)

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 6.3 6.3 cfs

WARNING: MINOR STORM max. allowable capacity is less than the design peak flow of 11.50 cfs on sheet 'Inlet Management'

WARNING: MAJOR STORM max. allowable capacity is less than the design peak flow of 23.90 cfs on sheet 'Inlet Management'

MHFD-Inlet, Version 5.02 (August 2022)

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

DP2A

MHFD-Inlet_v5.02.xlsm, DP2A 6/14/2023, 10:07 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 3.0 3.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 2 2

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 5.00 5.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = N/A N/A ft

Clogging Factor for a Single Unit Grate (typical min. value = 0.5) Cf (G) = N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf (C) = 0.10 0.10

Street Hydraulics: WARNING: Q > ALLOWABLE Q FOR MINOR & MAJOR STORM MINOR MAJOR

Total Inlet Interception Capacity Q = 6.6 8.8 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 4.9 15.1 cfs  

Capture Percentage = Qa/Qo C% = 57 37 %

CDOT Type R Curb Opening

INLET ON A CONTINUOUS GRADE
MHFD-Inlet, Version 5.02 (August 2022)

CDOT Type R Curb Opening

MHFD-Inlet_v5.02.xlsm, DP2A 6/14/2023, 10:07 AM



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 5.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.010 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 = 21.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.035 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 = 6.0 6.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 5.0 10.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is not applicable to Sump Condition Minor Storm Major Storm

MAJOR STORM Allowable Capacity is not applicable to Sump Condition Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.02 (August 2022)

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

DP4

MHFD-Inlet_v5.02.xlsm, DP4 6/14/2023, 10:07 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

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

Number of Unit Inlets (Grate or Curb Opening) No = 3 3  

Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 6.1 inches

Grate Information MINOR MAJOR

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

Width of a Unit Grate Wo = 1.73 1.73 feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.31 0.31

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

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

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

Curb Opening Information MINOR MAJOR

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

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

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

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

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 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) = 3.70 3.70

Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.66 0.66

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.52 0.53 ft

Depth for Curb Opening Weir Equation dCurb = 0.33 0.34 ft

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.57 0.58

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

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.57 0.58

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 8.7 9.2 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 4.5 9.0 cfs

Denver No. 16 Combination

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

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

Denver No. 16 Combination

Override Depths

MHFD-Inlet_v5.02.xlsm, DP4 6/14/2023, 10:07 AM



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 5.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.010 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.020

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 10.0 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 = 0.006 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 = 6.0 6.0 inches

Allow Flow Depth at Street Crown (check box for yes, leave blank for no)

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 5.2 5.2 cfs

Minor storm max. allowable capacity GOOD - greater than the design peak flow of 2.00 cfs on sheet 'Inlet Management'

Major storm max. allowable capacity GOOD - greater than the design peak flow of 3.90 cfs on sheet 'Inlet Management'

MHFD-Inlet, Version 5.02 (August 2022)

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

DP5

MHFD-Inlet_v5.02.xlsm, DP5 6/14/2023, 10:08 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 2.0 2.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 1 1

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 3.00 3.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = 1.73 1.73 ft

Clogging Factor for a Single Unit Grate (typical min. value = 0.5) Cf (G) = 0.50 0.50

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf (C) = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR

Total Inlet Interception Capacity Q = 1.4 2.2 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.6 1.7 cfs  

Capture Percentage = Qa/Qo C% = 71 55 %

Denver No. 16 Combination

INLET ON A CONTINUOUS GRADE
MHFD-Inlet, Version 5.02 (August 2022)

Denver No. 16 Combination

MHFD-Inlet_v5.02.xlsm, DP5 6/14/2023, 10:08 AM



5YR

Scenario:  5YR
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5YR

Conduit FlexTable: Combined Pipe/Node Report

Diameter
(in)

Froude 
Number 
(Normal)

Slope 
(Calculated)

(ft/ft)

Length 
(Unified)

(ft)

Invert 
(Stop)

(ft)

Rim 
Elevation 
(Start)

(ft)

Stop NodeInvert 
(Start)

(ft)

Start Node

6.00.8890.01242.85,818.355,821.76
Structure - (13) 
(ST LINE A)

5,818.87

Structure - 
(12) (ST 
LINE A)

6.03.4950.0913.75,818.015,821.57CB-[DP4]5,818.35

Structure - 
(13) (ST 
LINE A)

36.01.1110.00510.05,812.545,820.54O-15,812.59
[A1] (ST 
LINE A)

6.01.6790.020110.75,814.985,821.38MH-15,817.19CB-[DP1]

6.00.8890.01277.85,818.875,821.38
Structure - (12) 
(ST LINE A)

5,819.84CB-[DP3]

18.00.9050.005161.55,816.225,821.06CB-[DP5]5,817.03CB-[DP4]

24.01.0330.00586.25,815.595,821.76
[A1] (ST LINE 
A)

5,816.02CB-[DP5]

36.01.5080.00945.85,813.045,819.56CB-[DP2A]5,813.46CB-[DP2]

36.01.3490.00763.35,812.595,820.01
[A1] (ST LINE 
A)

5,813.04CB-[DP2A]

6.01.6790.0204.05,814.905,815.55CB-[DP2]5,814.98MH-1

Capacity 
(Full 
Flow)
(cfs)

Flow
(cfs)

Capacity 
(Design)

(cfs)

Energy 
Grade 
Line 
(Out)
(ft)

Energy 
Grade 

Line (In)
(ft)

Hydraulic 
Grade Line 

(Out)
(ft)

Hydraulic 
Grade Line 

(In)
(ft)

Velocity
(ft/s)

