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El Paso County MS4 Post Construction Detention / Water Quality Facility Documentation Form

[bookmark: _GoBack]This document must be completed and submitted with required attachments to the County for projects requiring a detention and/or a water quality facility.  A separate completed form must be submitted for each facility.

Project name: 

Owner name: 

Location Address:

Latitude and Longitude:



Assessor's Parcel #: 	Section: 	Township: 	Range:	

Expected Completion date: 			

Project acreage:   		Design Ponding Acres:  	Design Storm: 

Design Engineer Email Address:  

To ensure compliance with C.R.S. 37-92-602(8), the completed Stormwater

Detention and Infiltration Design Data Sheet must be attached. The form can be found here: 

https://maperture.digitaldataservices.com/gvh/?viewer=cswdif#  (click on Download SDI Design Data Sheet)

List all permanent water quality control measure(s) (EDBs, rain gardens, etc): 



For all projects for which the constrained redevelopment sites standard is applied, provide an explanation of why it is not practicable to meet the full design standards. 



Attach Operations and Maintenance (O&M) Plan describing the operation and maintenance procedures that ensure the long-term observation, maintenance, and operation of control measure(s), including routine inspection frequencies and maintenance activities.  If multiple, different water quality control measures are used at the same location, a separate O & M Plan must be provided for each facility.

Attach Private Detention Basin / Stormwater Quality Best Management Practice Maintenance Agreement and Easement addressing maintenance of BMPs that shall be binding on all subsequent owners of the permanent BMPs. 

Attachments: 	Review Engineer 

Stormwater Detention and Infiltration Design Data Sheet 	EPC Project File No. 

O & M Plan	

Maintenance and Access Agreement

August 2016
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ENGINEERING

ABERT RANCH SUBDIVISION- FINAL DRAINAGE REPORT
EXECUTIVE SUMMARY

A. Background

e Abert Ranch is a proposed residential subdivision of a 40.4-acre parcel located
northwest of Hodgen Road and Steppler Road in El Paso County.

e The proposed subdivision consists of 10 rural residential lots with 2.5-acre
minimum lot sizes.

e Abert Ranch is located within the East Cherry Creek Drainage Basin, which
comprises a total drainage area in excess of 30 square miles. The Abert Ranch
property represents less than 0.2 percent of the total basin area.

B. General Drainage Concept

e Developed drainage within the site will be conveyed along paved streets with
roadside ditches and culverts, as well as grass-lined channels through drainage
easements, following historic drainage patterns.

e Developed flows from the subdivision will be detained to historic levels through
an on-site private stock pond, which will be upgraded to serve as a stormwater
detention pond.

e Subdivision drainage improvements will be designed and constructed to meet El
Paso County standards,

C. Drainage Impacts

e The proposed detention pond will detain to historic flows at the downstream
property boundary, ensuring no significant adverse developed drainage impact on
downstream properties.

o Drainage facilities within public road rights-of-way will be dedicated to the
County for maintenance. The proposed stormwater detention pond will be
maintained by the subdivision HOA.

JAL11604.abert-ranch\admin\fdr-execsumme-settlers-vw.doc i




DRAINAGE STATEMENT

Engineer's Statement: Remove "City"

The attached drainage plan and report wete prepared under my direction and supervision and are
correct to the best of my kno d'belief. Said drainage report has been prepared according to
the criteria established by the for drainage reports and said report is in conformity with
the master plan of the drainagebasin” I accept responsibility for liability caused by negligent acts,
errors or omissions on my part in preparing this report.

John P. Schwab, P.E. #29891

Developer's Statement:

I, the developer have read and will comply with all of t‘he requirements specified in this drainage
report and plan.

By:

Printed Name: Date

Type the name, title, business name and
address.

El Paso County's Statement

Filed in accordance with the requirements of the El Paso County Land Development Code,
Drainage Criteria Manual, Volumes 1 and 2, and Engineering Criteria Manual as amended.

Jennifer Irvine, P.E. o Date
County Engineer / ECM Administrator '

Conditions:
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FLOODPLAIN STATEMENT

To the best of my knowledge and belief, no parts of the Abert Ranch Subdivision are located in a
FEMA designated floodplain, as shown on FIRM panel No. 08041C0325F, dated March 17, 1997.

