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ENGINEER'S CERTIFICATION

The report for the final design of the Replat of Lot 4, Crown Point Filing 1, 15" Amendment
was prepared by me in accordance with the provision of the Town of Parker Storm Drainage
and Environmental Criteria Manual. | understand that the Town of Parker and its designated

town authority do not and will not assume liability for drainage facilities designed by others.

William E. Miller PE

Registered Professional Engineer
State of Colorado No. 13889
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Final Drainage Plan
Replat of Lot 4, Crown Point, Filing 1, 15" Amendment

I Purpose

The intent of this report is to define the general runoff direction and quantities, as well as the
receiving facilities of those runoff quantities, together with the locations of the water of existing
water quality and detention facilities, to service the property.

i. GENERAL LOCATION AND DESCRIPTION

A. Site Location

The project is located at the southwest corner of Cottonwood Drive and E-470. The entire
parcel contains 14.875 acres and access to the individual parcels are from access roads as
defined in the final plat of Crown Point, F#1. 14" Amendment as recorded in the Douglas
County Records at Reception No. 2007081477, October 17" 2007. All roads with the
referenced F#1 are private and are maintained by the commercial association. The re-
subdivided lots within Lot 4 are mainly accessed off of a private road that skirts the west side
of lot 4. A right in/right out access is proposed off of Cottonwood about midpoint of the
frontage along Lot 4. The project is surrounded by E-470 on the east, Parker Road on the
south, Cosco on the west, and proposed commercial property on the north. A vicinity map is
included in Appendix A of this report for reference.

The entire project is located in a part of Sections 3 and 4, Township 6 South, Range 66 West
of the 6" Principal Meridian, Town of Parker, County of Douglas, State of Colorado.

A replat of Lot 4, Crown Point has been submitted to the Town of Parker for their review. The
replat indicates that Lot 4 of F#1 is divided into 5 lots, ranging in area from 1.19 acres in lot 5
to the largest of 9.04 acres for lot 1. Boondocks Entertainment is to be constructed in Lot 1
and will consist of a 30,100 sf building with approximately 3.74 acres of outside entertainment.
The outside entertainment consists of two race tracks, two miniature golf courses and a boat
bumper pool.

B. Property Description

The property is currently owned by Stratus Companies, LLC and contains a total of 14.875
acres. The existing ground of the entire acreage slopes from the east to the west at an
approximate gradient of 2%. The runoff from the property is currently collected in a drainage
ditch which flows along the western property from the southwest corner of the property to the
northwest corner where it is collected in a temporary water quality and sediment basin.

The lot has had structural fill placed to create the slope that it now has. That structural fill has
been reseeded with the native grasses that Urban Drainage has recommended for the area.
The ground cover is probably at 75% and has provided protection against erosion. There do
not appear to be any rivulets on the property and all the runoff appears to discharge in a sheet
flow manner into the aforementioned swale.

A Custom Soil Report was prepared by NCRS for this project through their WEB program. The
report identifies the soils as Bressner Sandy loam on 9.2 acres, Mazanola Clay loam over 4.2
acres with the remainder of the area consisting of Bressner-Truckton sandy loam and
Sampson loam..

Nunn loam which generally has slopes of 0 to 3% and is found in streams and stream

terraces. The soil is well drained and generally the depth to water table is 80 inches or greater.
A typical profile is 0 to 3" of loam, 3 to 22" of Clay loam, and 22 to 60" contains Sandy clay
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loam, fine sandy loam and sandy loam. A copy of the NCRS report is located in Appendix A,
pages A.2 through A.16. Nunn loam is classified as Hydrologic Group C.

There are no major or minor drainage ways nor existing irrigation canals and ditches which are
tributary to or traverse the site.

According to the Flood Insurance Rate Map (FIRM) published by FEMA, the subject property is
referenced within Map Number 08035C0067F, latest Revision September 30, 2005. The
subject property is indicated to be in Zone X which is defined as areas of minimal flooding
outside of the 500 year flood area.

In order to ensure proper foundation construction of the future building a soils investigation has
been preformed by Ground Engineering. During that investigation ground water was found at
21’ below existing grade.. The soils engineer recommends that they be notified during the
construction process to evaluate the need for an under drain around the building foundations,
especially the extension of the downspouts beyond 10 from the foundation. MM&D
Engineering experience indicates the downspout extension is a hit and miss situation during
construction. Downspouts and splash blocks have a tendency to move during the final exterior
covering of the building surfaces and may not be replaced immediately. We have had
extensions left up during heavy spring downpours and during the thawing cycle of a snow
storm. Both conditions have inundated the backfill immediate to the building and created
problems later in the building’s life.

lil. DRAINAGE BASINS AND SUB-BAS1NS

A. Major Basin Description

A major drainage study was completed for the Crown Point F#1 development on September 7,
2007 by J.R. Engineering. A more detailed report for Crown Point F#1, 14" Amendment was
prepared by Merrick & Company on August 15, 2007. The project is located in the Cherry
Creek major drainage way planning area and the Cherry Creek flood hazard area delineation.
The project site is located in an unnamed Major Basin tributary to Cherry Creek, which drains
approximately 600 acres towards the intersection of South Parker Road and Cottonwood
Drive. The site is not within any floodplain as delineated on the FEMA FIRM Map No.
08035C0067F, dated September 30, 2005.

The drainage report complies with the previous reports prepared for the overall site titled
Crown Point F#1, 6" Amendment Final Drainage Report dated August 2004 prepared by
Merrick and Company as well as Crown Point F#114"™ Amendment, Final Drainage Report,
dated August 15, 2007 prepared by Merrick and Company. Lot 4 release rates are compared
later in the report with those anticipated in the 14" Amendment report. All runoff from the
southern portion of Lot 4 will be directed into the existing storm sewer as installed with Lot 2
and the northern portion will be directed into an existing 42" that collects the runoff and
transferred it under the access road to Cosco.

In order to provide better site visibility of the Boondocks Facility from the E-470, a portion of
the berm along the E-470 exit ramp to Parker Road will be removed. However, the amount
drainage flowing into the Boondocks site as well as the drainage into the E-470 ROW and
borrow ditch will remain the same. The resultant drainage to E-470 will continue along the
borrow ditch between the E-470 asphalt and the toe of the berm. The borrow ditch will remain
in the same configuration, vertically as well as horizontally. Although the berm will be lowered,
the top of the berm will divide the amount of runoff to both sides as it currently does.



B. Site Sub-basin Description

Developed On and Offsite Basins

As described earlier the site is located at the northwest corner of E-470 and S Parker Road
intersection. With the construction of E-470 all offsite flows that were historically conveyed
across the site have been eliminated. The site historically drained from the east to the west to
the Cosco site into existing storm sewer. All the flows are then routed to a "regional” detention
pond located northwest of the site.

IV. DRAINAGE DESIGN CRITERIA

A. Regulations
The onsite drainage design complies with the Town of Parker’s Storm Drainage and

Environmental Criteria Manual, the final drainage report Crown Point F#1, 14" Amendment
prepared by Merrick & Company, August 15, 2007, and the Urban Storm drainage Manual by
Urban Drainage and Flood Control District. The report and plan also complies with the Town of
Parker Flood Plain Ordinance.

As stated earlier the project is not within any 100 year mapped floodplain.

B. Compliance with Towns Stream Preservation Standards

There are no streams which either traverse through or are adjacent to the project. As stated
earlier that the overall drainage for the Crown point F#1 is collected in a common water quality
and detention pond located on the west end of Crown Point. The water is then carried into
Cherry Creek after water quality BMP’s.

C. Development Reference Criteria and Constraints

.This drainage design within this study conforms to the drainage design criteria proposed in
Crown Point F#1, 14" Amendment by Merrick and Company. A comparison of the anticipated
runoff flows and the actual calculated flows from our report is summed later in the Conclusions;
Drainage Concept of this report.

Drainage Constraints of this site consist of the surrounding roads and storm sewer as well as
the existing development of the Cosco site The road constraints consist of E-470 on the west,
Cottonwood Dr on the north, Parker Road & E-470 off ramp on the south, 18800 Road on the
westerly upper portion of the site, and the Cosco parking lot and associated development
structures on the southwestern side of the project. A vicinity map is attached in Appendix A
which graphically defines the constraints. However even though these are physical
constraints to the site, they are not necessarily a negative constraint. The runoff from the east
has been blocked by the development of E-470, the runoff from the northeast is captured in
storm sewer in Cottonwood Dr and is transported to a water quality/detention pond, with the
development of 18800 Rd into the Cosco complex, a 42" RCP storm sewer was constructed
under the access to the commercial site which is to collect runoff from 8.77 acres of the 14.875
acres contributing from the Boondocks/Commercial Site, and a 30" RCP storm sewer with 24"
RCP stub-outs for collecting the runoff from the remaining acreage of the
Boondocks/Commercial site. All storm runoff from the Boon/docks/Commercial site are
collected in the existing storm sewer and directed into the master pond.

D. Hydrology C@riteria




The Town of Parker drainage criteria requirements were followed in this report. The minor
storm reflects the runoff generated by the 5 year storm and the major storm runoff reflects the
runoff from the 100 year storm. All runoff was calculated utilizing the Rational Method for the
model and the calculations are reproduced in Appendix B of this report. Since all the runoff
from this project is collected into an existing storm sewer system and will be directed into an
existing water quality/detention pond site, no ponds were required. The Master Drainage
Study already has accounted for the flow generated by the development of Lot 4, Crown point
F#1, 14" Amendment.

E. Hydraulic Criteria

There are no “streets” in this development. All access to the proposed buildings will be
through private drive lanes. Maintenance of the parking and drive aisles will be the
responsibility of the Owners Association. Storm sewer inlets and connecting storm sewer is
anticipated to collect all the runoff from the site within the parking areas and be directed into
the existing storm sewer. The attached drainage map indicates where the storm sewer is to be
located at where it is to connect to the existing storm sewer.

All storm sewer shall be a minimum of 18"RCP pipe per the Town of Parker’s Criteria.

F. Variance From Criteria
There is no variance required with this project.

V. Drainage Facility Design

A. General Concept

The project is divided into two major basin. Basin A consists of 21 sub-basins with a total
acreage of 16.09 acres. The flows collected in Basins A.1 —A.6 are collected in inlets and
connected to the existing 30” storm sewer which is in the road between Cosco and Boondocks.
Basin A.7-A.21 collects runoff from approximately 7.19 acres and discharges into inlets
proposed within the development. The flows with the A.7-A.21 Basins are directed to the
existing 42” storm which crosses 18800 Rd. per the Crown point F#1 14" Amendment
drainage report. The remaining Basin, Basin B, is also further subdivided into 4 sub-basins.
Basin B.1 and B.2 collect runoff from the south portion of Cottonwood Dr. and it is added with
the flows from Basin B.3 and B.4. Basins B.3 and B.4 collect runoff from the east side of
18800 Rd. The sum of the flows is then directed into and existing inlet at the southeast corner
of Cottonwood Dr and 18800 Rd. The only offsite flows contributing to this project are those
flows described in OS-1, Merrick Report for the 14" Amendment. The Merrick report reflects a
flow of 5.0 cfs for the 5 year and 10.4 cfs for the 100 year flow within Cottonwood. The street
calculations for flows at the flattest portion of the street (1.25%) reflects a depth of 5.1 inches
for the 5 year and 6.2 inches for the 100 year. The engineer for this MM&D report added the
flows from the OS-1 (Merrick) and determined the resulting flows within Cottonwood with
Basins B.1 and B.2 added to OS-1 as 7.7 cfs for the 5 year and 14.3 cfs for the 100 year. The
new flow depths in Cottonwood on the same grade reflect a depth of flow of 5.65 inches for the
5 year and 6.70 inches for the 100 year. The added flows will increase the depth of flow in
Cottonwood approximately 0.5 inches for the 5 year and 100 year storms the street
calculations are reproduced in Appendix C of this reort.