Manning's 
n

0.620.700.625,819.015,819.655,818.775,819.453.570.013

1.690.701.695,818.905,819.015,818.295,818.778.210.013

47.1618.2047.165,814.445,814.485,813.855,813.966.240.013

0.790.100.795,815.225,817.415,815.105,817.352.770.013

0.630.700.635,819.655,820.865,819.455,820.663.570.013

7.435.207.435,817.465,818.285,817.105,817.954.550.013

16.006.6016.005,816.855,817.285,816.495,816.934.850.013

63.905.0063.905,814.195,814.415,814.125,814.165.380.013

56.1111.6056.115,814.175,814.525,813.965,814.126.260.013

0.790.100.795,815.135,815.195,815.025,815.142.770.013
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5YR

Scenario Summary Report

Scenario:  5YR

Scenario Summary

70ID

5YRLabel

Notes

Base Active TopologyActive Topology

Base User Data ExtensionsUser Data Extensions

Base PhysicalPhysical

Base Boundary ConditionBoundary Condition

Base Initial SettingsInitial Settings

Base HydrologyHydrology

Base OutputOutput

Base Infiltration and InflowInfiltration and Inflow

Base Rainfall RunoffRainfall Runoff

Base Water QualityWater Quality

Base Sanitary LoadingSanitary Loading

Base HeadlossHeadloss

Base OperationalOperational

Base DesignDesign

5YRSystem Flows

Base SCADASCADA

Base Energy CostEnergy Cost

Base Calculation OptionsSolver Calculation Options

Gravity Hydraulics

5Maximum Network Traversals Hydraulic 
Grade

Structure Loss Mode

0.001Flow Convergence Test
True

Include Conduit Flow Travel 
Time in Design

Backwater 
Analysis

Flow Profile Method
FalseSave Detailed Headloss Data?

5Number of Flow Profile Steps Manning'sGravity Friction Method

ft0.00
Hydraulic Grade Convergence 
Test

False
Use Explicit Depth and Slope 
Equations?

Actual 
Uniform Flow 

Velocity
Average Velocity Method

False
Ignore Pipe Travel Time in 
Carrier Pipes?

ft0.00Minimum Structure Headloss
False

Correct for Partial Area 
Effects?

Pipe with 
Maximum QV

Governing Upstream Pipe 
Selection Method

Inlets

Grate and 
Curb

Active Components for 
Combination Inlets on Grade

False
Neglect Gutter Cross Slope 
For Side Flow?

Grate and 
Curb

Active Components for 
Combination Inlets In Sag

FalseNeglect Side Flow?
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5YR

Scenario Summary Report

Scenario:  5YR

Grating Parameters (United Kingdom)

Grating ParameterGrating Type

30.000P

45.000Q

60.000R

80.000S

110.000T

Pressure Hydraulics

Water at 20C
(68F)

Liquid Label
Hazen-

Williams
Pressure Friction Method

Rational Method

False
Use Rational Method 
Frequency Factors

As CA 
(Traditional)

Carryover Modeling Method

False
Allow Runoff Coefficient to 
Exceed 1.0?

Headloss (AASHTO)

0.350Expansion, Ke 0.500Shaping Adjustment, Cs

0.250Contraction, Kc
1.300

Non-Piped Flow Adjustment, 
Cn

Bend Angle vs. Bend Loss Curve

Bend Loss Coefficient, KbBend Angle
(degrees)

0.0000.00

0.19015.00

0.35030.00

0.47045.00

0.56060.00

0.64075.00

0.70090.00

HEC-22 Energy Losses

True
Consider Non-Piped Plunging 
Flow?

HEC-22 Energy Losses (Second Edition)

ft0.50
Elevations Considered Equal 
Within

0.950Half Bench Submerged Factor

1.000Flat Unsubmerged Factor
0.070

Full Bench Unsubmerged 
Factor

1.000Flat Submerged Factor 0.750Full Bench Submerged Factor
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5YR

Scenario Summary Report

Scenario:  5YR

HEC-22 Energy Losses (Second Edition)

1.000
Depressed Unsubmerged 
Factor

0.035
Improved Bench 
Unsubmerged Factor

1.000Depressed Submerged Factor
0.375

Improved Bench Submerged 
Factor

0.150
Half Bench Unsubmerged 
Factor

HEC-22 Energy Losses (Third Edition)

-0.050Flat Submerged Coefficient
-0.850

Half Bench Unsubmerged 
Coefficient

-0.050Flat Unsubmerged Coefficient
-0.250

Full Bench Submerged 
Coefficient

0.000
Depressed Submerged 
Coefficient

-0.930
Full Bench Unsubmerged 
Coefficient

0.000
Depressed Unsubmerged 
Coefficient

-0.600
Improved Submerged 
Coefficient

-0.050
Half Bench Submerged 
Coefficient

-0.980
Improved Unsubmerged 
Coefficient

Modified Rational (United Kingdom)

FalseApply Areal Reduction Factor?
False

Pipe Flow Includes Pipe Travel 
Time?