John P. Schwab, P.E. #29891




Remove the FDR. The applicant has
only submitted for preliminary plan.

L GENERAL LOCATION AND DESCRIPTION

A. Background

Abert Ranch is a proposed rural residential subdivision located in nikrtheastern El Paso County,
Colorado. The Abert Ranch parcel (El Paso County Assessor’s NumbenNg1000-00-464) is located
between Grandview Subdivision and Settlers Ranch Subdivision, west of Stsppler Road, as shown
in Figure Al (Appendix F). Abert Ranch Subdivision will consist of 10 low-density residential lots
(2.5-acre minimum size) on a 40.4-acre parcel.

B. Scope

This report is intended to fulfill the El Paso County requirements for a Preliminary a

1(¢
Drainage Report (FDR) for submittal with the Preliminary Plan and Final Plat applicatio

report provides a summary of site drainage issues impacting the proposed development,
including analysis of impacts from upstream drainage areas, site-specific developed drainage
patterns, and impacts on downstream facilities. This FDR report has been prepared based on the
guidelines and criteria presented in the El Paso County Drainage Criteria Manual.

C. Site Location and Description

The Abert Ranch parcel is located in the Northeast Quarter of Section 24 and the Northwest
Quarter of Section 23, Township 11 South, Range 66 West of the 6th Principal Meridian. The
site is currently a vacant meadow tract. The property is currently zoned RR-5 (Rural Residential;
5-acre minimum lots), and the proposed subdivision will include re-zoning the property to RR-
2.5 (Rural Residential; 2.5-acre minimum lots). The proposed low-density lots will be served by
individual wells and septic systems.

The north boundary of the property borders the existing Grandview Subdivision, and the south
boundary of the property adjoins the approved Settlers Ranch Subdivision, both of which consist
primarily of 2.5-acre lots. The west boundary of the property borders an undeveloped 40-acre
ranch property, which is currently in the process of Re-zoning and Preliminary Plat approval for
the proposed Settlers View Subdivision, with 2.5-acre minimum lots.

Access to the Abert Ranch Subdivision will be provided by extension of Silver Nell Drive
southeasterly through the adjoining Settlers View Subdivision, along with construction of the
proposed Abert Ranch Drive extending north and east through the new subdivision. Abert Ranch
Drive will connect to Settlers Ranch Drive as Settlers Ranch Filing No. 2 develops to the south.

Subdivision infrastructure improvements will include paving of new public roadways through the
site, as well as grading, drainage, and utility service improvements for the proposed residential
lots. Local roads will be classified as rural minor residential roads, with 60-feet rights-of-way
and paved widths of 28-feet.

JA111604.abert-ranch\admin\FDR .abert-ranch.doc 1
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Ground elevations within the parcel range from a low point of approximately 7,540 feet above
mean sea level at the east boundary of the parcel, to a high point of 7,650 feet near the southwest
corner of the property.

This site is located in the East Cherry Creek drainage basin. Surface drainage from the property
flows easterly towards tributaries of East Cherry Creek. The terrain is rolling with slopes ranging
from 2% to 8%. Existing vegetation is typical eastern Colorado prairie grass.

D. General Soil Conditions

According to the Soil Survey of El Paso County prepared by the Soil Conservation Service, on-site
soils are comprised primarily of the following soil types (see Appendix A):

e Type 67— “Peyton sandy loam”: well drained, moderate erosion hazard
(Hydrologic Group B)

E. References

City of Colorado Springs & El Paso County “Drainage Criteria Manual, Volumes 1 and 2,” revised
May, 2014.

El Paso County “Engineering Criteria Manual,” January 9, 2006.
FEMA, Flood Insurance Rate Map (FIRM) Number 08041C0325-F, March 17, 1997.

JPS Engineering, Inc., “Final Drainage Report for Grandview Subdivision,” September 7, 2007
(approved by El Paso County 9/14/07).

JPS Engineering, Inc., “Master Development Drainage Plan (MDDP) and Preliminary Drainage
Report for Walden Preserve Subdivision,” December 10, 2004 (approved by El Paso County
12/20/04).

JPS Engineering, Inc., “Final Drainage Report for Settlers Ranch Subdivision Filing No. 1,”
October 18, 2005 (approved by El Paso County 10/19/05).