The flows from the project are collected in existing storm sewer that was placed during the
construction of the infrastructure of the Cosco commercial area. The flow from the southern
end of the project is collected into an existing 30” pipe and directed to the existing water
quality/detention pond at the west end of Crown Point F#1. The flow from the northern portion
of the project is routed to an existing 42” culvert under road 18800 at the intersection about
300’ south of the intersection of 18800 Rd and Cottonwood Dr. The 42" pipe is then proposed
to traverse across Lot 3, Crown Point F#1 and connect with a 42” pipe located on the west side
of Lot 3 where it is to discharge into the existing water quality/detention pond. However
because Lot 3 has not been developed and the proposed 42" cannot be located at this time,
the developer of Lot 4 and Lot 3 have come to an agreement that the existing 42" pipe that Lot
4 ties into, can daylight in an open channel and direct its flows into an existing temporary
sediment control pond as described in the Crown Point F#1, 14" Amendment by Merrick and
Company.

The accompanying Appendices contain the tables, charts, and figures required to model the
proposed flows, inlet sizes and storm sewer determinations. The majority of the charts are
reproduced from the Town of Parker Storm Drainage Criteria Manual or Urban Drainage and
Flood Control Volumes. Appendix E contains the drainage map from the Merrick & Company
report referenced herein. Its use is three fold, to give a graphic depiction of the drainage flow
direction, the flow quantities expected at the connecting pipes from the Boondocks/commercial
site as well as the intent of the engineered master plan.

Because of the master planning of the Crown Point F#! Project, there are no problems which
occur with the development of Lot 4.

As previously discussed, all the flows generated within the project are collected in inlets
located within the property or along the westerly adjoined accesses. The runoff will not be
transported downstream other than in the controlled confines a storm sewer.

B. Specific Details

As previously explained the project is broken into two major basins ( A & B). The basins and
their sub-basins are shown on the attached drainage map as well as the design points. Each
design point reflects the runoff from the sub-basins for the 5 year and 100 year storms. The
inlets were designed to capture 100% of the runoff. There are no problems associated with
the design of this project. All flows are captured in a pipe and delivered to the points as
delineated in the Crown Point F#1, 14™ Amendment.

The design point summations and inlet size is reproduced on page C.16 of Appendix C.

Inlets at DP 1 though DP 3 shall be type C inlet with close mesh grate. Inlets at DP 1 and DP
3 total flow assumes that all the internal private inlets are fully plugged with debris. All of the
type C inlets are designed to be set at the elevation that will allow 100% of the total plugged
flow to be captured. The inlets at DP 4 thru 13, DP 15 thru DP 17 are designed to be 5’ type R
inlets in sump condition. The flow at DP 14 is the anticipated flow that will pass through a
proposed chase section.

DP 18, DP 19. & DP 20 are anticipated collection points for the commercial area which is not,
at this time designed. The flows to the design points are assumed to be picked up in type R
inlets, but because of the chance of a different layout, the size and type of inlets may be
altered. Since the exact location of the collection points are not know, an 18” pipe will be



stubbed to the north to capture the flow from DP 18 & DP19 and an 18" pipe will be stubbed to
the south to capture the flow from DP 20.

The design points associated with Basin B are B.1 thru B.4. DP B.1 reflects the flow which is
in the existing curb of Cottonwood Dr. to Basin B.2. Basin B.2 flows are then routed to the
intersection of Cottonwood Dr and 18800 DFR where it is added with flow from Basin B.4 at
DP 24. DP.23 reflects the flow from Basin B.3 to the curb in Basin B.4. All flows from B.4 and
B.2 are added and enter the existing 10’ Type R inlet at the intersection of Cottonwood Dr and
18800 RD.

C. Detention Storage Requirements

Because a water quality/detention facility was designed with the Crown Point F#1, which is to
accommodate all the runoff from the Crown Point Subdivision, neither detention or water
quality is required.

D. Outlet Requirements
There are no requirements for an outlet configuration on the project.

E. Storm Sewer Discussion & Swale Description

The storm sewer calculations, inlet calculation and temporary swales are reproduced in
Appendix C and D. Generally the proposed storm sewer is to connect to the existing storm
sewer at DP 1, 2,3,4 on the south side and DP 28 on the north side. A graphical
representation of those connections is shown on the attached drainage map. The swale
calculation is also shown on Appendix D. The proposed channel is to transport the runoff from
DP 28 across Lot 2 to the existing swale and the existing sediment ponds.

A summation of the comparison of the original design flows at DP 4 and DP 5 as shown in the
Crown Point F#1, 14" Amendment with those of the total flow in the existing 30" RCP as it
leaves the project, the 42" RCP as it collects runoff from the northern portion, and the
discharge into the existing 10” Type R at Cottonwood Dr and 18800 Rd is as follows:

Flow in 30” RCP Q(5) Q(100)
14™ Amendment

AtDP 5 14.9 33.0
This report DP6 7.6 21.8

Flow in 42” RCP
14" Amendment
AtDP 4 329 703
This Report DP 28 17.1 37.3

Flow at Cottonwood

14" Amendment

AtDP 3 71 146
This report 22 13.8

As can be deduced from the flow comparison the amount of runoff is less than that which was
originally calculated in the Merrick Report.



The flow from the 42” RCP needs to be routed in a grassed channel. Those calculations for
this channel are located in Appendix D, page D.25. The channel is designed at a natural slope
of 0.94%, with a 5’ base and 4:1 side slopes.

F. Stormwater Utility Eligible Facilities

All of the onsite facilities are private. The off site swale across Lot 2 that is to be constructed
with this project does not drain any public lands and will not be eligibale for maintenance
through the Town’s Stormwater Utillity Department.

VL. Environmental Protection Criteria

A. General

The site contains 14.875 acres of undeveloped property. The area has previously been graded
and the vegetative stand that was reseeded after construction appears to be about 70%
coverage. The soils consist of weathered claystone/siltstone, claystone/siltstone and
sandstone bedrock. This resubdivision of Lot 4 is being subdivided into 5 commercial lots,
private drives and utilities.

There are no wetlands or potential T & E species. The site does not contain habitat protection
areas or stream restoration. The site is in compliance with state and federal environmental
permitting regulations. There are no variances requested for this project.

C. Construction BMP Plan

The site erosion control measures are to be placed on the site to reduce on site erosion,
prevent sediment from entering the storm sewer system, and to eliminate sediment deposit
runoff onto off-site properties. There currently exists one on site temporary sediment pond
which will be utilized until other areas have been filled and stabilized with reseeding. Once the
reseeding has been placed, the existing sediment pond will be filled and the outlet plugged in
order to prevent any sediment from leaving the site. The inlets will be protected by inlet
protection until construction has been completed. Any inlets that may continue to receive
runoff from undeveloped areas will have the soil protection retained until full upstream
development. All areas not covered by asphalt concrete, building or permanent landscaping
shall be seeded with an approved native seed per the Towns specifications. The contractor
shall be responsible for the inspection; maintaining and replacing erosion control measures
during the construction sequence.

D. Permanent BMP Plan
All flows remain within the Crown Point F#1 development and are directed into an existing
water quality/detention pond.



Vil CONCLUSION
A. Compliance with Standards

The drainage report and calculations are in compliance with the Town of Parkers Storm
Drainage and Environmental Criteria.

B. Drainage Concept

The design presented in this report effectively controls the peak runoff generated from this site.
Temporary erosion control sediment basin will be placed at undeveloped areas to control the
release of sediment from the undeveloped sites. The development of the basin will be
addressed in detail with the Grading Erosion Sediment Control Plan to be presented with final
construction documents. The development of sites other than that of Boondocks is unknown
at this time.

Storm drain pipes and inlets have been designed to accommodate the 100 year storm in all
cases. Although all of the inlets are located on private property, they have been design with
the Town Criteria for both the Type R and the Type C inlets.

C. Sediment & Erosion Control Concept

The sediment and erosion control plan will effectively contain sediment and storm water quality
through the interim and final stages of the plan.




APPENDIX A
Vicinity Map, FEMA (FIRM) & SCS Soils Information
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Preface

e e e e e e e S e e s L (e e e e e B )

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:/Awww.nrcs.usda.gov/wps/portal/
nres/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http:/
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 ora 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 alternative means
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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
(MLRASs). 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 cbserve 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
scientists classified and named the soils in the survey area, they compared the
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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
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 Unit Legend

Castle Rock Area, Colorado (C0622)

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

BrD Bresser sandy loam, 310 9 9.2 61.7%
percent slopes

BtE Bresser-Truckton sandy loams, 0.2 1.2%
5 to 25 percent slopes

Ma Manzanola clay loam 4.9 32.7%

Sa Sampson loam 0.7 4.4%

Totals for Area of Interest 15.0 100.0%

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
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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, 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.
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Castle Rock Area, Colorado

BrD—Bresser sandy loam, 3 to 9 percent slopes

Map Unit Setting
Elevation: 5,500 to 6,600 feet
Mean annual precipitation: 15 to 19 inches
Mean annual air temperature: 47 to 52 degrees F
Frost-free period: 120 to 135 days

Map Unit Composition
Bresser and similar soils: 85 percent
Minor components: 15 percent

Description of Bresser

Setting
Landform: Hills, ridges
Landform position (three-dimensional): Side slope, crest, base slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy eolian deposits

Typical profile
H1 - 0 to 8 inches: sandy loam
H2 - 8 to 30 inches: sandy clay loam
H3 - 30 to 60 inches: loamy sand

Properties and qualities
Slope: 3 to 9 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
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
Available water storage in profile: Moderate (about 7.6 inches)

Interpretive groups
Farmland classification: Not prime farmland
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: Sandy Foothill (R049BY210CO)

Minor Components

Truckton
Percent of map unit: 5 percent

Bresser
Percent of map unit: 5 percent

Loamy alluvial land
Percent of map unit: 4 percent

12
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Aquic haplustolls
Percent of map unit: 1 percent
Landform: Swales

BtE—Bresser-Truckton sandy loams, 5 to 25 percent slopes

Map Unit Setting
Elevation: 5,500 to 6,600 feet
Mean annual precipitation: 15 to 19 inches
Mean annual air temperature: 47 to 52 degrees F
Frost-free period: 120 to 135 days

Map Unit Composition
Bresser and similar soils: 50 percent
Truckton and similar soils: 35 percent
Minor components: 15 percent

Description of Bresser

Setting
Landform: Terraces
Landform position (three-dimensional): Tread, riser
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy eolian deposits

Typical profile
H1 - 0 to 8 inches: sandy loam
H2 - 8 to 30 inches: sandy clay loam
H3 - 30 to 60 inches: loamy sand

Properties and qualities

Slope: 5 to 15 percent

Depth fo restrictive feature: More than 80 inches

Natural drainage class: Well drained

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

Available water storage in profile: Moderate (about 7.6 inches)

Interpretive groups
Farmland classification: Not prime farmland
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Ecological site: Sandy Foothill (R049BY210CO)
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Description of Truckton

Setting
Landform: Terraces
Landform position (three-dimensional): Tread, riser
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from arkosic sedimentary rock

Typical profile
H1 - 0 to 4 inches: sandy loam
H2 - 4 to 19 inches: sandy loam
H3 - 19 to 60 inches: sandy loam

Properties and qualities
Slope: 10 to 25 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
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
Frequency of ponding: None
Available water storage in profile: Low (about 6.0 inches)

Interpretive groups
Farmland classification: Not prime farmland
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B

Minor Components

Newlin
Percent of map unit: 5 percent

Blakeland
Percent of map unit: 5 percent

Stapleton
Percent of map unit: 4 percent

Aquic haplustolls
Percent of map unit: 1 percent
Landform: Swales

Ma—Manzanola clay loam

Map Unit Setting
Elevation: 5,500 to 6,200 feet
Mean annual precipitation: 15 to 17 inches
Mean annual air temperature: 49 to 54 degrees F