1.300
Runoff Routing Coefficient 
(Cr)
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5YR

Profile Report

Engineering Profile - ST LINE A (1141-CFA Yosemite.stsw)
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100YR

Conduit FlexTable: Combined Pipe/Node Report

Diameter
(in)

Froude 
Number 
(Normal)

Slope 
(Calculated)

(ft/ft)

Length 
(Unified)

(ft)

Invert 
(Stop)

(ft)

Rim 
Elevation 
(Start)

(ft)

Stop NodeInvert 
(Start)

(ft)

Start Node

6.01.7780.01242.85,818.355,821.76
Structure - (13) 
(ST LINE A)

5,818.87

Structure - 
(12) (ST 
LINE A)

6.03.0160.0913.75,818.015,821.57CB-[DP4]5,818.35

Structure - 
(13) (ST 
LINE A)

36.00.9810.00510.05,812.545,820.54O-15,812.59
[A1] (ST 
LINE A)

6.01.6820.020110.75,814.985,821.38MH-15,817.19CB-[DP1]

6.01.7780.01277.85,818.875,821.38
Structure - (12) 
(ST LINE A)

5,819.84CB-[DP3]

18.00.8470.005161.55,816.225,821.06CB-[DP5]5,817.03CB-[DP4]

24.00.9130.00586.25,815.595,821.76
[A1] (ST LINE 
A)

5,816.02CB-[DP5]

36.01.5330.00945.85,813.045,819.56CB-[DP2A]5,813.46CB-[DP2]

36.01.3100.00763.35,812.595,820.01
[A1] (ST LINE 
A)

5,813.04CB-[DP2A]

6.01.6820.0204.05,814.905,815.55CB-[DP2]5,814.98MH-1

Capacity 
(Full 
Flow)
(cfs)

Flow
(cfs)

Capacity 
(Design)

(cfs)

Energy 
Grade 
Line 
(Out)
(ft)

Energy 
Grade 

Line (In)
(ft)

Hydraulic 
Grade Line 

(Out)
(ft)

Hydraulic 
Grade Line 

(In)
(ft)

Velocity
(ft/s)

Manning's 
n

0.621.400.625,820.195,822.855,819.405,822.067.130.013

1.691.401.695,819.965,820.195,819.175,819.407.130.013

47.1636.7047.165,815.385,815.435,814.515,814.587.370.013

0.790.200.795,815.335,817.505,815.155,817.423.370.013

0.631.400.635,822.555,827.405,821.765,826.617.130.013

7.4310.407.435,818.155,819.715,817.465,819.175.890.013

16.0012.6016.005,817.425,817.855,816.875,817.365.640.013

63.9015.3063.905,814.885,815.185,814.625,814.717.420.013

56.1124.1056.115,814.955,815.255,814.585,814.627.640.013

0.790.200.795,815.245,815.295,815.085,815.213.370.013
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100YR

Scenario Summary Report

Scenario:  100YR

Scenario Summary

71ID

100YRLabel

Notes

Base Active TopologyActive Topology

Base User Data ExtensionsUser Data Extensions

Base PhysicalPhysical

Base Boundary ConditionBoundary Condition

Base Initial SettingsInitial Settings

Base HydrologyHydrology

Base OutputOutput

Base Infiltration and InflowInfiltration and Inflow

Base Rainfall RunoffRainfall Runoff

Base Water QualityWater Quality

Base Sanitary LoadingSanitary Loading

Base HeadlossHeadloss

Base OperationalOperational

Base DesignDesign

100YRSystem Flows

Base SCADASCADA

Base Energy CostEnergy Cost

Base Calculation OptionsSolver Calculation Options

Gravity Hydraulics

5Maximum Network Traversals Hydraulic 
Grade

Structure Loss Mode

0.001Flow Convergence Test
True

Include Conduit Flow Travel 
Time in Design

Backwater 
Analysis

Flow Profile Method
FalseSave Detailed Headloss Data?

5Number of Flow Profile Steps Manning'sGravity Friction Method

ft0.00
Hydraulic Grade Convergence 
Test

False
Use Explicit Depth and Slope 
Equations?

Actual 
Uniform Flow 

Velocity
Average Velocity Method

False
Ignore Pipe Travel Time in 
Carrier Pipes?

ft0.00Minimum Structure Headloss
False

Correct for Partial Area 
Effects?

Pipe with 
Maximum QV

Governing Upstream Pipe 
Selection Method

Inlets

Grate and 
Curb

Active Components for 
Combination Inlets on Grade

False
Neglect Gutter Cross Slope 
For Side Flow?

Grate and 
Curb

Active Components for 
Combination Inlets In Sag

FalseNeglect Side Flow?
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100YR

Scenario Summary Report

Scenario:  100YR

Grating Parameters (United Kingdom)

Grating ParameterGrating Type

30.000P

45.000Q

60.000R

80.000S

110.000T

Pressure Hydraulics

Water at 20C
(68F)

Liquid Label
Hazen-

Williams
Pressure Friction Method

Rational Method

False
Use Rational Method 
Frequency Factors

As CA 
(Traditional)

Carryover Modeling Method

False
Allow Runoff Coefficient to 
Exceed 1.0?

Headloss (AASHTO)

0.350Expansion, Ke 0.500Shaping Adjustment, Cs

0.250Contraction, Kc
1.300

Non-Piped Flow Adjustment, 
Cn

Bend Angle vs. Bend Loss Curve

Bend Loss Coefficient, KbBend Angle
(degrees)

0.0000.00

0.19015.00

0.35030.00

0.47045.00

0.56060.00

0.64075.00

0.70090.00

HEC-22 Energy Losses

True
Consider Non-Piped Plunging 
Flow?