JPS Engineering, Inc., “Final Drainage Report for Settlers Ranch Subdivision Filing No. 2,” May
30, 2008 (approved by El Paso County 3/31/09).’ ' :

JPS Engineering, Inc., “Final Drainage Report for Settlers View Subdivision,” February 17, 2017.
JPS Engineering, Inc., “Final Drainage Report for Walden Pines Subdivision,” March 24, 2004,

JPS Engineering, Inc., “Final Drainage Report for Walden Preserve Subdivision Filing No. 1,” May
11,2005.
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IL. DRAINAGE BASINS AND SUB-BASINS

A. Major Basin Description

The proposed development lies within the East Cherry Creek Drainage Basin (CYCY 0200), as
classified by El Paso County. Drainage from the site flows easterly to a tributary of East Cherry
Creek, which flows to a confluence with the main channel north of Walker Road. Downstream
agricultural areas generally drain northerly towards the main channel of East Cherry Creek.

No drainage planning study has been completed for this drainage basin or any adjacent drainage
basins. In the absence of plans for regional drainage facilities, El Paso County generally requires
new developments to provide stormwater detention to maintain historic runoff flows leaving
developed areas.

The major drainage basins lying in and around the proposed development are depicted in Figure
EXI. The Abert Ranch parcel is located near the southerly limit of the East Cherry Creek
Drainage Basin, which comprises a total drainage area in excess of 30 square miles. The
proposed 40-acre Abert Ranch subdivision represents less than 0.2 percent of the total basin area,
which is primarily ranch land.

B. Floodplain Impacts

The proposed development area is located beyond the limits of any 100-~year floodplain
delineated by the Federal Emergency Management Agency (FEMA). The floodplain limits in the
vicinity of the site are shown in Flood Insurance Rate Map (FIRM) Number 08041C0325-F,
dated March 17, 1997, as shown in Figure FIRM (Appendix F).

C. Sub-Basin Description

The existing drainage basins lying in and around the proposed development are depicted in Figure
EX1 (Appendix F). The existing on-site topography has been delineated as several sub-basins
draining to design points at the north and east and west boundaries of the site.

The developed drainage basins lying within the proposed development are depicted on Figure D1.
The developed site layout has been divided into sub-basins based on the proposed road layout
within the site. The natural drainage patterns will be impacted through development by site grading
and concentration of runoff in subdivision roadside ditches and channels. On-site flows will be
diverted to the existing natural drainage swales and channels running through the property,
following historic drainage paths.

JA111604.abert-ranch\admin\FDR .abert-ranch.doc 3




III.  DRAINAGE DESIGN CRITERIA

A. Development Criteria Reference

No Drainage Basin Planning Study (DBPS) has been completed for the East Cherry Creek Drainage
Basin. Previous drainage reports for completed subdivision filings have proposed to provide on-
site detention for mitigation of developed flows.

B. Hydrologic Criteria

In accordance with the El Paso County Drainage Criteria Manual, Rational Method procedures
were utilized for hydrologic calculations since the tributary drainage basins are below 100 acres.

Rational Method hydrologic calculations were based on the following assumptions:

e Design storm (minor) 5-year
e Design storm (major) 100-year
e Time of Concentration — Overland Flow S““Alrport” equation (300° max. developed)
e Time of Concentration — Gutter/Ditch Flow “SCS Upland” equation
e Rainfall Intensities El Paso County I-D-F Curve
e Hydrologic soil type B
(0] €100
e Runoff Coefficients - undeveloped:
Existing pasture/range areas 0.08 0.35
e Runoff Coefficients - developed:
Proposed lot areas (2.5-acre lots) 0.17 0.417
Proposed lot areas (5-acre lots) 0.137 0.393

Hydrologic calculations are enclosed in Appendix A, and peak design flows are identified on the
drainage basin drawings.

J\111604.abert-ranch\admin\FDR_abert-ranch.doc 4




Iv.

Update the 4 step process based on the steps
identified in Appendix | Section 1.7.2 which are
different from the city.

DRAINAGE PLANNING FOUR STEP PROCESS

El Paso County Drainage Criteria require drainage planning to include a Four Step Process for
receiving water protection that focuses on reducing runoff volumes, treating the water quality

capture volume (WQCYV), stabilizing drainageways, and implementing long-term source controls.