14
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Frost-free period: 120 to 135 days

Map Unit Composition
Manzanola and similar soils: 85 percent
Minor components: 15 percent

Description of Manzanola

Setting
Landform: Mesas, plateaus
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from sedimentary rock and/or eolian deposits

Typical profile
H1 - 0 to 8 inches: clay loam
H2 - 8 to 42 inches: clay loam
H3 - 42 to 60 inches: clay loam

Properties and qualities
Slope: 3 to 6 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
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 in profile: 25 percent
Gypsum, maximum in profile: 2 percent
Salinity, maximum in profile: Nonsaline to slightly saline (2.0 to 8.0 mmhos/cm)
Available water storage in profile: High (about 10.7 inches)

Interpretive groups
Farmland classification: Not prime farmland
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: Clayey Foathill (R049BY208CO)

Minor Components

Renohill
Percent of map unit: 5 percent

Satanta
Percent of map unit: 3 percent

Buick
Percent of map unit: 3 percent

Fondis
Percent of map unit: 2 percent

Newlin
Percent of map unit: 2 percent
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Sa—Sampson loam

Map Unit Setting
Elevation: 5,500 to 6,600 feet
Mean annual precipitation: 15 to 19 inches
Mean annual air temperature: 48 to 50 degrees F
Frost-free period: 120 to 135 days

Map Unit Composition
Sampson and similar soils: 80 percent
Minor components: 20 percent

Description of Sampson

Setting
Landform: Stream terraces on drainageways
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Weathered alluvium derived from arkose

Typical profile
H1 - 0 to 9 inches: loam
H2 - 9 fo 28 inches: clay loam
H3 - 28 to 38 inches: loam
H4 - 38 to 60 inches: silt loam

Properties and qualities
Slope: 1 to 4 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 15 percent
Salinity, maximum in profile: Nonsaline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: High (about 9.5 inches)

Interpretive groups
Farmland classification: Farmland of statewide importance
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 3c
Hydrologic Soil Group: B
Ecological site: Loamy Foothill (R049BY202CO)
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Minor Components

Englewood
Percent of map unit: 8 percent

Bresser
Percent of map unit: 7 percent

Loamy alluvial land
Percent of map unit: 4 percent

Aquic haplustolls
Percent of map unit: 1 percent
Landform: Swales
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DRAINAGE CRITERIA MANUAL (V. 1) RUNOFF

Table RO-3—Recommended Percentage Imperviousness Values

Land Use or Percentage
Surface Characteristics Imperviousness

Business:

Commercial areas 95

Neighborhood areas 85
Residential:

Single-family o

Multi-unit (detached) 60

Multi-unit (attached) 75

Half-acre lot or larger *

Apartments 80
Industrial:

Light areas 80

Heavy areas 90
Parks, cemeteries 5
Playgrounds 10
Schools 50
Railroad yard areas 15
Undeveloped Areas:

Historic flow analysis 2

Greenbelts, agricultural 2

Off-site flow analysis 45

(when land use not defined)
Streets:

Paved 100

Gravel (packed) 40
Drive and walks 90
Roofs 90
Lawns, sandy soil 0
Lawns, clayey soil 0

* See Figures RO-3 through RO-5 for percentage imperviousness.
C, =K, + (131 —1.44” +1.135i — 0.12) for C4>0, otherwise C4=0  (RO-6)
Cpp = Ko +(0.858i° — 07861 + 0.774i + 0.04) (RO-7)
Cy=(Cr+Ce)/2

2007-01 RO-9

Urban Drainage and Flood Control District



Boondoks and Commercial Area

Weighted | Values - Developed Values

Soit Types Bresser Sandy Loam and Sampson Loam
All Hydrologic Group B
6/04/15
Typical | Values Imperviousness
Building roof 90
Parking Lots, Walks 90
Landscaping 5
Basin Building Roof  Parking Lots, Walks Landscape Total Area Weighted Total Area
Number {sh {sf) {sh (s imperviousness (ac)
A1 0 2500 33500 36000 11 0.50
A2 2000 16250 37250 55500 33 1.27
A3 17500 30000 52250 99750 45 2.29
A4 8000 10000 3250 21250 77 0.49
A5 1000 11500 0 12500 90 0.29
A6 8000 25250 0 33250 90 0.76
A7 0 10750 0 10750 90 0.25
A8 11500 6750 6750 25000 67 057
A9 35000 3000 3000 41000 84 0.94
A.10 1000 2500 2750 6250 53 0.14
A1 0 7750 8250 16000 46 0.37
A12 9650 17000 0 26650 90 0.61
A13 9000 16500 0 25500 20 0.59
A14 0 7750 3500 11250 64 0.26
A15 3000 14500 2500 20000 79 0.46
A.16 0 8000 0 8000 80 0.18
A7 0 10750 0 10750 90 0.25
A.18 0 24000 0 24000 90 0.55
A.19 0 17500 0 17500 90 0.40
A20 2750 16250 0 19000 90 0.44
A21 3250 48250 0 51500 90 1.18
B.1 3800 4450 15500 23850 35 0.55
B.2 7000 31600 17500 56100 63 1.29
B.3 3500 25500 3000 32000 82 0.73
B.4 0 1@ 137_52 31000 52 0.71___'
Total Basins 126050 385550 202750 714350 66 16.07



DRAINAGE CRITERIA MANUAL (V. 1)

Table RO-5— Runoff Coefficients, C

RUNOFF

Percentage
Imperviousness Type C and D NRCS Hydrologic Soil Groups
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr

0% 0.04 0.15 0.25 0.37 0.44 0.50

5% 0.08 0.18 0.28 0.39 0.46 0.52
10% 0.11 0.21 0.30 0.41 0.47 0.53
15% 0.14 0.24 0.32 0.43 0.49 0.54
20% 0.17 0.26 0.34 0.44 0.50 0.55
25% 0.20 0.28 0.36 0.46 0.51 0.56
30% 0.22 0.30 0.38 0.47 0.52 0.57
35% 0.25 0.33 0.40 0.48 0.53 0.57
40% 0.28 0.35 0.42 0.50 0.54 0.58
45% 0.31 0.37 0.44 0.51 0.55 0.59
50% 0.34 0.40 0.46 0.53 0.57 0.60
55% 0.37 0.43 0.48 0.55 0.58 0.62
60% 0.41 0.46 0.51 0.57 0.60 0.63
65% 0.45 0.49 0.54 0.59 0.62 0.65
70% 0.49 0.53 0.57 0.62 0.65 0.68
75% 0.54 0.58 0.62 0.66 0.68 0.71
80% 0.60 0.63 0.66 0.70 0.72 0.74
85% 0.66 0.68 0.71 0.75 0.77 0.79
90% 0.73 0.75 0.77 0.80 0.82 0.83 °
95% 0.80 . 0.82 - 0.84 . 0.87 , 0.88 0.89"
100% 0.89 0.90 0.92 _, 0.94 . 0.95 0.96 -

TyPE B NRCS HYDROLOGIC SOILS GROUP

0% 0.02 0.08 0.15 0.25 0.30 0.35

5% 0.04 0.10 0.19 0.28 0.33 0.38
10% 0.06 0.14 0.22 0.31 0.36 0.40
15% 0.08 0.17 0.25 0.33 0.38 0.42
20% 0.12 0.20 0.27 0.35 0.40 0.44
25% 0.15 0.22 0.30 0.37 0.41 0.46
30% 0.18 0.25 0.32 0.39 0.43 0.47
35% 0.20 0.27 0.34 0.41 0.44 0.48
40% 0.23 0.30 0.36 0.42 0.46 0.50
45% 0.26 0.32 0.38 0.44 0.48 0.51
50% 0.29 0.35 0.40 0.46 0.49 0.52
55% 0.33 0.38 0.43 0.48 0.51 0.54
60% 0.37 0.41 0.46 0.51 0.54 0.56
65% 0.41 0.45 0.49 0.54 0.57 0.59
70% 0.45 0.49 0.53 0.58 0.60 0.62
75% 0.51 0.54 0.58 0.62 0.64 0.66
80% 0.57 0.59 0.63 0.66 0.68 0.70
85% 0.63 0.66 0.69 0.72 0.73 0.75
90% 0.71 0.73 0.75 0.78 0.80 0.81
95% 0.79 0.81 0.83 0.85 0.87 0.88
100% 0.89 0.90 0.92 0.94 0.95 0.96

2007-01

Urban Drainage and Flood Control District
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RUNOFF DRAINAGE CRITERIA MANUAL (V. 1)
TABLE RO-5 (Continued)}—Runoff Coefficients, C
Im‘:ee:‘\’,ie;‘lfggzss Type A NRCS Hydrologic Soils Group
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr

0% 0.00 0.00 0.05 0.12 0.16 0.20

5% 0.00 0.02 0.10 0.16 0.20 0.24
10% 0.00 0.06 0.14 0.20 0.24 0.28
15% 0.02 0.10 0.17 0.23 0.27 0.30
20% 0.06 0.13 0.20 0.26 0.30 0.33
25% 0.09 0.16 0.23 0.29 0.32 0.35
30% 0.13 0.19 0.25 0.31 0.34 0.37
35% 0.16 0.22 0.28 0.33 0.36 0.39
40% 0.19 0.25 0.30 0.35 0.38 0.41
45% 0.22 0.27 0.33 0.37 0.40 0.43
50% 0.25 0.30 0.35 0.40 0.42 0.45
55% 0.29 0.33 0.38 0.42 0.45 0.47
60% 0.33 0.37 0.41 0.45 0.47 0.50
65% 0.37 0.41 0.45 0.49 0.51 0.53
70% 0.42 0.45 0.49 0.53 0.54 0.56
75% 0.47 0.50 0.54 0.57 0.59 0.61
80% 0.54 0.56 0.60 0.63 0.64 0.66
85% 0.61 0.63 0.66 0.69 0.70 0.72
90% 0.69 0.71 0.73 0.76 0.77 0.79
95% 0.78 0.80 0.82 0.84 0.85 0.86
100% 0.89 0.90 0.92 0.94 0.95 0.96

RO-12

2007-01

Urban Drainage and Flood Control District

8. 4



Boondocks & Commercial

£/04/15
Weighted C Values
Soil Types Bresser Sandy Loam and Sampson Loam
All Hydrologic Group B
Basin Total Area Percent 5 year 100 year
Number (ac) Imperviousness
A1 0.50 11 0.14 0.40
A2 1.27 33 0.26 0.48
A3 229 45 0.32 0.51
A4 049 77 0.56 0.68
A5 029 90 0.73 0.81
A6 0.76 90 0.73 0.81
A7 0.25 a0 0.73 0.81
A8 0.57 67 0.47 0.60
A9 0.94 84 0.64 0.74
A.10 0.14 53 0.37 053
A1 037 46 0.32 0.51
A12 061 90 0.73 0.81
AA13 D59 80 0.73 0.81
A14 0.26 64 0.45 0.63
A.15 0.46 79 0.44 0.59
A.16 0.18 a0 0.73 0.81
A7 025 a0 0.73 0.81
A18 0.55 90 0.73 0.81
A19 0.40 90 0.73 0.81
A20 0.44 90 0.73 0.81
A1 1.18 90 073 0.81
B.1 0.55 36 0.28 0.48
B.2 1.29 64 0.45 0.63
B3 0.73 82 0.45 0.63
B.4 071 52 0.36 0.53

Total 16.07
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RUNOFF

DRAINAGE CRITERIA MANUAL (V. 1)

VELOCITY

50

o (=4 0 ™ N
Y -

AN3OH3d NI IdOTS ISHNOJHILYM

IN FEET PER SECOND

Figure RO-1—Estimate of Average Overland Flow Velocity for Use With the Rational Formula

RO-13

Urban Drainage and Flood Control District

2007-01

8.7



TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

TABLE 5.1
ONE-HOUR POINT RAINFALL
Frequency of Design One-hour Point
Event Rainfall, P,

() (in)

2 0.99

5 1.39

10 1.64

25 1.98

50 2.31
100 2.60

5.3 FLOOD HYDROLOGY OVERVIEW

Various methods exist to determine appropriate flood peaks or hydrographs for storm drainage
planning and design. Methods for determining flood peaks or hydrographs are the Rational Method,
the Colorado Urban Hydrograph Procedure (CUHP), and Urban Drainage Stormwater Management
(UDSWM) model. The Town of Parker discourages the use of computer models other than CUHP and
UDSWM since these programs are preferred, if not required, by UDFCD for studies involving major
drainageways where UDFCD approval is sought or where maintenance eligibility is requested.