HEC-22 Energy Losses (Second Edition)

ft0.50
Elevations Considered Equal 
Within

0.950Half Bench Submerged Factor

1.000Flat Unsubmerged Factor
0.070

Full Bench Unsubmerged 
Factor

1.000Flat Submerged Factor 0.750Full Bench Submerged Factor
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100YR

Scenario Summary Report

Scenario:  100YR

HEC-22 Energy Losses (Second Edition)

1.000
Depressed Unsubmerged 
Factor

0.035
Improved Bench 
Unsubmerged Factor

1.000Depressed Submerged Factor
0.375

Improved Bench Submerged 
Factor

0.150
Half Bench Unsubmerged 
Factor

HEC-22 Energy Losses (Third Edition)

-0.050Flat Submerged Coefficient
-0.850

Half Bench Unsubmerged 
Coefficient

-0.050Flat Unsubmerged Coefficient
-0.250

Full Bench Submerged 
Coefficient

0.000
Depressed Submerged 
Coefficient

-0.930
Full Bench Unsubmerged 
Coefficient

0.000
Depressed Unsubmerged 
Coefficient

-0.600
Improved Submerged 
Coefficient

-0.050
Half Bench Submerged 
Coefficient

-0.980
Improved Unsubmerged 
Coefficient

Modified Rational (United Kingdom)

FalseApply Areal Reduction Factor?
False

Pipe Flow Includes Pipe Travel 
Time?

1.300
Runoff Routing Coefficient 
(Cr)
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100YR

Profile Report

Engineering Profile - ST LINE A (1141-CFA Yosemite.stsw)
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PHASE III DRAINAGE STUDY
PROJECT MAJESTIC

DOUGLAS COUNTY, COLORADO
OCTOBER 1994

REV. DECEMBER 1994

^i/^y-





"THIS REPORT AND PLAN FOR THE PHASE It) DRAINAGE DESIGN OF PROJECT MAJESTIC WAS
PREPARED UNDER MY DIRECT SUPERVISION IN ACCORDANCE WITH THE PROVISIONS OF DOUGLAS
COUNTY DRAINAGE DESIGN AND TECHNICAL CRITERIA FOR THE OWNERS THEREOF. I UNDERSTAND
THAT DOUGLAS COUNTY DOES NOT AND WILL NOT ASSUME LIABILITY FOR DRAINAGE FACILITIES
DESIGNED BY OTHERS."

SIGNATURE:
REGISTERED PROFESSIONAL ENGINEER STATE
OF COLORADO NO. 15586

(SEAL)

"TANDY CORPORATION HEREBY CERTIFIES THATTHE DRAINAGE FACILITIES FOR PROJECT MAJESTIC
SHALL BE CONSTRUCTEDACCORDINGTO THE DESIGN PRESENTED IN THIS REPORT. I UNDERSTAND
THAT DOUGLAS COUNTY DOES NOT AND WILL NOT ASSUME LIABILITY FOR THE DRAINAGE
FACILITIES DESIGNED AND/OR CERTIFIED BY MY ENGINEER AND THAT DOUGLAS COUNTY REVIEWS
DRAINAGE PLANS PURSUANT TO COLORADO REVISED STATUES, TITLE 30. ARTICLE 28; BUT CANNOT,
ON BEHALF OF PROJECT MAJESTIC, GUARANTEE THAT FINAL DRAINAGE DESIGN REVIEW WILL
ABSOLVE TANDY CORPORATION AND/OR THEIR SUCCESSORS AND/OR ASSIGNS OF FUTURE
LIABILITY FOR IMPROPER DESIGN. I FURTHER UNDERSTAND THAT APPROVAL OF THE FINAL PLAT
DOES NOT IMPLY APPROVAL OF MY ENGINEER’S DRAINAGE DESIGN."

NAME OF DEVELOPER

AUTHORIZED SIGNATURE TITLE DATE

COUNTY ENGINEER

DATE

THESE CONSTRUCTION PLANS HAVE BEEN
REVIEWED BY DOUGLAS COUNTY FOR STREET
AND DRAINAGE IMPROVEMENTS ONLY.

ENGINEERING DIVISION ACCEPTANCE BLOCK
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II DESIGN CRITERIA

On-site flows were calculated using the Rational Method as described in the Urban Drainage

Flood Control District’s "Urban Storm Drainage Manual, Volume I", revised May 1984.

Runoff flows were calculated for the 5-year and 100-year design storms. A minimum time of

concentration (Tc) of five minutes was used when applicable. Street and gutter capacity was

done in accordance with Douglas County Drainage Criteria Manual. It was determined that

no off-site flows would enter the site. Detention will be provided on-site. The proposed

detention pond will release into a proposed swale that flows to an existing detention pond

that was designed and detailed in a previous Drainage Study entitled "Parkway Master

Drainage Study", prepared by Costin Engineering Company, July 1984.





concentration (Tc) of 5:00 minutes with a minor and major runoff flow of 7.35 cfs and 14.22

cfs. Runoff flows east where it is captured by roof drains and routed through pipes to the

detention pond. Basin G has a time of concentration (Tc) of 7.75 minutes with a minor and

major flow of 1.68 cfs and 2.24 cfs. Runoff flows southeast to Inlet HH (Design Point 6)

which is located in a sump on the southwest side of Basin G. Runoff captured then flows

through pipes to the detention pond. Basin H has a concentration time (Tc) of 7.58 minutes

with minor and major runoff flow of 2.16 cfs and 2.89 cfs. Runoff flows north to Inlet GG

(Design Point 7) which is located in a sump on the north side of Basin H. Runoff captured

then flows through pipes to the detention pond. Basin I has a time of concentration (Tc) of

5:00 minutes with a minor and major runoff flow of 2.65 cfs and 5.58 cfs. Runoff flows north

to Inlet FF (Design Point 8) which is located in a sump on the north side of Basin I. Runoff

captured then flows the detention pond. Basin J has a concentration time (Tc) of 5.00

minutes with a minor and major runoff flow of 1.23 cfs and 2.34 cfs. Runoff flows undetained

northeast to South Yosemite Street.

Detention for the site will be provided on the site. It was determined that the detention

volume needed for the 10-year storm was 1.22 acre ft. and 2.08 acre ft. for the 100-year storm.