As stated in DCM Volume 2, the Four Step Process is applicable to all new and re-development
projects with construction activities that disturb 1 acre or greater or that disturb less than 1 acre

but are

part of a larger common plan of development. The Four Step Process has been

implemented as follows in the planning of this project:

Step 1:

Employ Runoff Reduction Practices

Step 2:

Minimize Impacts: The proposed rural residential subdivision development with 2.5-acre
minimum lot sizes provides for inherently minimal drainage impacts based on the limited
impervious areas associated with rural residential development.

Minimize Directly Connected Impervious Areas (MDCIA): The rural residential
development will have roadside ditches along all roads, providing for impervious areas to
drain across pervious areas. Based on the roadside ditches throughout the subdivision,
the subdivision is classified as MDCIA Level One.

Grass Swales: The proposed roadside ditches will drain to existing and proposed grass-
lined drainage swales following historic drainage patterns through the property.

Implement BMPs that Provide a Water Quality Capture Volume with Slow Release

Step 3:

FSD: An existing Stock Pond near the east boundary of the site will be upgraded to serve
as a Full-Spectrum Detention Pond. On-site drainage will be routed through the extended
detention basin, which will capture and slowly release the WQCYV over a 40-hour design
release period.

Stabilize Drainageways

Step 4:

Proper erosion control measures will be implemented along the roadside ditches and
grass-lined drainage channels to provide stabilized drainageways within the site.

Implement Site Specific and Other Source Control BMPs

No industrial or commercial land uses are proposed within this rural residential
subdivision.

On-site drainage will be routed through the private Full-Spectrum Detention (FSD) basin
to minimize introduction of contaminants to the County’s public drainage system.

IA111604.abert-ranch\admin\FDR .abert-ranch.doc 5
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V. DRAINAGE FACILITY DESIGN
A. General Concept

Development of the Abert Ranch Subdivision will require site grading and paving, resulting in
additional impervious areas across the site. The general drainage pattern will consist of grading
away from home sites to swales and roadside ditches along the internal roads within the
subdivision, conveying runoff flows through the site. Runoff from the site will flow by roadside
ditches to cross culverts at low points in the road profiles, and grass-lined channels connecting to
existing natural swales at the site boundaries.

The stormwater management concept for the Abert Ranch development will be to provide
roadside ditches and natural swales as required to convey developed drainage through the site to
existing natural outfalls. Individual lot grading will provide positive drainage away from building
sites, and direct developed flows into the system of roadside ditches and drainage swales running
through the subdivision.

An existing stock pond near the east boundary of the subdivision will be upgraded to serve as a
stormwater detention pond to mitigate the impact of developed flows and maintain historic peak
flows downstream of the property.

B. Specific Details
1. Existing Drainage Conditions

Historic drainage conditions within the site are depicted in Figure EX1. The on-site area
has been identified as Basin I, which is impacted by upstream off-site drainage basins to the
north, west, and south.

Basin OI1 is the off-site area to the north within the existing Grandview Subdivision. Basin
A is the off-site area to the west within the proposed Settlers View Subdivision. Basins
DI1 and D12 are the off-site areas to the south within the proposed Settlers Ranch
Subdivision.

Off-site flows from Basins OI1, A, D11, and D12 enter the Abert Ranch property and drain
easterly in an existing grass-lined drainage channel, flowing through an existing stock pond,
and ultimately crossing Steppler Road in an existing 48-inch RCP culvert at the eastern site
boundary.

Flows from Basins OI1, A, D11, D12, and I combine at Design Pont #1, with historic peak
flows calculated as Qs = 13.9 cfs and Q100 = 102.2 cfs.

JAL11604.abert-ranch\admin\FDR.abert-ranch.doc 6




C.

2. Developed Drainage Conditions

The developed drainage basins and projected flows are shown in Figure D1, and hydrologic
calculations are enclosed in Appendix A.

Basins A, B, and C represent developed basins within the adjoining Settlers View
Subdivision, and these basins will continue to sheet flow easterly through the proposed
Abert Ranch Subdivision.

Basin C will flow easterly along the south side of Silver Nell Drive, combining with Basin
E at Design Point #E, with developed peak flows calculated as Qs = 2.5 cfs and Qigo = 10.2
cfs. An 18-inch RCP culvert will convey flows at Design Point #E northerly across Silver
Nell Drive on the west side of Abert Ranch Drive.