The three methods are briefly described in this section, and a discussion of their applicability to the
Town of Parker is discussed. UDSWM is mostly used to combine and route the hydrographs generated
using CUHP.

In general, the Rational Method is the most widely used and accepted technique for determining peak
flows in urban areas for small basins. Within the constraints outlined in the MANUAL, use of the
Rational Method provides a relatively simple but effective way to analyze storm runoff.

CUHP is somewhat more complicated than the Rational Method. It allows a manual computation of a
runoff hydrograph which may be used for further hydraulic routing through channels and/or detention
ponds. Historically, CUHP is best used in urban areas for which runoff coefficients have been derived.
However, recent improvements by UDFCD include consideration for different soil types, thus CUHP
is now more applicable to rural areas. The reader is referred to UDFCD for the latest version of
CUHP.

UDSWM is a computer model that generates runoff hydrographs and routes and combines these
hydrographs. UDSWM is a modified version of the Runoff Block of the Environmental Protection
Agency’s Storm Water Management Model (SWMM). It has been modified to be used in conjunction
with CUHP. Table 5.2 herein provides guidance on selecting the appropriate method for a given
project.

SECTION 5. HYDROLOGIC CRITERIA 5-2 2014

o3



TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

Intensity, Duration, Frequency
Parker, Colorado
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FIGURE 5.1
RAINFALL INTENSITY VERSUS DURATION CURVES FOR PARKER, COLORADO
SECTION 5. HYDROLOGIC CRITERIA 5-5 2014
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APPENDIX C

Inlet Calculations




TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
AREA (TYPE C) INLET

Type C Inlet - Standard Grate
12 / "

10 =
/ /- o

Flow Depth (in)
[«
\“
‘\‘

0 10 20 30 40 50 60

intet Capacity (cfs)

Type C Inlet - Close Mesh Grate

12 / —
o // / /
= R . .') - Sl
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§ // e
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4 ln éf}":x
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N S L&W’;ﬁ
\ @& .
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Inlet Capacity (cfs)
——
wleh AL
One Grate —— TWO Grates Three Grates

Note:
1. The Town of Parker standard inlet parameters must apply to use these charts. See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS

AREA (TYPE C) INLET
Type C Inlet - Standard Grate
12 7 . S -
10 4 /
, / . ",;,——" .
E s -
g "’_,"
o o
a
3 T
2 ]
4
2
o |
[¢] 10 20 30 40 50 60
inlet Capacity (cfs)
Type C Inlet - Close Mesh Grate
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o e
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2 s 4,0k
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0 5 10 15 20 25 30 35 40 45
Inlet Capacity {cfs)
aley 2
Cf)ne Grate e TW0 Grates Three Grates

Note:
1. The Town of Parker standard inlet parameters must apply to use Mghese s. See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
AREA (TYPE C) INLET

Type C Inlet - Standard Grate
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Inlet Capacity (cfs)
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Inlet Capacity (cfs)
: wl cwfk‘?‘” 3)
(i)ne Grate e Two Grates Three Grates

Note:
1. The Town of Parker standard inlet paramcters m 6%“)1}' to use these charts. See the Roadway Manual,
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS

CURB OPENING (TYPE R) INLET
Type R inlet
12 : 7 7 j
0l e /,, [ P ",/ 5 = ;
) ,/ L i T
: s [ LA
= L 1/ / RN e BN
a . ot - -
[ y Lo
[a] 6
/- o Sl I ]
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Inlet Capacity (cfs)
§' Inlet 10 Inlet 15’ Inlet
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Note:
1. The Town of Parker standard inlet parameters must apply to use this chart. See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET

Type R Inlet
12 T 7 -
o T y A N N RN -
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10 1/ 1 P g
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Intet Capacity (cfs)
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Note:
1. The Town of Parker standard inlet parameters must apply to use this chart. See the Roadway Manual,
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET

Type R Inlet
12— A IRV S N A C y ARSI N R AN
- : Lol » -
10 / R s i o A
i / / i . ,7_/. -
g =8 i - = - -
£ e T SRR o P
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Inlet Capacity (cfs)
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Note:
1. The Town of Parker standard inlet parameters must apply to use this chart. See the Roadway Manual.
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TOWN OF PARKER

STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET

Type R Inlet
12 T
10— — I/ - " -
- A et
- I/ O - "I e T e —
E 8 AT T =
£ - Ry ANy i A
& i e
Q 6 W
% - ,,?tn .
w /_',’, i _ R
10 15 20 25 30 35 40 45
Intet Capacity (cfs)
§' Inlet e 10’ Inlet 15’ Infet
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Do @ o35 =305

Note:

1. The Town of Parker standard inlet parameters must apply to use this chart. See the Roadway Manual.



TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET

Type R Inlet
12 . , .
10 e ,/ ” Lo ” ;
I/ 4’/ A
z 8
= " [+
£ A AT
a 6 b4 > .,
e ; 1
4 i
yi{IEEEINE i
0 5 10 15 20 25 30 35 40 45
Inlet Capacity (cfs)
¢ =3
Zuleh 8
5’ Inlet 10’ Inlet 15’ Inlet
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~ Y
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Note:
1. The Town of Parker standard inlet parameters must apply to use this chart, See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET

Type R inlet
12 T ; 7 T T
u / B B A =
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Note:
1. The Town of Parker standard inlet parameters must apply to use this chart. See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS

CURB OPENING (TYPE R) INLET
Type R inlet
LR I USSR R 41 T 17 T
B I - / - -"',
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i i s e -
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§ R //r L =
[a} 6 =
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0 5 10 15 20 25 30 35 40 45
Intet Capacity (cfs)
5 Inlet e 10" Inlet 15’ Inlet
et VO
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Note:
1. The Town of Parker standard inlet parameters must apply to use this chart, See the Roadway Manual.
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STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

TOWN OF PARKER
INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET
Type R inlet
12 7T y T ‘
10 : / B e i
/ ! e

£ 8 / A —
< A A |
1] /‘ =g :
% s V. ,v : .
r 4 A , _ o

4 4 b
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0 ! ‘ H i
0 5 10 15 20 25 30 35 40 45
Intet Capacity (cfs)
5' Inlet 10’ Inlet 15 Inlet
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T et V2
5\_,\v«w 2.\ QWQS» C:\. 3/ v
\OO y = A PPN SN
Note:

1. The Town of Parker standard inlet parameters must apply to use this chart. See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL
INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET
Type R inlet
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T et 13
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Note i

J

. The Town of Parker stand:]L'd inlet parameters must apply to use this chart. See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET

Type R Inlet
2 < e et e e Rt o ”
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‘ // . } e
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T
c . e
£
[
o 6
3 _ b .
w
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) L
o 5
0 5 10 15 20 25 30 35 40 45
Inlet Capacity (cfs)
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e s n e Al

Dor BT da

§' inlet

Note:

1. The Town of Parker standard inlet parameters must apply to use this chart. See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS

CURB OPENING (TYPE R) INLET
Type R Inlet
€
£
o
a8 i
= 4
e
o L ,_ : : .
o 5 10 15 20 25 30 a5 40 45
Inet Capacity (cfs)
Tole b VG
—— G lnlet 10" Inlet 15" inlet
) 1, 174
@ =15 oCs;dﬁ ’)\/4:
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{0 ’
i
I
Note: | i
1. The Town of Parker md+d inlet parameters must apply to use this chart. See the Roadway Manual.
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TOWN OF PARKER STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS
CURB OPENING (TYPE R) INLET

Type R Infet {

Flow Depth ()

o s 10 15 20 25 30 35 40 45

Iniet Capecily (cis)
T e V7
5 Inlet 10" Inlet 45’ Inlet

Note: 3
1. The Town of Parker stand%rd inlet parameters must apply to use this chart. See the Roadway Manual.
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TOWN OF PARKER

STORM DRAINAGE AND ENVIRONMENTAL CRITERIA MANUAL

INLET CAPACITY CHART SUMP CONDITIONS

CURB OPENING (TYPE R) INLET
Type R Infet
12 s
w0l v o S
-‘g. - . / /’/’ -
a8 6 -
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o s 10 15 20 25 30 35 40 45
inlet Gapacily (cfs)
Exishie e Vo' w\°J‘\
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d 105 indaes

1. The Town of Parker stan inlet parameters must apply to use this chart. See the Roadway Manual.
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I ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Major & Minor Storm) I
(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project: Boondocks - Cottonwood Dr.
Inlet ID: street capacity calculations with Merrick calculations for Cottonwood Only
/I/_M*TBACK Terowr A
SBA?;;“ fA'i” T, Twax ————/L /‘

b W — T,
S A N X g Street
T Crown
1
|

Maximum Allowable Width for Spread Behind Curb Teack = 5.0|ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.0200|ft. vert. / ft. horiz
Manning's Roughness Behind Curb Npack = 0.0300
Height of Curb at Gutter Flow Line Hcurs = 6.00{inches
Distance from Curb Face to Street Crown Tcrown = 30.0]ft
Gutter Depression a= 2.00}inches
Gutter Width W= 2.00)ft
Street Transverse Slope Sy = 0.0200{ft. vert. / ft. horiz
Street Longitudinal Slope - Enter 0 for sump condition So = 0.0125|ft. vert. / ft. horiz
Manning's Roughness for Street Section NSTREET = 0.0200

Minor Storm _Major Storm
Max. Allowable Water Spread for Minor & Major Storm Tuax = 30.0 30.0|ft
Max. Allowable Depth at Gutter Flow Line for Minor & Major Storm duax = ~ 510 6.20]inches
Allow Flow Depth at Street Crown (leave blank for no) X=yes
Maximum Gutter Capacity Based On Allowable Water Spread Minor Storm _Major Storm
Gutter Cross Slope (Eq. ST-8) Sw = 0.1033 0.1033|ft/ft
Water Depth without Gutter Depression (Eq. ST-2) y= 7.20 7.20|inches
Water Depth with a Gutter Depression d= 9.20 9.20]inches
Allowable Spread for Discharge outside the Gutter Section W (T - W) Tx= 28.0 28.0|ft
Gutter Flow to Design Flow Ratio by FHWA HEC-22 method (Eq. ST-7) Eo = 0.202 0.202
Discharge outside the Gutter Section W, carried in Section Tx Qx = 33.3 33.3|cfs
Discharge within the Gutter Section W (Qr - Qx) Qu = 8.5 8.5|cfs
Discharge Behind the Curb (e.g., sidewalk, driveways, & lawns) Qgack = 2.2 2.2|cfs
Maximum Flow Based On Allowable Water Spread Qr= 44.0 44.0|cfs
Flow Velocity Within the Gutter Section = 6.4 6.4|fps
\V*d Product: Flow Velocity Times Gutter Flowline Depth V*d = 4.9 4.9
IMaximum Gutter Capacity Based on Allowable Gutter Depth Minor Storm _Major Storm
Theoretical Water Spread T = 12.9 17.5]ft
Theoretical Spread for Discharge outside the Gutter Section W (T - W) Txth= 10.9 15.5]ft
Gutter Flow to Design Flow Ratio by FHWA HEC-22 method (Eq. ST-7) Eo = 0.487 0.360
Theoretical Discharge outside the Gutter Section W, carried in Section Tx Q1 = 2.7 6.9|cfs
Actual Discharge outside the Gutter Section W, (limited by distance Tcrown) Qx = 2.7 6.9|cfs
Discharge within the Gutter Section W (Qq - Qx) Quw = 2.6 3.9|cfs
Discharge Behind the Curb (e.g., sidewalk, driveways, & lawns) Qpack = 0.0 0.0|cfs
Total Discharge for Major & Minor Storm Q= 5.3 10.8|cfs
Flow Velocity Within the Gutter Section V= 4.0 4.7|fps
\V*d Product: Flow Velocity Times Gutter Flowline Depth Vi = 1.7 2.4
Slope-Based Depth Safety Reduction Factor for Major & Minor (d > 6") Storm R= 1.00 1.00
Max Flow Based on Allow. Gutter Depth (Safety Factor Applied) Q= 5.3 10.8|cfs
Resultant Flow Depth at Gutter Flowline (Safety Factor Applied) d= 5.10 6.20(inches
Resultant Flow Depth at Street Crown (Safety Factor Applied) dcrown = 0.00 0.00]inches