The detention pond will release at a rate of 3.61 cfs for the minor storm and 14.47 cfs for the

major storm.

None of the developed or historic flows outlined above exceed the street/gutter capacities

outlined in the Douglas County Storm Drainage and Technical Criteria Manual (see

Appendix B).



IV CONCLUSION

The proposed development is approximately a 16.81 acre site consisting of a building with

parking and landscaped areas. The purpose of this study was to outline a storm water

management system to accommodate the runoff from this development. The on-site drainage

basins for this development were analyzed using the Rational Method. The entire storm

sewer system was designed to convey all the major (100-year) storm. The proposed detention

pond will accommodate the volume required for the developed site and will release to a swale

which flows to an existing pond previously designed site. All existing and developed flows

from the site are consistent with the Parkway Master Drainage Study" proposed by Costin

Engineering Company, July 1984.

During construction and grading, erosion control measures will be taken to reduce sediment

transport to adjacent property and to prevent clogging of storm sewers. Once development

is completed, local sediment transport should not be a problem because all of the site will be

paved or landscaped.



APPENDIX A





TABLES

DESIGN POINT SUMMARY

DESIGN
POINT

1A

1

2A

2

3

4

5

6

7

8

CONTRIBUTING
BASINS

A

A

B

B

D

E

F

G

H

I

AREA
(AQ

6.01

6.01

1.99

1.99

1.49

1.76

1.76

0.45

0.64

0.88

05
(CFS^

2.50

19.42

2.50

5.50

4.90

7.35

7.35

1.68

2.16

2.65

OKX)
fCFS

2.50

37.60

2.50

13.26

10.08

14.22

14.22

2.24

2.89

5.58
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ĥ-

01
M

CD
10

1^-

^9
�-T

6̂

3̂:

0)

��

U"l
^3
«;

^^r
�^r
in

§
In

^9

$
0

<-

H
<A

fi

^-T
U)
M

8
in

8

6̂

h

0 ^^^

1
^̂̂v
^^



M

^ ’/

& °1’b 0

r; 2

E- l
I I- W
0 0 z
2 ^ 0
a o »
0 a uj

�» & Q

OS
(0 "Uj 3

co Q 02 S g
2 S §S S2 ;
0 ^ 8y 2 m §

’ a o ?
oc < u

^ z s
0 <

_�
5 « ^^ Q z
co z 2

£ »-
0 <
i- a
co ’"’

0 0>

I �5
-^ N

£

Ql ^s " i
a ^ >!

y S d? S
5 co S
3 ^0 IU 0
-J ^ UJ
< < z
0 Q 0

w
^c
a:
<
2
UJ
a:

LJs
UJ

$
K
1-

UJ
a.
&

tU
UJ
K

Eo
fc
0
z
3
a:

-i
<

u.
IL.
0z
5

5
a;
Q

INIOd
N91530

Z
<?
<�
Cft

IN1H)

ISdd)
Jkll30~I3A

(Id)
HX9N31

3ZIS
3dld
(%)

3dO^S

:SdO)MO-U
N91530

ISJO)MO^
133U1S

(%)
3dO-lS

(SJ3)
0

(UH/NI)
I

(0V)
(V-3)»
(NIW)
3;

(sja)
0

UH/NI
I -

(0V)
v-o
awi)

’7
JJ300
jjONny

Ovi
V3SV

N01530
v3yv

ŵ
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MARTIN/MARTIN
Consulting Engirwn

REV ^-\5-94

Title N’’ Prte 3 - Job no.

Subject By ^ LQLQ’/f’-^^ «»^ ’. ot 3

BA.S’N A

A-T s &-0[ AC.

A-s^ » o- so AC

AL = 0-44 Ac

Ap = 5-27 /C

C5 -. o-ar
C5= 0-01

Cs- 0.06

C>oo- 0-89

Gioo’ .0.-20

C’oo’ 0-93

Cs = Co-s^fo-3o). i^o-oOc.o-44) <o.ee)(^27) �= o.si

(j.O

Ctoo ^ (0-99)^0.30) ->� C’0�^o)ff0�44) t ^Q-9g^5-g7) .0-57
(p.01 4

tF
�

BAsii^ 8

AT - 1-99AC

Asw = 0-C^^c

Ai-= 0-’2 AC

A?-- 1-02 Ac.

�5= O.ST Cioo^ 0-0@

C5_-:..O^Qii.. .C.ioo.^.. 0-20.

Cs-Q-j3e.._. C.W 0-93

..

Cs pCQ^l^^QS.) t CQ-0’).(-Q-^l^CQ-&a)-Ll--Qg-) . -^_Q^S$_
. ..ji-a& .

"

e>QQL^o-Q3Xo^£)+ CO-SQ^.-^) + (’Q.-^Ci-^l-.-o-eQ
-i-^ ..





MARTIN/MARTIN
Conuilting Engin�re

Titto /
REV 12-19-94

DM* �^ /-

Job no.

Subfct By
^

^ / �"" Sh�t r of ^

B^’;\ (7

Â T- 0.45M

A - - 0 - \9 AC

A? = 0-23 Ac

Asv^- 0’ 03 Ac.

C<;--0-0!

Cs-- O-QQ
(25- 0.97

-ioo ’ 0-20

C.co ^ 0-99

C’oo 1 0-69

,�-/_ �\Cs^o-oQCo-is) ^ Co-QQ^Q-^^t CP-S^)(O-O^ ^ Q-5L

0-4^

ioo = Co-20/Co-.5^ - _’o-93)(o--23^4 <o.99)<o-03)
0-45

= 0-&£

a-

A-r = o-&4 AC

Ak-^ 0-31 Ac C? s 0-01 CIOQ . 0-20

Ap- 0-33 Ac.
�

.Cs - 0-86 ....^oo’ 0-^3

C5’ Co�o’\/0�3l^ r.Q--68’iCo-33) , 0.4^,
o-’^4 . . .