Basins G, D11, and H will flow northeasterly to the low point in the roadway profile at
Design Point #H, combining with upstream flows from DP-F, with total developed peak
flows calculated as Qs = 14.6 cfs and Q100 = 64.4 cfs. A 30-inch RCP culvert will convey
flows from Design Point #H northerly across Abert Ranch Drive.

Basins A, D12, OIl, and I combine with flows from DP-H at Design Point #1, with total
developed peak flows calculated as Qs = 32.8 cfs and Q109 = 147.9 cfs.

The existing stock pond within Basin I near the eastern site boundary will be upgraded to
serve as “Detention Pond I,” mitigating the impact of developed flows from the subdivision.
This pond will reduce flows to historic levels prior to discharging to the existing natural
drainage swale downstream.

Comparison of Developed to Historic Discharges

Based on the hydrologic calculations in Appendix A, the proposed development will result in
calculated flows exceeding historic flows from the parcel. The increase in developed flows will be
mitigated through on-site stormwater detention facilities. The comparison of developed to historic
discharges at key design points is summarized as follows:

Historic Flow Developed Flow Comparison of Developed
J to Historic Flow

(cfs) (Qs%/Q100%)

147.9 | 236% / 145% (increase)

J\111604.abert-ranch\admin\FDR .abert-ranch.doc 7




Discuss the emergency overflow condition. Is
it overtopping Steppler Road? If so what is

d.
D.  Detention Ponds the depth on the roa

The Developed storm runoff downstream of the proposed subdivision will be maintained at historic
levels by routing flows through the proposed detention pond at the east boundary of the property.
Pond #I will be upgraded to serve as a Full-Spectrum Detention (FSD) Pond to mitigate developed
flow impacts from the proposed subdivision. The pond outlet structure has been designed with
multiple orifice openings to detain the full spectrum of storm events.

A geotechnical analysis will be performed to confirm the structural stability of the existing pond
embankment, and any applicable geotechnical recommendations will be implemented in
conjunction with upgrade of the existing pond.

Detailed pond routing calculations have been performed utilizing the Denver Urban Drainage “UD-
Detention” software package (see Appendix C). The pond outlet structure configuration has been
designed to maintain the calculated pond discharge below the target outflow, while maintaining the
maximum water surface elevation below the pond spillway. Detention pond design parameters are
summarized as follows:

Pond Volume Outlet
(ac-ft) Structure
Pond #1 3.3 48-inch RCP w/ multiple orifices

A 15-foot wide gravel maintenance access road will be provided for the stormwater detention
facilities. The proposed detention pond will be privately owned and maintained by the subdivision
homeowners association (HOA).

E. On-Site Drainage Facility Design

Developed sub-basins and proposed drainage improvements are depicted in the enclosed Drainage
Plan (Sheet D1). In accordance with El Paso County standards, new roadways will be graded with
a minimum longitudinal slope of 1.0 percent. The typical local road section will consist of a 28-
foot paved width with 2-foot gravel shoulders and 4:1 slopes to 2.5-foot ditches.

On-site drainage facilities will consist of roadside ditches, grass-lined channels, and culverts.
Hydraulic calculations for preliminary sizing of major on-site drainage facilities are enclosed in
Appendix B, and design criteria are summarized as follows:

1. Culverts

The internal road system has been graded to drain roadside ditches to low points along the
road profile, where cross-culverts will convey developed flows into grass-lined channels
following historic drainage paths. Culvert pipes have been specified as reinforced concrete
pipe (RCP) with a minimum diameter of 18-inches.

JA111604.abert-ranch\admin\FDR .abert-ranch.doc 8
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Culvert sizes have been identified based on a maximum headwater-to-depth ratio (HW/D)
of 1.0 for the minor (5-year) design storm. Final culvert design calculations were performed
utilizing the FHWA HY-8 software package to perform a detailed analysis of inlet and
outlet control conditions, meeting El Paso County criteria for allowable overtopping. HY8
calculation results are summarized in the “Culvert Sizing Summary” Table in Appendix D1.
Riprap outlet protection will be provided at all culverts.

2. Open Channels

Drainage easements will be dedicated along major drainage channels following historic
drainage paths through the subdivision. These channels will generally be grass-lined
channels designed to convey 100-year flows, with a trapezoidal cross-section, variable
bottom width and depth, 4:1 maximum side slopes, 1-foot freeboard, and a minimum slope
of 0.5 percent.