Minor Storm Major Storm

Quiow =| 5.3 10.8|cfs
Sttreet capacity without Boondocks, Q-Allow 6/4/2015, 3:36 PM
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I ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Major & Minor Storm) I
(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project: Boondocks - Cottonwood Dr.
Inlet ID: street capacity calculations with Boondocks
/h—'iTﬂ,ﬁK\ /-—~/' - T, Tuwax ’TCROWN I/’ ;Ll

. Tx /
/l Street
!: Crown

Maximum Allowable Width for Spread Behind Curb Teack = 5.0{ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Sgack = 0.0200|ft. vert. / ft. horiz
Manning's Roughness Behind Curb Npack = 0.0300
Height of Curb at Gutter Flow Line Heurs = 6.00}inches
Distance from Curb Face to Street Crown Terown = 30.0|ft
Gutter Depression a= 2.00finches
Gutter Width W= 2.00]ft
Street Transverse Slope Sy = 0.0200}ft. vert. / ft. horiz
Street Longitudinal Slope - Enter 0 for sump condition So = 0.0125|ft. vert. / ft. horiz
Manning's Roughness for Street Section NgTREET = 0.0200
Minor Storm _Major Storm
Max. Allowable Water Spread for Minor & Major Storm Tuax = 30.0 30.0{ft
Max. Allowable Depth at Gutter Flow Line for Minor & Major Storm dyax = 5.65 6.95)inches
Allow Flow Depth at Street Crown (leave blank for no) X=yes
Maximum Gutter Capacity Based On Allowable Water Spread Minor Storm _Major Storm
Gutter Cross Slope (Eq. ST-8) Sw = 0.1033 0.1033|ft/ft
liwater Depth without Gutter Depression (Eq. ST-2) y= 7.20 7.20(inches
Water Depth with a Gutter Depression = 9.20 9.20]inches
Allowable Spread for Discharge outside the Gutter Section W (T - W) Tx= 28.0 28.0}ft
Gutter Flow to Design Flow Ratio by FHWA HEC-22 method (Eq. ST-7) Eo= 0.202 0.202
Discharge outside the Gutter Section W, carried in Section Tx Qx = 33.3 33.3|cfs
Discharge within the Gutter Section W (Qy - Qx) Quw = 8.5 8.5|cfs
Discharge Behind the Curb (e.g., sidewalk, driveways, & lawns) Qpack = 2.2 2.2|cfs
Maximum Flow Based On Allowable Water Spread Q= 44.0 44.0|cfs
Flow Velocity Within the Gutter Section V= 6.4 6.4|fps
\V*d Product: Flow Velocity Times Gutter Flowline Depth VHd = 4.9 4.9
Maximum Gutter Capacity Based on Allowable Gutter Depth Minor Storm Major Storm
Theoretical Water Spread T = 15.2 20.6|ft
Theoretical Spread for Discharge outside the Gutter Section W (T - W) Ty = 13.2 18.6]ft
Gutter Flow to Design Flow Ratio by FHWA HEC-22 method (Eq. ST-7) Eo= 0.415 0.303
Theoretical Discharge outside the Gutter Section W, carried in Section Ty ry Qx = 4.5 11.2|cfs
Actual Discharge outside the Gutter Section W, (limited by distance Tcrown) Qx = 4.5 11.2|cfs
Discharge within the Gutter Section W (Qq - Qx) Qw = 3.2 4.9|cfs
Discharge Behind the Curb (e.g., sidewalk, driveways, & lawns) Qpack = 0.0 0.1|cfs
Total Discharge for Major & Minor Storm Q= 7.7 16.2|cfs
Flow Velocity Within the Gutter Section V= 4.3 5.1}fps
\/*d Product: Flow Velocity Times Gutter Flowline Depth Vi = 2.0 3.0
Slope-Based Depth Safety Reduction Factor for Major & Minor (d > 6") Storm R= 1.00 1.00
Max Flow Based on Allow. Gutter Depth (Safety Factor Applied) Q= 7.7 16.3|cfs
Resultant Flow Depth at Gutter Flowline (Safety Factor Applied) d= 5.65 6.95(inches
Resultant Flow Depth at Street Crown (Safety Factor Applied) decrown = 0.00 0.00}inches
Minor Storm _Major Storm
Max. Allowable Gutter Capacity Based on Minimum of Qy or Qutow =| 7.7| 16.3|cfs
Sttreet capacity with Boondocks, Q-Allow 6/4/2015, 4:15 PM
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APPENDIX D

Storm Sewer Hydraulic Calculations



S'El = sdIS/OGL + 2'Th = oAl + (€] dQ) 91 3596uU0Y = o)

o £e

6L vy
£9 = sdig/ch + 0'0 = [PAed + (G| da) oL 1sebuoT = o)
- 4>
1'Z7) = sdje/oo) + 2Tl = [9Ae + (Z) () 2L 1s9buoy =3,
Ze g¢

2Tl = SAiE/0zL + S'LL = 1Prel + (L) 4@) 9L 18ebuoT = 0L

S'1} = 8die/agl + 90 = [9ARY + (O1 9@ 9L 1896U0Y = 9],

L€ 9¢

€6'1

144¢]

eyl

6l

POl

gel

€6'L=6¥' L+ pr'0= (2l dQ + G} dQ)OV = OV wng

€9

yr'0=(Gl dQ)OV = OV wng
22

6yl =(2l dQ)OV = Dy wng
e

6L =Gp'0+ 0L = (2hdQ + L1 dQ)OV = OV Wing

Sl

p0'L = ZL'0 +26'0 = (11dA + 0} dA)OV = OV WS

91 0} ¢ woi} adid

£1 03 G} woJy adid

€1 03 1 wol} adid

Z1 03 1} wouj adid

Z1 0} 1| wioay adid

ve L€ 60 90k
9'0L = sdje/Sy + €04 = 19Ae] + (6 dQ) 9L 1806U0Y = 0L Z60 =500+ /8'0=(0LdQ + 6dQ)OV = OV WNS || 03 O} wioJj adid

zZe¢ Lt /80 €Ol
€0l = (5dq)oLisabuo =9l 180=(6da-240)0V=0vVWng o} 0 g woy adid
0l ¢e LT ¢evl waoys Buisixa oju) mold @0l
eyl =sd} g/8ch + 6L = 19AR + (Z 4q) 9L 188buUOT = 0L 21'2=(9d0- ) d@)OV = OV Wns 9 ybnoa | da

Jjouniieeh g
sujseg padojpasq
S5 | Jgul | (uns) | uiw s |yt t | "4300 Tlexe) | NOISEd ANIOd
SININNOD o | IV«2]| 9 O T IVeD | 91 [d4JONNY]| vIuY vady NOISZQ  |.L3ZLS
41ONNY TVLOL 3JON Ny 1O034id

68l =1 leak g uuolg ubiseQ 98/ 0v(oW0L)I(1dS'82) = | pesirey
Kpsdoud [eroJsting g syoopuoog o8foid 102/ eq
ehe-cl “wnu qop W3M Aq pejejnojed

(3¥Na300¥d AOHLIN TYNOILYY)
NOIS3A WILSAS IOVNIVHA NNOLS




2'GL = SAIETY + G'SL = [aARs + (82) d@) 9L 1s96U0T = 2L

80l

e

og'e LS

0S'€=822+220= (8L 0181da+ 9.l 0}Vl JA)OV = OV WnS

dDy .2¥ buiisixa 0} mold =01

Ze S¥ 20 6%
6'G = sdig/colL + £ = 19Aey + (81 d@) 21 1s8buo = 31 Z.0=000+260=(81d0 + 6L JA)DVY = DV WNS  g.| 0} g} Wouy adid
gL ©oF 20 ¢€§
€6 = 8dJe/SG + § = 19ARY + (61 J@) 9L 38ebuUoT = 0L 20 = (6l dQ)OV = O¥ Wing 81 03 61 woy} adid
g8 Ve 81T &St
56l =sdig/agl + 9'PL = [oARN + (V.1 dQ) 91 189BU0T = 0L 8Z7=0072 +840=(1dd + V.l dQ)OV = OV WNS g2} 03 Y| Wiy adid
g0 9% 8L0 ¢£¢
£'G = SdJg/GG + G = |oAe) + (£ dC) 9L s3bBuo =04 810 = (Z dQ)ov = DY Wng V.1 03 L wioy adid
€g ¢ 09Z 9
9yl =sdig/oL + T = [9ARY + (L] d@) 9L 3seBuCY = 0] 092=280+822=(8L 40+ 9L OOV =DV WNS YL} 0) L woJj adid
v. TE eTZ T
Zv) = sAI/OEL + G'EL = 1oARY + (G 4@ 9L 188BU0Y =0 92T =5680+¢56'1 = {91 d0 + €L dQ)OV = DV Wng 11 03 91 wou} adid
Jounl lesh g
sujseg padojeaaq
sjo | Jymy | (wns) | “liw 8j0 Syt uw ] 4300 | (e1or) | NOISaq INIOd
SININNOD [3) I (V2| 9 ) 1T V0| a1 [J<ONNY|wady | vy NDISZa  |133HLS
34ONNY TVLOL 440NNy L23MIa
el =1 Jeak ¢ wuoyg ubiseQ 982 0v(oM0L)IdS'82) = | pasirsy
Kuedoly [erolewiwo) 3 SHO0pUCOg ypsfoid vL/20IL) aed
epe-cl "wnu gor LEL Aq perejnofe)

DU] 'S991AI9% bulioauibug a3

(3YNA300¥d GOHLIN TYNOLLYY)
NOIS3d WALSAS FOVYNIVEA WHOLS




g€l

\

79 ez gt

G'el = SAJg/OG) + £L'2) = [oneny + (E] () 9L 1sabuoy =01 ZZ2 =8l L +¥v0=(Zl da+ Sl dQ)OV =DV WNS g| 0} g} o} adig
g¢ €8 w0 €9

€9 = sdig/oy + 09 = 19A84) + (G1 d(f) 0L 3s9buo = o) ¥P’0= (Gl dQ)OV =0V Wng ¢} 0} g} Wou} adid
¥l v9 elL ok

2'T) = SAIE/00L + T2 = 1oAel) + (2 4@) 2L 1s96U0Y = o), 821 =(ZL dQ)OV =0V WNS ¢} 0) Z| Wodj adid
gLl g9 8Ll T

22l =sdig/ozL + G'LL = [9AR) + (L} da) 9L 1sebuot = 9] 8.1 =6v0+08L =(Zhdd + L1 d@)OV =0V WNS  Z4 03 L1 wodj adld
g8 99 08l Gl