^===:=1

Ooo a Co-aoX^) ^ (^9y)-(o-3?) , o; ga
� 0-64

������

SASI^ X.

|M-Ae...-L_.-..
W Ac,

,� .Cs -o-oi . . Ciqo.^o.fo

Api^-fcL AC . . C5 - 0- 66-, -.-_-._CIOQ � .0- 95

C.s -- ^0-QO^O-g7)+ <’0-86^(o-<jl) s 0-<2>|

0-08. .

^’oo ^ Co-go’) ^Q-gr) -h ^Q-93)Co-^))
^ . o.T

0-86

QAs^ T Cs-- 0-'6 C’oo1 0-93



MARTIN/MARTIN
Consulting Engirwws

Tiir MAT’^- :. T^-v Pf S2.- ’^-^^ Jobno.

Subject tNUsT S^TVa- By D LQ\;/TO ShMt ^ of 4

l^\-�T 00 (DES\&^ PoiMT 1A)

TOTAL FLOV^ 1"5. RUt^OPF TO DeSlGrtsi PQVMT

iN^-er ^ Pp^ \A)\LL CA,ProRe MI^I/AAL FLO^

Qs = .21.9^

Gl\oo = 4o-\o

CkM ¥bin6 TO P^^ O^FTH OF- 0-17 F-T

ose T^’pe’ \G co^e’^ft-noi^

Q^ . 2 5 CFS -?(�

Qcos � 2(-92-2.5 ’ 69-42 CPS

(So&ioo = 4o-\0-2-5 ^ 37-^ -FS

CARP’< CMER To 0-P- I INLST CC.

]ML£T CC ( DESIGN Rait^T 0

C^RP’<O^EK Fi-ovL.F’Bow i^i-er. oo

Qs ^ ^4aCFs’
"

7

.a^oo-= yr-^ocps
~^"

PO*0"’1^ PcPr^ = l-O’ CSQMP COfJ&mori)

Q»rt5= t9-4a ef£�& -«

Q^o-37-^0 CF5 *�

hlo CARR-<c^ER

FI-QUI (9 ST M^ 5

(35s 19-42+2-SC’- Z\-e2 CFS

Q^’^r.&o+a-so t ^o.io&^s



MARTIN/MARTIN
Con^inBEn^r,

TItk ^^-^’ : /��:____________W 1^-20-9^ Job HO.____________

Subject \^gT S\x^-y____________By D LO-/ATQ ShMt 2 o* 4

MLE:T 8' (. OES\&^ Po^-T 2A)

TbTA^ FLQVJ \s R’J^OFF To OEsi&ri Tb\n-r ?A

^LET \^ PM \ri\^.\- C^P:LTJP£. N\^l^AL FLO^

QS -- 8-00 CF& CA^ Po^O To PA»A DEPT^, OF 0-H

QuaQ= ^�"i’& CF£

ULSE T^PE’ Idi CorABi^^Tio^

QA^ 2-5 CFS �?(�

Qcos ’ 8-00 - 2-5 -- 5.50CFS

Qc&\oo-1 15.T(, - 2-5=^-2<SCFs

CARR’< cweR TO D.P. 2 INLFT AA

,MLFT AA ( oes\&isl P&IMT?’)

CARPY o^eR FLO^ Ffto^ i^L£T 86

Q^-5.50CF5

<^w ra-’2*" ^s

PO^Ok^fe DEPTH = \-0~ CSUMP COf^O^TiO^^

LLS^ .^.T^PE.R . ,

QiUKto-- O.ZtCF’S’ �**� FLQ^ e ST M^ ^
Gi^ �- 21.92+ ?.’5’+ &-50 ’ 59.92

QIQQ-- ’40-10 + 5.5-+ )3.e^
� 55’-8<o

FL&W) ^»JTO Pa^D^�1



MARTIN/MARTIN
Ccn.^nB.En^

THI. f/.^.- :. -/ -- ..____________D.t« ,2-^0 ^ JOb HO._____________

Subject ’.H-^- g’-z’^.j____________By 0 .0-/A�.3 3h�t ^ ol ^

1MLET EE’ (DE-siS.^ Po^T -3’

Qs : 4.eo CFS

aloo* ’o’^ CF%

Pot^OlMCr DEPT^ ^ 0-5’ <SuMp CO^DiT’O^J
rtciG^r OF coR6

Ll^.E’ 10’Ti-Pe- R

Q/<-- 10’?0 CFS

O^s- 490CFS ^
Qirtvoo3 10-06 ^S ^
^0 CARP-? O^E-R

t^LET FF CC>gs^6�^l ?b\>J-r 8’)

QS- 2-G6 CF&

Q^oo-- 5-56 &^

Pc»iDi»l& DEPTH =- 0-5’ <SOMP Conorno^
^ei&t+T OF COR&

FtO^ Q. ST MH 4

QS^ 13-854 4-90+ 7-35 ’ ^.10 C^S

QIOQ’ 24’93+ 10-OQ + 14-2? = 49i23^£

JFLO^ i^-r&

POMO

.(^5: -^.
-4--

<Siri,oo t 5^&C^ �»
FLQ^ $ ST MU T

>- QS’ \\- 20 +2. (.5 = l5-Q5 crs

^QloO-- \9-9S+ 5"-56 ’ 24-93^5
Me CARR-t’ O^ER





MARTIN/MARTIN
Consulting Engineer*

TItte MA^ST^ ’^�^:>’

R?/ :-5-5^
D<t« /2-^a-34 Job no.