The proposed drainage channels have been sized utilizing Manning’s equation for open
channel flow, assuming a friction factor (“n”) of 0.030 for dry-land grass channels.
Maximum allowable velocities will be evaluated, based on El Paso County drainage criteria,
typically allowing for a maximum 100-year velocity of 5 feet per second. Erosion control
mats have been specified for channel segments with maximum 100-year velocities up to 8
feet per second. The proposed channels will generally be seeded with native grasses for
crosion control. Erosion control mats, ditch checks, and/or riprap channel lining will be
provided where required based on erosive velocities. Ditch flows will be diverted to
drainage channels at the nearest practical location to minimize excessive roadside ditch
sizes. Detailed channel hydraulic calculations are enclosed in Appendix B.

Primary drainage swales crossing proposed lots have been placed in drainage easements,
with variable widths based on the required channel sections.

F. Anticipated Drainage Problems and Solutions

The proposed stormwater Detention Pond I has been designed to mitigate the impacts of developed
drainage from this project. The overall drainage plan for the subdivision includes a system of
roadside ditches, channels, and culverts to convey developed flows through the site. The primary
drainage problems anticipated within this development will consist of maintenance of these
drainage channels, culverts, and detention pond facilities. Care will need to be taken to implement
proper erosion control measures in the proposed roadside ditches, channels, and swales.
Ditches will be designed to meet allowable velocity criteria. Erosion control mats, ditch checks,
and riprap channel lining will be installed where necessary to minimize erosion concerns. Proper
construction and maintenance of the proposed detention facilities will minimize downstream
drainage impacts. Public roadway improvements and ditches within the public right-of-way will be
owned and maintained by El Paso County. The proposed stormwater detention pond and drainage
channels located within open space tracts will be owned and maintained by the subdivision HOA.

J:A111604.abert-ranch\admin\FDR .abert-ranch.doc 9




VI. EROSION/SEDIMENT CONTROL

The Contractor will be required to implement Best Management Practices (BMP’s) for erosion
control through the course of construction. Sediment control measures will include installation
of silt fence at the toe of disturbed slopes and hay bales protecting drainage ditches. Cut slopes
will be stabilized during excavation as necessary and vegetation will be established for
stabilization of disturbed areas as soon as possible. All ditches will be designed to meet El Paso
County criteria for slope and velocity. The proposed detention pond will serve as a sediment basin
during the construction phase of the project.

VII. COST ESTIMATE AND DRAINAGE FEES

A cost estimate for proposed drainage improvements is enclosed in Appendix E, with a total
estimated cost of approximately $54,620 for subdivision drainage improvements. The developer
will finance all construction costs for proposed roadway and drainage improvements, and public
facilities will be owned and maintained by El Paso County upon final acceptance. Private
drainage facilities will be owned and maintained by the subdivision HOA.

This parcel is located in the East Cherry Creek Draihage Basin. No drainage and bridge fees will
be due at time of recordation of the final plat as the subject site is not located in a fee basin.

VIII. SUMMARY

Abert Ranch is a proposed residential subdivision consisting of 10 lots on a 40.4-acre parcel
located between Grandview Subdivision and Settlers Ranch Subdivision on the west side of
Steppler Road in northeastern El Paso County. Development of the proposed Abert Ranch
Subdivision will generate an increase in developed runoff from the site, which will be mitigated
through construction of on-site stormwater detention facilities. The proposed drainage patterns
will remain consistent with historic conditions, and new drainage facilities constructed to El Paso
County standards will safely convey runoff to suitable outfalls. Based on the on-site stormwater
detention concept, no new downstream drainage facilities are proposed.

The proposed detention pond will ensure that overall developed flows from the Abert Ranch
Subdivision remain consistent with historic levels. Construction and proper maintenance of the
proposed drainage and erosion control facilities will ensure that this subdivision has no
significant adverse drainage impact on downstream or surrounding areas.

IA11604.abert-ranch\admin\FDR.abert-ranch.doc 10




APPENDIX A

HYDROLOGIC CALCULATIONS
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

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

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

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

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

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

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require




alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.

Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that

share common characteristics related to physiography, geology, climate, water

resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.

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

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

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

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

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

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

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

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

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.