6’11 = sd)E/eGL + 901 = AL + (01 dC) 2L 1890U0Y = 3], 0L =610+ 41} ={11dd + 0L d@)DV = O¥ Wng | 0} L} woJ} adid
9L 69 LI'L 90

90l = sAjg/Sh + €01 = |9ned} + (6 JQ) 0L 1806U0Y = 0L L' =200 + 0L = (01dQ + 6 dQ)OV = OV WNS | 0} g wios} adid
zZL 0L 0L €0l

€0l = (5dQ) oL sebuo =90l y0'L = (6dQ-8dQ)OV = OV WNS 0L 03 g Wodj adid

16l 09 9Lt ¢£¥l uuoys Bujpisixo ojup mold jejol

£ =S} £/6Eh + 6'LL = [PARY + (Z d(1) 01 18aBu0 = 01 9L'e = (9.dd - | dQ)OV = OV wng 9 ybnoayi | da

Journd Jesh 0ol
su|seq padojaaq
Sjo ] Jyui | (wns) | ulw s | Wl Uil ] 9300 ] Go8) | Noisaa INIOd
SLININWOD 0 I {v«21l 9 0 I [VeD | 9 ]44ONNY| vany T ET Noisad |133491S
mmozzm4<koh 440NN LO3MI]

9z =| Jeok gp1 wlolg ubiseQ 982 Ov(oM0LIAIdG'8T) = | pesirey

fyiedold [elolewiLing g soopuoog yosfoid ¥102/2/4L ajeq

eve-cl "wnu gof WIm Aq pajenoled

*ouj "s9%IAlOS buliaaul

(3¥NA300Yd AOHLIN TYNOILYY)
NOISIA WILSAS IOVNIVYA NNOLS

3 Q8NN

-
=2
» P



26l =sdigfzy + §'GlL = oAl + (821 4Q) 9L 1sdBuoT =01 €1z 8% 89¢ Lol

89'C = 00'E + 89°0 = (821 0} 81dQ + 9.1 O} V.l JQ)OV = OV Wng
dOd .Z¥ bunsixa 03 Mo [ejol

L'g ¥8 890 6%

6'G = sdig/G0L + €'G = [9AR + (8L d@) 91 3sabuo) = oL 89°0=2c0+9£0=(8ldd + 6L dQ)OV = OVWNG gz} 0} gl Wy adid
L'e L8 9€0 €9
£6 = 8dJe/G6 + G = 19AR] + (6} da) 91 183BUOT = oL 9€'0 = (61 dQ)OV = OV Wng 81 03 g1 Woy adid
viL 96 aoe g6l
oGl =sdie/RgL + 97l = 19ARY + (V21 dQ) 91 1896U07 = oL 00'€ = 082 + 02°0 = (£1d0 + VL dA)OV = DY WNS  §2} 03 Y21 Wody adid
LV L8 020 €%
£'g = sdjg/SG + G = |oAel + (2 d@) oL 1sebuon = 0L 020 = (L dQ)OV =DV UWNS Y.} 0} L Wo4 adid
L9l 09 08z 9
vl =SAiE/oL + TYL = 19ARl + (L} d)) L8880} = 0) 08'Z=280+852=(8Ld0+ 9L dQ)OV =DV WNS  y.i} 03 Ll wol sdid
ggl 1’9 162 THL
T = SAIE/0EL + G = 1PARY + (G @) 9L 3880U0Y = 3] 16Z=680+22Z=(9l d0 + €1 4Q)2V = DV Wng L1 03 g} woJy adid
Jounu Jesk 00|
sujseg padojaaeQ
E N NI N T O T 14900 | (ewoe) | NOISIg L INOd L ]
SINIWNOD [%) T [VeD]| 9 ) I VD] 91 [2<O0NNd|vany | vady NDISHa | L33LS
J4ONNH TV.LOL JJONNY LO3¥Ig |
9T =I Jesf oo} wiols ubiseQ 982 0v(oHOLNIdG'8Z) = | pesirey
Apiadold [efossLuwo) B so0puUcog yeloid viIL0/LL sjeq
eve-cl "wnu gor W3IMm kq peyeinojed

(3¥NA300¥d AOHLIAW TYNOILYY)
NDIS3d WILSAS FOVYNIVHA NHOLS




Circular Pipe Flow

Project: Boondocks
Pipe ID: DP 8 to DP 9

DP 8-9, Pipe

Pipe Invert Slope So= 0.0068 ft/ft
Pipe Manning's n-value = 0.0130
Pipe Diameter D= 18.00 inches
Design discharge Q= 7.2 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf= 4.71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 8.7 cfs
Calculation of Normal Flow Condition

Half Central Angle (0<Theta<3.14) Theta = 1.97 rad
Flow area An = 1.31 sq ft
Top width Tn= 1.38 ft
\Wetted perimeter Pn = 2.96 ft
Flow depth Yn = 1.04 ft
Flow velocity Vn = 5.49 fps
Discharge Qn= 7.2 cfs
Normal Depth Froude Number Fr, = 0.99
Calculation of Critical Flow Condition

Half Central Angle (0<Theta-c<3.14) Theta-c = 1.97 rad
Critical flow area Ac = 1.31 sq ft
Critical top width Tc= 1.38 ft
Critical flow depth Yc= 1.04 ft
Critical flow velocity Ve = 5.51 fps
Critical Depth Froude Number Fre = 1.00

™~ =
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11/10/2014, 2:44 PM



Circular Pipe Flow

Project: Boondocks
Pipe ID: DP 9 to DP 10

"l-'

0.0068 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D= 18.00 inches
Design discharge Q= 7.2 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf= 4.71 ft
Half Central Angle "~ Theta = 3.14 rad
Full-flow capacity Qf = 8.7 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 1.97 rad
Flow area An = 1.31 sq ft
Top width Tn= 1.38 ft
Wetted perimeter Pn = 2.96 ft
Flow depth Yn = 1.04 ft
Flow velocity Vn = 5.49 fps
Discharge Qn= 7.2 cfs
Normal Depth Froude Number Fr, = 0.99
Calculation of Critical Flow Condition
Half Central Angle (O<Theta-c<3.14) Theta-c = 1.97 rad
Critical flow area Ac = 1.31 sq ft
Critical top width Tec= 1.38 ft
Critical flow depth Yc= 1.04 ft
Critical flow velocity Ve = 5.51 fps
Critical Depth Froude Number Fre = 1.00

™
|

DP 9 - 10, Pipe 11/10/2014, 2:44 PM
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Circular Pipe Flow

Project:
Pipe ID:

Boondocks

DP 10 to DP 11

DP 10-11, Pipe

0.0068 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D 18.00 inches
Design discharge Q= 7.6 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4.71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 8.7 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 2.04 rad
Flow area An = 1.37 sq ft
Top width Tn= 1.34 ft
Wetted perimeter Pn= 3.06 ft
Flow depth Yn = 1.09 ft
Flow velocity Vn = 5.54 fps
Discharge Qn = 7.6 cfs
Normal Depth Froude Number Fr,= 0.97
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.01 rad
Critical flow area Ac = 1.35 sq ft
Critical top width Tc= 1.36 ft
Critical flow depth Yc= 1.07 ft
Critical flow velocity Ve = 5.65 fps
Critical Depth Froude Number Fre = 1.00

-

11/10/2014, 2:44 P
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Circular Pipe Flow

Project: Boondocks

Pipe ID: DP 11 to DP 12

4
W

Pipe Invert Slope So = 0.0068 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D= 18.00 inches
Design discharge Q= 8.6 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4.71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 8.7 cfs
Calculation of Normal Flow Condition

Half Central Angle (0<Theta<3.14) Theta = 2.24 rad
Flow area An= 1.54 sq ft
Top width Tn= 1.17 ft
Wetted perimeter Pn = 3.36 ft
Flow depth Yn= 1.22 ft
Flow velocity Vn = 5.60 fps
Discharge Qn = 8.6 cfs
Normal Depth Froude Number Fro,= 0.86
Calculation of Critical Flow Condition

Half Central Angle (0<Theta-c<3.14) Theta-c = 2.11 rad
Critical flow area Ac = 1.44 sq ft
Critical top width Tc= 1.29 ft
Critical flow depth Yc= 1.14 ft
Critical flow velocity Ve = 5.99 fps
Critical Depth Froude Number Fre = 1.00

DP 11-12, Pipe

N

11/10/2014, 2:45 PM
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Circular Pipe Flow

Project: Boondocks
Pipe ID: DP 11 to DP 12A

"ln'
0.0160 ft/ft

Pipe Manning's n-value n= 0.0130
Pipe Diameter D= 18.00 inches
Design discharge Q= 11.6 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4,71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 13.3 cfs
Calculation of Normal Flow Condition
Half Central Angle (0O<Theta<3.14) Theta = 2.03 rad
Flow area An = 1.37 sq ft
Top width Tn = 1.34 ft

etted perimeter Pn = 3.05 ft
Flow depth Yn= 1.08 ft
Flow velocity Vn = 8.49 fps
Discharge Qn= 11.6 cfs
Normal Depth Froude Number Fr,= 1.48
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.39 rad
Critical flow area Ac = 1.62 sq ft
Critical top width Tec= 1.03 ft
Critical flow depth Yc = 1.30 ft
Critical flow velocity Ve = 7.14 fps
Critical Depth Froude Number Fre = 1.00

DP 11 - 12A, Pipe 11/10/2014, 2:49 PM



Project:
Pipe ID:

DP 15-13, Pipe

Circular Pipe Flow

Boondocks

DP 15 to DP 13

0.0040 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D= 18.00 inches
Design discharge = 3.6 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4.71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 6.7 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 1.62 rad
Flow area An = 0.94 sq ft
Top width Tn= 1.50 ft
Wetted perimeter Pn= 243 ft
Flow depth Yn= 0.79 ft
Flow velocity Vn = 3.84 fps
Discharge Qn= 3.6 cfs
Normal Depth Froude Number Fr,= 0.86
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.54 rad
Critical flow area Ac = 0.85 sq ft
Critical top width Tc= 1.50 ft
Critical flow depth Yc= 0.72 ft
Critical flow velocity Ve = 4.26 fps
Critical Depth Froude Number Fre = 1.00

11/10/2014, 2:51 PM



Circular Pipe Flow

Project:
Pipe ID:

Boondocks

DP 13 to DP 16

DP 13-16, Pipe

Pipe Invert Slope So= 0.0200 ft/ft
Pipe Manning's n-value = 0.0130

Pipe Diameter D= 18.00 inches
Design discharge = 13.8 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4.71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 14.9 cfs
Calculation of Normal Flow Condition

Half Central Angle (0<Theta<3.14) Theta = 2.12 rad
Flow area An = 1.44 sq ft
Top width Tn= 1.28 ft
Wetted perimeter Pn = 3.18 ft
Flow depth Yn= 1.14 ft
Flow velocity Vn = 9.57 fps
Discharge Qn = 13.8 cfs
Normal Depth Froude Number Fr, = 1.59
Calculation of Critical Flow Condition

Half Central Angle (0<Theta-c<3.14) Theta-c = 2.56 rad
Critical flow area Ac = 1.70 sq ft
Critical top width Te= 0.83 ft
Critical flow depth Yc= 1.38 ft
Critical flow velocity Ve = 8.13 fps
Critical Depth Froude Number Fre = 1.00

L ]

11/11/2014, 11:21 AM
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Circular Pipe Flow