Subject g-TQF^ C^/- r’ AMfe’- .: By [^ i-Q’.^-’Q 8h�t ’, of

f"! ^

'J

'



MARTIN/MARTIN
Consulting Engin�rs

ritto

Sub)»ct ^^rr::.\^ ^r\ v,^. )

BAs^ T.. I^OT Oe-rAi^EC, F’.^^; �’:-r ^^^
AT^ ^�Si - 0-£6

AT^ 16.53 AC

\0o ’<FA% -

^oo ’- ^^oo AT

kioo^ Ci.-ra’x - o-ooax^- 9.5^/100

x’’- e>o°/o I^PE-R^O^

Kioc^ 0-1£&

Ar= \<o.S3 Ac

^100-- Co.l2(.) Cli.-^)

^00 = 2-OQ AC. FT ( 906.05 CF’)

10 \’E’AR -

N\o- KtoAr
Kio = Co-953--

X’1- 60%. . ....�

KtO-^0 074

l.9o)/tooo

%^CO-074 )(;!(? .53)

^o- 1-ggAc. FT (63»43CF)





MARTIN/MARTIN
Con.ulKng Engln-re

T1tte ’� ’ - - - ^’ ! � .-___________P^ j2 - ^t 34 Job 00._____________

Subt^t D^^tV- ^ Q^^\_____By D LO--;A-^ 9h^t ^ of g-

QA^ "S" ^^T OE-TA^IE-^

Qio= 1-43 W

Q^oo’ 2.34 CFS

Ar= ^.81

=> FftO^ Co\)&Lfr£ CO^TY %TORM DRAlMACr£ DESI&M
AI^D T^CriMlCfrL CRITERIA

QlOOR-- ’�0 ^T^/AC

QlOR * 0-30 C.FS/AC

VOO^ft - GiR=(l-o)^l(.-80 - 3-34

QiooR" 14-4T CFS ^

.0 SR - Qft,= C-3o)0^.9’’) - ^4?

= 3-(o\ (:FS X

�^ NOTE-

BASIN T OE’J^-oPe-D f?\)^OPF

S’J%-TffAcT^O FROM RSLe-ASE

^ATS’ Foff -nsTAl- AftE-A.



<?£�/ \2-<-?-’
Drt* D - ^ ^ 4 Job no.

MARTIN/MARTIN
TItto At^Consulting Engln�rs

Subfet ,^-.��--- ^� ’�- �-

\ ^ iOO ^K �^ E--- .11- S4

\ l-4a’/; v ,o^ E-. ,o.o<. ^�� "^ ^^

iisn

MINOR S-ORM : ^^T-5.73
r

C^oR= 3-^1 C.FS
’

FLO’A) T^PO-^ 19 ^CP :

* l^.-EO &FS

�=> USE ORiFlC£ PLAT�’

I ^^w--
^ = Cc

0-3
’

<3-92 6-25
’

’$.-77 2-S-5
A r r

H - 3-3H- 2/5 r f-5L

A-
C ^

H -
Q.

^

^

\’
*

o&’

-/

’1-T6 3F
Q-(o5

3-36

CA \Tsa’k",

CO.’-S)<I.T^

’^^^A��--T""’’-
^^BF’tin-’o.’ie"-’

?s-1 r’o- -75-"
L o^S ^

31 Co(.- s^^

<

I?

i^.4^3
>...3-^

��.L-
^-

.

.1^

^-1

Cosot)

S>/<0^3
o<--6mOC

IM^s-^.QO p^�

Oft’^lC-E !’’LF Ifi" flCP- ]
@ 0.57^

fc3iX. ... ,

CFS

h,

CFT
-

I. SO"" 3---t4 i-XT S-:31 YU.1-7
. . . -.

^-ga

o-g

0-4

0.39

Cosc< J

T

r

K. "I -25 o-sg. 3.36 4-.
l.ofi o.3Q 9.-1-? 3.

h

i^
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DRAINAGE CRITERIA MANUAL

TABLE 3-1 (42)
RECOWENDED.RUNOFF COEFFICIENTS AND PERCENT IMPERVIOUS

LAND USE OR PERCENT
SURFACE CHARACTERISTICS IMPERVIOUS
Business:

Commercial Areas 95

Neighborhood Areas 70

Residential:

Single-Family �

Multi-Unit (detached) 50

Multi-Unit (attached) 70

1/2 Acre Lot or Larger *

Apartments 70

Industrial:

Light Areas 80

Heavy Acres 90

Parks. Cemetaries: 7
Playgrounds: 13

Schools: sn
Railroad Ya--d Arees 20

Undeveloped Areas:
Historic Flow Analysis- 2

Greenbelts. Agricultural

Offsite Flow Analysis 45
(when land use not defined)

Streets:
Paved 100
Gravel (Packed) 40

Drive and Walks: oc

Roofs: 90
Lawns. Sandy Soil n
Lawns. Clayey Soil n

NOTE: These Rational Fonula coefficients �y not be

*See Figure 2-1 for percent Impervious.

11-1-90
URBAN DRAINAGE AND FLOOD CONTROL DISTRICT
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.47

.88
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.15

QUEHCY
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.88

.70

.50

.60

.70

.40

.70

.76

.85

.25

.30

.60

.35

.55

.90

.50
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.70
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.60
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large basins.



DRAINAGE CRITERIA MANUAL RUNOPF

.2 3 .5 1 2 3 5
VELOCITY IN FEET PER SECOND

FIGURE 3-2. ESTIMATE OF AVERAGE PLOW VELOCITY FOR
USE WITH THE NATIONAL FORMULA.

�MOST FREQUENTLY OCCURRING’UNDEVELOPED"
LAND SURFACES IN THE DENVER REGION.

REFERENCE. -Urban Hydrolo«y For SmaJI Wfr«h«d«’ Technical

H«to»» No. 55. USDA. SCC JM. ITS.

5-1-84
UABAM DRAINAGE � rLOOO CONTROL DISTRICT





DRAINAGE CRITERIA MANUAL RUNOFF

V « 0.47 ft/sec.

The travel time can then be calculated using this velocity and 2100
feet of travel length.

. .__ , ______2100 ft._____
’t CT7 (60 sec/min)(0.47 ft/sec)
t. - 75 minutes

Step 4: Combine t^ and t^ to find the estimated time of concentration t .

t^ « t^ + t^ - (Equation 3-2)

t^ � 31 + 75 - 106 minutes

3.4.2 Time of Concentration In Urbanized Basins
Overland flow In urbanized basins can occur from the back of the lot to

the street. In parking lots. In greenbelt area, or within park areas. It can
be calculated using the procedure described In Section 3.4.1 except the travel
time t^ to the first design point or Inlet Is estimated using the "Paved Area
(Sheet Flow) & Shallow Gutter Flow" line In Figure 3-2 and the over land flow
distance should not exceed 300 feet^ Also. the time of concentration at the
first design point in an urbanized basins using this procedure should not
exceed the tine of concentration calculated using Equation 3-4. Equation 3-4
was developed using the rainfall/runoff data collected In the Denver region
and. In essence, represents regional "calibration" of the Rational Method.

^
� -^ + "> (3-4)

In which t^ - tine of concentration at the first design point
tn an urban watershed (minutes)

L - watershed length (feet)

Normally. Equation 3-4 will result In a lesser tine of concentration at
the first design point and win.. govern In an urbanized watershed. For
subsequent design points, the time of concentration Is calculated by
accumulating the travel times In downstream drainageway reaches. The minimum

5-1-84



STORM DRAINAGE DESIGN AND TECHNICAL CRITERIAl FIGURE 002

ALLOWABLE INLET CAPACITY
TYPE � R CURB OPENING ON A CONTINUOUS GRADE

0.6 0.8 1.0 2.0 3.0 4.0 6.0

STREET SLOPE (%)
NOTES: 1. Maximum Inlet capacity at maximum allowable flow

depth. Proportionally reduce for other depths.

2. Allowable Capacity c

881 (L = 5’) 19ZX (L = 10’) ) of Theoretical Capacity
95% (L - 151} I .

__
3l Interpolate for other inlet lengths.

Date: NOV 1084
Rev:

REFERENCE:
WRC ENGINEERING. INC., TM-2 AUG. 1984



STORM DRAINAGE DESIGN AND TECHNICAL CRITERIA) FIGURE 803

ALLOWABLE INLET CAPACITY
SUMP CONDITIONS - ALL INLETS

DEPTH OF FLOW (FT)

0.4 0.6 0.8

DEPTH OF PLOW (ft)

1.0

Date: NOV 1984
Rev: JULY 1985

REFERENCE:
WRC ENGINEERING. INC.. TM-2 AUG. 1984



STORM DRAINAGE DESIGN AND TECHNICAL CRITERlAl FIGURE 1003

ALLOWABLE GUTTER CAPACITY
MINOR STORM

0

c
UJ
t-
fr-
3
o
cc
UJ
&

0

>
t-

3
<
&
<
0

UJ
-I
01
<
5
0

NOTES:

1. DESIGN CONDITIONS

Q = FtO.SAtz/rOS17^873)
F = (From Fig. 6-2. 8.2. Ref. 1)
n = 0.016 for STREETS

2. Figure includes reduction factor for allowable capacity.

3. Curve numbers for specific street sections are listed on Table 1001.

DATE:
REV:

REFERENCE:

_____WR C ENGINEERING, INC. TM-2. MARCH 1»85



STORM DRAINAGE DESIGN AND TECHNICAL CRITERIA| FIGURE 1004

ALLOWABLE GUTTER CAPACITY
MAJOR STORM

100 yr.wter �urface

curb and gutter typical

depth type A.B.C

NOTE: See eection 3.4.4
cc
UJ
h-
1-
3
0

cc
UJ
&

0

0 "
<^
&^

<
0

UJ
�j

01
<
?
0

^ 0.4 0.0 0.8 1.0 2.0 3.0 4.0 C.O 8.0
< 3TBEET SLOPE (I)

NOTES:

1. DESIGN CONDITIONS

Q = FtO.SB^S17^873)
n

F = (from Fig. 6-2. 8.2. Ref l»
n = 0.016 for STREETS
n ^ 0.025 for GRASS

2. Figure includes reduction factor for allowable capacity.

3. This figure is applicable only for the street sections listed on Fable
1001.

Date: NOV 1984 | REFERENCE:
Rev: WRC ENGINEERING. INC. TM-2 JULY 1084
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DRAINAGE CR TERIA MANUA.
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FIGURE 2-3. CURVES FOR DETERMINING THE CRITICAL DEPTH
IN OPEN CHANNELS (5)

12-15 -68
0«nfr tt«gionai Cojnc<> of Govrnttfnr
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FIGURE 2-L NORMAL DEPTH FOR UNIFORM
FLOW IN OPEN CMANNELS (51

12-15-68
Otnvr Niqianoi Council (it Goi«rn>rcnf«
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Click

OBJECTS

In the Query Window to
View Available Plans
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Appendix E 
(Site Detail Information) 

 