Project: Boondocks

Pipe ID: DP 16 to DP 17

* D

Pipe Invert Slope So = 0.0240 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D= 18.00 inches
Design discharge Q= 15.6 cfs
Full-flow Capacity (Calculated
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4,71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 16.3 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 2.17 rad
Flow area An = 1.48 sq ft
Top width Tn= 1.24 ft

etted perimeter Pn = 3.26 ft
Flow depth Yn = 1.17 ft
Flow velocity Vn= 10.51 fps
Discharge Qn = 15.6 cfs
Normal Depth Froude Number Fr,= 1.69
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.67 rad
Critical flow area Ac = 1.73 sq ft
Critical top width Tec= 0.68 ft
Critical flow depth Yc= 1.42 ft
Critical flow velocity Ve = 9.02 fps
Critical Depth Froude Number Fr, = 1.00

DP 16-17, Pipe

11/10/2014, 3:09 PM



Circular Pipe Flow

Project: Boondocks

Pipe ID: DP 17 to DP 17A

+h

Lk
Pipe Invert Slope So = 0.0260 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D 18.00 inches
Design discharge Q= 16.7 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf= 4,71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 17.0 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 2.23 rad
Flow area An = 1.52 sq ft
Top width Tn= 1.19 ft
Wetted perimeter Pn = 3.34 ft
Flow depth Yn= 1.21 ft
Flow velocity Vn = 10.95 fps
Discharge Qn = 16.7 cfs
Normal Depth Froude Number Fr,= 1.70
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.72 rad
Critical flow area Ac = 1.74 sq ft
Critical top width Te= 0.61 ft
Critical flow depth Yc= 1.44 ft
Critical flow velocity Ve = 9.59 fps
Critical Depth Froude Number Fre = 1.00

DP 17-17A, Pipe

DA

11/10/2014, 3:10 PM



Circular Pipe Flow

Project: Boondocks

Pipe ID: DP 7 to DP 17A

&
A

L
Pipe Invert Slope So = 0.0040 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D= 18.00 inches
Design discharge = 1.7 cfs
Full-flow Capacity (Calculated
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf= 4.71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 6.7 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 1.26 rad
Flow area An = 0.54 sq ft
Top width Tn= 1.43 ft
Wetted perimeter Pn= 1.88 ft
Flow depth Yn= 0.52 ft
Flow velocity Vn = 3.15 fps
Discharge Qn = 1.7 cfs
Normal Depth Froude Number Fr, = 0.90
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.22 rad
Critical flow area Ac = 0.50 sq ft
Critical top width Te= 1.41 ft
Critical flow depth Yc= 0.49 ft
Critical flow velocity Ve = 3.39 fps
Critical Depth Froude Number Fre = 1.00

DP 7-17A, Pipe

11/10/2014, 3:11 PM



Circular Pipe Flow

Project: Boondocks

Pipe ID: DP 17A to DP 17B

0.0260 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D 24.00 inches
Design discharge Q= 17.4 cfs
Full-flow area Af = 3.14 sq ft
Full-flow wetted perimeter Pf = 6.28 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 36.6 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 1.54 rad
Flow area An = 1.52 sq ft
Top width Tn= 2.00 ft
Wetted perimeter Pn= 3.09 ft
Flow depth Yn= 0.97 ft
Flow velocity Vn = 11.48 fps
Discharge Qn = 17.4 cfs
Normal Depth Froude Number Fr,= 2.32
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.10 rad
Critical flow area Ac= 2.53 sq ft
Critical top width Tc= 1.73 ft
Critical flow depth Yc= 1.50 ft
Critical flow velocity Ve = 6.87 fps
Critical Depth Froude Number Fre = 1.00

DP 17A-17B, Pipe

DS
11/10/2014, 3:14 PM



Circular Pipe Flow

Project:
Pipe ID:

Boondocks

DP 19 to DP 18

DP 19-18, Pipe

0.0040 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D= 18.00 inches
Design discharge Q= 3.1 cfs
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4.71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 6.7 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 1.53 rad
Flow area An = 0.84 sq ft
Top width Tn= 1.50 ft
Wetted perimeter Pn= 2.30 ft
Flow depth Yn= 0.72 ft
Flow velocity Vn = 3.70 fps
Discharge Qn = 3.1 cfs
Normal Depth Froude Number Fr,= 0.87
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.46 rad
Critical flow area Ac = 0.76 sq ft
Critical top width Tc= 1.49 ft
Critical flow depth Yc= 0.67 ft
Critical flow velocity Ve = 4.06 fps
Critical Depth Froude Number Fre = 1.00

D\

11/10/2014, 3:16 PM



Circular Pipe Flow

Project: Boondocks

Pipe ID: DP 18 to DP 17B

Pipe Invert Slope So = 0.0040 ft/ft
Pipe Manning's n-value = 0.0130

Pipe Diameter D= 18.00 inches
Design discharge Q= 5.7 cfs
Full-flow Capacity (Calculated)

Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4.71 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 6.7 cfs
Calculation of Normal Flow Condition

Half Central Angle (0<Theta<3.14) Theta = 2.01 rad
Flow area An = 1.35 sq ft
Top width Tn= 1.36 ft
\Wetted perimeter Pn= 3.01 ft
Flow depth Yn= 1.07 ft
Flow velocity Vn= 4.23 fps
Discharge Qn = 5.7 cfs
Normal Depth Froude Number Fr,= 0.75
Calculation of Critical Flow Condition

Half Central Angle (0O<Theta-c<3.14) Theta-c = 1.80 rad
Critical flow area Ac = 1.14 sq ft
Critical top width Tec= 1.46 ft
Critical flow depth Yc= 0.92 ft
Critical flow velocity Ve = 5.01 fps
Critical Depth Froude Number Fre = 1.00

DP 18-17B, Pipe

O\

11/10/2014, 3:17 PM
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Circular Pipe Flow

Project: Boondocks

Pipe ID: DP 17Bto 42 '

0.0050 ft/ft
Pipe Manning's n-value n= 0.0130
Pipe Diameter D= 42.00 inches
Design discharge Q= 21.3 cfs
Full-flow Capacity (Calculated)
Full-flow area Af = 9.62 sq ft
Full-flow wetted perimeter Pf= 11.00 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf= 71.3 cfs
Calculation of Normal Flow Condition
Half Central Angle (0O<Theta<3.14) Theta = 1.32 rad
Flow area An = 3.29 sq ft
Top width Tn= 3.39 ft
\Wetted perimeter Pn= 4.61 ft
Flow depth Yn= 1.31 ft
Flow velocity Vn= 6.47 fps
Discharge Qn = 21.3 cfs
Normal Depth Froude Number Fr,= 1.16
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.38 rad
Critical flow area Ac= 3.65 sq ft
Critical top width Te= 3.44 ft
Critical flow depth Yc= 1.42 ft
Critical flow velocity Ve = 5.84 fps
Critical Depth Froude Number Fre = 1.00

DP 17B - 42, Pipe

M\

W e ) e

11/10/2014, 3:19 PM



Circular Pipe Flow

Project: Boondocks
Pipe ID: DP 17B to 30"

‘l;'

0.0050 ft/ft
Pipe Manning's n-value = 0.0130
Pipe Diameter D= 30.00 inches
Design discharge Q= 21.3 cfs
Full-flow Capacity (Calculated)
Full-flow area Af = 4.91 sq ft
Full-flow wetted perimeter Pf = 7.85 ft
Half Central Angle Theta = 3.14 rad
Full-flow capacity Qf = 29.1 cfs
Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 1.85 rad
Flow area An= 3.29 sq ft
Top width Tn = 2.41 ft
\Wetted perimeter Pn = 4.62 ft
Flow depth Yn= 1.59 ft
Flow velocity Vn = 6.47 fps
Discharge Qn = 21.3 cfs
Normal Depth Froude Number Fr, = 0.97
Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.83 rad
Critical flow area Ac = 3.24 sq ft
Critical top width Te= 2.42 ft
Critical flow depth Yc= 1.57 ft
Critical flow velocity Ve = 6.57 fps
Critical Depth Froude Number Fre = 1.00

E,,.,‘) ‘\ {
DP 42 - 30 TO POND, Pipe 11/10/2014, 3:21 PM
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Design of Trapezoidal Grass-Lined Channel

Project: Channle across Lot 2 100 year flows

Channel ID:
proposed slope X-gection
z1 : Y 2

xisﬁngslq;e B

B distance (100 £i)

Existing Channel Condition (Input
Design Discharge Qp= 37.30 cfs
Design Discharge Return Period Yearp= 100 years
Existing Ground Slope Along Channel Centerline So= 0.0094 ft/ft
100-Year Discharge Qo= 37.30 cfs

Warning 01||Left Side Slope Z1= 4.00 ft/ft

Warning 01||Right Side Slope 72 = 4.00 ft/ft
Channel Manning's N (New Condition .030 typ.) Npew= 0.030
Channel Manning's N (Mature Condition .040 typ.) Ninature™ 0.040
Check one of the following soil types

Sandy Soil check, OR
Non-Sandy Soil X check

|_Proposed Channel Condition (Calculated) New Channel Mature Channel
Bottom Width B= 0.00 ft 0.00 ft
100-Year Flow Depth (5' maximum) Y100= 1.72 ft 1.92 ft
100-Year Flow Velocity Vi00= 4.20 fps 3.39 fps
100-Year Top Width = 10.32 ft 11.49 ft
100-Year Flow Area A= 8.88 sq ft 11.01 sq ft
100-Year Froude Number Fr= 0.80 0.61
100-Year Wetted Perimeter = 10.88 ft 12.12 ft
100-Year Hydarulic Radius R= 0.82 ft 0.91 ft
Design Discharge Flow Depth Ypo= 1.72 ft 1.92 ft
Design Discharge Flow Velocity Vp= 4.20 fps 3.39 fps
Design Discharge Top Width = 10.32 it 11.49 ft
Design Discharge Flow Area A= 8.88 sq ft 11.01 sq ft
Design Discharge Froude Number Fr= 0.80 0.61
Design Discharge Wetted Perimeter = 10.88 ft 12.12 ft
Design Discharge Hydarulic Radius R= 0.82 ft 0.91 ft
Drop Height
Proposed New Channel Slope Sd= 0.0094 ft/ft 0.0094 fu/ft
Drop Height per 100 ft D= 0.00 ft/100 ft 0.00 ft/100 ft

Warning 01: Sideslope steepness exceeds USDCM Volume Il recommendation.

channel.xlsx, Channel Design 71912015, 10:51 AM

Qc ?’*«ﬁgj



14

APPENDIX E

References



50"

00" [ 50" 100’ 200"

GRAPHIC SCALE

VICINITY MAP

NTS

R

EXISTHG 80" RCP
T

H

|

;
¢
i
i

=T
_— ;,gﬁm, ol

LEGEND

MAJOR BASIN BOUNDARY LINE

N NN B B EE EE SUB-BASIN BOUNDARY LINE

BASIN IDENTIFICATION

COMPOSITE RUNQOFF COEFFICIENTS

R
BASIN AREA (ACRES)

AN " DESIGN POINT
——a PROPOSED STORM SEWER

EXISTING MAJOR CONTOUR

EXISTING MINCR CONTOUR

—5N5— PROPOSED MAJOR CONTOUR

PROPQOSED MINOR CONTOUR

< ff— DIRECTION OF FLOW
SUMMARY RUNOFF TABLE
DIRECT RUNOFF TOTAL RUNOFF
DESIGN POINT | AREA (AC.) | Q-5(CFS) |Q-100(CFS) | Q-5(CFS) |Q-100 (CFS)
1 9.18 29.2 63.1 58.8 125.7
2 0.44 1.6 34 85 17.4
3 0.60 25 5.1 71 14.6
4 8.77 276 59.7 329 70.3
5 527 14.7 314 14.9 3340
: 6 2.08 6.8 14.5 8.8 14.5
7 1.62 5.0 104 50 104
i 8 0.62 0.2 1.7 02 1.7
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Boondocks

Lot 4, Crown FPoint F#1, T4th Amendment
A Replat of Lot & Crown Point F#1, 6th Amendment

LOCATED IN A PORTION OF THE SW 1/4 OF SECTION 3,
T6S, Re6W, 6TH P.M., COUNTY OF ARAPAHOE, STATE OF COLORADO.

BASIN DESIGN CONTRIBUTING PERCENT RUNOFF COEFFICIENT ROUTED FLOWS COMMENTS
NO. POINT AREA (acres) IMPERVIOUS C(5yr) C(100yr) 5yr(cfs) 100yr(cfs)
A1 1 0.50 1% 0.14 0.40 0.3 1.3 Single Type C Inlet with Close Mesh Grate
A.2 2 1.27 33% 0.26 0.48 1.25 4.0 Single Type C Inlet with Close Mesh Grate
A3 3 2.29 45% 0.32 0.51 3.0 8.9 Single Type C Inlet with Close Mesh Grate
A.4 4 0.49 77% 0.58 0.68 1.3 2.9 5 Type R Inlet E Long A%,
A.5 5 0.29 90% 0.73 0.81 1.0 2.1 5" Type R Inlet
A.6 6 0.76 90% 0.73 0.81 2.6 5.4 5 Type R Inlet i
A.7 7 0.25 90% 0.73 0.81 0.9 1.8 5" Type R Inlet 1 LEGAL DESCRIPTION:
A.8 8 0.57 67% 0.47 0.6 1.3 3.0 5 Type R Inlet 3
A.9 9 0.94 84% 0.64 0.74 2.2 4.8 5' Type R Inlet \) Lot 4, Crown Point F#1, 14th Amendment—Reception # 2007081477
A.10 10 0.14 53% 0.37 0.53 0.2 0.7 5 Type R Inlet of the records of Arapahoe County, Colorado.
A.11 1 0.37 45% 0.32 0.51 0.6 1.7 5 Type R Inlet Containing 847,936 square feet, 14.875 acres, More or Less.
A2 12 0.61 90% 0.73 0.81 2.1 4.4 5" Type R Inlet
A3 13 0.59 90% 0.73 0.81 2.0 4.2 5 Type R Inlet Inspiration DY PROP o
- OPOSED LEGAL DESC ON:
A.14 14 0.26 64% 0.45 0.63 0.6 1.4 Chase Section to A.15 PI
A.15 - 0.46 79% 0.44 0.59 1.0 2.5 - The following descriptions are a part of lot 4; Crown Point F # 1, 14th Amendment Rec #
Sum A.14+A.15 15 0.72 - - - 1.5 3.7 5" Type R Inlet 2007081477, Arapahoe County, Colorado and describes two parcels (A&B) which are to be included
in a replat of the said lot 4;
A.16 - 0.18 90% 0.73 0.81 0.6 1.3 Flow into Basin A.17 e P
A7 - 0.25 90% 0.73 0.81 0.9 1.8 - L. 1 Parcel A
Sum A.16+A.17 16 0.43 - - - 1.4 2.9 5 Type R Inlet Beginning at the northeast corner of said lot 4;
. Thence southerly along the east line of lot 4, which is coincident with west ROW line of E 470,
A.18 17 0.55 90% 0.73 0.81 1.9 3.9 Future 5 Type R Inlet w/Commercial Construction g - S11°07°44"W, 191.10 feet;
A.19 18 0.40 90% 0.73 0.81 1.4 2.9 Future 5 Tge R Inlet W§Commerciq| Construction k5 E Thence leaving said coincident east line with west ROW line of E470; N70°01'13W; 586.59 feet;
A.20 19 0.44 90% 0.73 0.81 1.5 3.1 Future 5’ Type R Inlet w/Commercial Construction VICINITY MAP s CZL Thence S00°00'00"E, 384.86 feet to a platted corner on said lot 4; sqid platted corner being the
A.21 20 1.18 90% 0.73 0.81 4.1 8.4 Future 5 Type R Inlet w/Commercial Construction Scale: 17=5,000 z R?Cr]thqiooset Sorner Oéollz’?ng Crown Point F j#1, 14th Amendment, Reception # 20070081477;
B.1 21 0.56 36% 0.28 0.48 0.7 2.3 Flow into Basin B.2 in Curb Theﬁce’ olgng oycommon lot line of lot 24, lot 4, said Crown Point F#1, 14th amendment;
B.2 - 1.30 64% 0.45 0.63 2.3 6.0 Includes flow from B.1 N90°00'00"W, 238.60 ft to a common corner of lot 3, Crown Point F#1, 14th amendment,
Sum B.1+B.2 22 1.86 - - - 2.8 7.5 To be added with B.3+B.4 reception #2007081477, and lot 4;
Thence along a common property line of said lots 3 and 4 NOQ°06’31"W, 634.97 feet to a point
B.3 23 0.73 82% 0.45 0.63 1.4 3.7 Flow into Basin B.4 in Curb on the south ROW line of Cottonwood Dr, Rec. # 00073633, Arapahoe County, Colorado;
B.4 - 0.71 52% 0.36 0.63 1.2 3.9 Includes Flow from B.3 Thence along said south ROW line on a curve to the right having a chord of S74"15’58"E 526.95
Sum B.3+B.4 24 1.44 - - - 2.3 6.5 To be added with B.1+B.2 ft and a radius of 2,702.00 ft with a central angle of 11°11°30” with an arc length of 527.79 ft.
to a point of Tangent;
Sum B.1-B.4 25 0.14 - - - 2.2 13.8 Sum Flow into Existing 10" Type R Inlet Thence continuing along said south ROW line S68°40'13"E, 90.33 feet.;

Thence continuing along the said south ROW line S70°34'46"E, 240.13 ft. to the POINT OF
BEGINNING.

Area of Parcel A 5.969 acres.

Parcel B
Beginning at the northeast corner of said lot 4;

Thence along the east line of lot 4 which is coincident of the west ROW of E 470; S4°07°'44"W,
191.10 feet to the TRUE POINT OF BEGINNING;

Thence along the common lot line of lot 4 and west ROW of E 470 along the following 5 courses
and distances;

LOT 3
CROWN POINT F#1
14th AMENDMENT

1) Thence S11°07°44"W,118.21 feet

2) Thence S14°52°44"W, 95.13 feet to a point of curve;

3) Thence on a curve to the right having a radius of 1,075.92’; a central angle of 22°03'52", an
arc length of 414.33 ft and a chord of S25°54°40"W, 411.78 ft to a point of tangent.

4) Thence S36°56°36"W, 228.17Ft to a point of curve to the right;

4) Thence on a curve to the right having a radius of 549.41 ft, a central angle of 25°49'10", an
arc length of 247.58 ft and a chord of S49°51'11"W; 245.49 ft to the furthest south property
corner of said lot 4;

Thence leaving said E 470 ROW line and continuing north along the common lot line of lot 3,
Crown Point F#1, 14th Amendment NOO'00’00”E, 732.63 ft to the northeast corner of said lot 3,
thence continuing NOO'00’00"E, 384.46 ft;

Thence S70°13'01"E, 586.59 ft to the TRUE POINT OF BEGINNING of Parcel B

LOT 4B

Parcel B contains 8.906 acres.

LOT 2
CROWN POINT F#1
14th AMENDMENT
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BASIN DESIGN CONTRIBUTING PERCENT RUNOFF COEFFICIENT ROUTED FLOWS COMMENTS

NO. POINT AREA (acres) IMPERVIOUS C(5yr) C(100yr) 5yr(cfs)  100yr(cfs)
AA 1 0.50 1% 0.14 0.40 0.3 1.3 Single Type C Inlet with Close Mesh Grate
A.2 2 1.27 33% 0.26 0.48 1.25 4.0 Single Type C Inlet with Close Mesh Grate
A.3 3 2.29 45% 0.32 0.51 3.0 8.9 Single Type C Inlet with Close Mesh Grate
A.4 4 0.49 77% 0.58 0.68 1.3 2.9 5 Type R Inlet
A.5 5 0.29 90% 0.73 0.81 1.0 2.1 5 Type R Inlet
A.6 6 0.76 90% 0.73 0.81 2.6 5.4 5 Type R Inlet
— A.7 7 0.25 90% 0.73 0.81 0.9 1.8 5’ Type R Inlet
Q — A.8 8 0.57 67% 0.47 0.6 1.3 3.0 5 Type R Inlet
nF O — N A.9 9 0.94 84% 0.64 0.74 2.2 4.8 5’ Type R Inlet
HE3R — — /// / A.10 10 0.14 53% 0.37 0.53 0.2 0.7 5’ Type R Inlet
Es.8 — /) A1 1 0.37 45% 0.32 0.51 0.6 1.7 5 Type R Inlet
<83y = /1y A.12 12 0.61 90% 0.73 0.81 2.1 4.4 5’ Type R Inlet
cg” 7///\ — — A13 13 0.59 90% 0.73 0.81 2.0 4.2 5 Type R Inlet
~g //) T — A14 14 0.26 64% 0.45 0.63 0.6 1.4 Chase Section to A.15
/// / ——— —— A.15 - 0.46 79% 0.44 0.59 1.0 2.5 -
/ Sum A.14+A.15 15 0.72 - - - 1.5 3.7 5 Type R Inlet
///// '\ T — L 2389 240, o A.16 - 0.18 90% 0.73 0.81 0.6 1.3 Flow into Basin A.17
~ — //// A S — thofz/?f%gH e A7 - 0.25 90% 0.73 0.81 0.9 1.8 -
SO — — 0y 5%y 2 Sum A.16+A.17 16 0.43 - - - 1.4 2.9 5 Type R Inlet
~ 1 - ///V/ 77 i L\\\\\\:\\ T T~ 04,5,% ) ) bl i A18 17 0.55 90% 0.73 0.81 1.9 3.9 Future 5 Type R Inlet w/Commercial Construction
~ 4 W /\\\\\\\\\\\\\\\\\ \\\\ AT 3 A19 18 0.40 90% 0.73 0.81 1.4 2.9 Future 5' Type R Inlet w/Commercial Construction
—~ ~ // ﬁ\ '/ ' . —_ \\\\\Qﬁ\ — \A\\\ T ; A.20 19 0.44 90% 0.73 0.81 1.5 3.1 Future 5 Type R Inlet w/Commercial Construction
~ / ¢|T_> = '/// \\\\\\\\\ — . 8 \\\\Q\ — — A.21 20 1.18 90% 0.73 0.81 4.1 8.4 Future 5' Type R Inlet w/Commercial Construction
/ < ——= = — = iE A S B.1 21 0.55 36% 0.28 0.48 0.7 2.3 Flow into Basin B.2 in Curb
AN 3 P \&\\\\\\\\\\\\\\\ = \l\{-\/ — B.2 - 1.29 64% 0.45 0.63 2.3 6.0 includes flow from B
I~ \2|9 Iy S e O —— == —OR Sum B.1+B.2 22 1.84 - - - 2.7 7.1 To be added with B.3+B.4+0S—1
/) — &, iy R \ =2 ™~ 0S—1 - 1.62 - 0.78 0.87 5.0 10.4 Flow added to B.1+B.2
// iLl '7‘/ 3 g ER, /_ﬁ/ y ) ) \—=% ~__ Sum (0S—1+B.1+B.2) 3.46 - - - 7.7 16.8 Total Flow in Cottonwood
/ S , = B.3 23 0.73 82% 0.45 0.63 1.4 3.7 Flow into Basin B.4 in Curb
Joq ¥ o 7/ . T B.4 - 0.71 52% 0.36 0.63 1.2 3.9 Includes Flow from B.3
Q N4 \ >~ - ~ Sum B.3+B.4 24 1.44 — — — 2.3 6.5 To be added with B.1+B.2
~~__ Sum (B.1-B.4)
, = — = o~ \\\ ~.  +0S-1 25 4.90 - - - 9.8 23.1 Sum Flow into Existing 10’ Type R Inlet
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