Soil Map

The soll map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION
Area of Interest (AQ}) i Spoil Area The soil surveys that comprise your AOl were mapped at
o Area of Interest (AOI) ;\_ Stony Spot 1:24,000.
Soils i Very Stony Spot . " :
M Soll Map Unit Palygons iha Warning: Soil Map may not be valid at this scale.
o i Wet Spot
-~ Soll Map Unit Lines i Enlargement of maps beyond the scale of mapping can cause
o Soil Map Unit Points A Other misunderstanding of the detall of mapping and accuracy of soil
. Speclal Line Features line placement. The maps do not show the small areas of
Speclal Polnt Features conlrasting soils that could have been shown at a more detailed
3 Blowout Water Features scale,
Streams and Canals
Borrow Pit . f
» Transportation Please rely on the bar scale on each map sheet for map
4 Clay Spot o Rails measurements.
Closed Daprassian " Interstate Highways

“/  Gravel Pit Source of Map: Natural Resources Gonservation Service
p4 ravel B s US Routes Web Soil Survey URL:

Gravelly Spot Coordinate System: Web Mercator (EPSG:3857)

Major Roads
Landfilt Local Roads Maps from the Web Soil Survey are based on the Web Mercator
Lava Flow Background projection, which preserves direction and shape but distorts
ackgraun X distance and area. A projection that preserves area, such as the
Marsh or swamp Aerial Photography Albers equal-area conic projection, should be used if more
Mine or Quarry accurate calculations of distance or area are required,
Misceflaneous Water This product is generated from the USDA-NRCS certified data as
Perennial Water of the version date(s) listed below.
Rock Qutcrop Soil Suivey Area:  El Paso Gounty Area, Colorado
. Saline Spot Survey Area Data: Verslon 14, Sep 23, 2016
Sandy Spot Soil map units are labeled (as space allows) for map scales
s Severely Eroded Spot 1:50,000 or larger.
Sinkholo Date(s) aerial images were photographed: Apr 15, 2011—Sep
i Slide or Slip 22,201
& Sodic Spat The orthaphoto or other base map on which the soil lines were

compiled and digltized probably differs from the background
imagery displayed on these maps. As a resull, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend

El Paso County Area, Colorado (C0625)

Map Unit Symbol

Map Unit Name

. Acres in AOI Percent of AOI
67 Peyton sandy loam, 5to 9 41.4 100.0%
percent slopes
Totals for Area of Interest 41.4 100.0%

Map Unit Descriptions

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

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils, Within a taxonomic

class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some

observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made

up of the soils or miscellaneous areas for which it is named and some minor

components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned'in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different

management. These are called contrasting, or dissimilar, components. They

generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a

given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not

mentioned in the descriptions, especially where the pattern was so complex that it

was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape. '

The presence of minor components in a map unit in no way diminishes the

usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
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onsite investigation is needed to define and locate the soils and miscellaneous
areas.

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

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

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

12




Custom Soil Resource Report

El Paso County Area, Colorado

67—Peyton sandy loam, 5 to 9 percent slopes

Map Unit Setting
National map unit symbol: 369d
Elevation: 6,800 to 7,600 feet
Mean annual air temperature. 43 to 45 degrees F
Frost-free period: 115 to 125 days
Farmland classification: Not prime farmland

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

Description of Peyton

Setting
Landform: Hills
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Arkosic alluvium derived from sedimentary rock and/or arkosic
residuum weathered from sedimentary rock

Typical profile
A-0to 12 inches: sandy loam
Bt - 12 to 25 inches: sandy clay loam
BC - 25 to 35 inches: sandy loam
C - 35to 60 inches: sandy loam

Properties and qualities
Slope: 5 to 9 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained '
Runoff class: Medium

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20

to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Avallable water storage in profile: Moderate (about 7.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B o
Ecological site: Sandy Divide (R049BY216CO)
Hydric soil rating: No

Minor Components

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

13
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Pleasant
Percent of map unit:
Landform: Depressions
Hydric soil rating: Yes

14
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Chapter 6 Hydrology

Table 6-6. Runoff Coefficients for Rational Method
(Source: UDFCD 2001)

Land Use or Surface Percant Runoff Coeffidents
Characterlstics impewious 2.year S-year 10-year 25-year 50-year 100-year
H5G AGB | H5G €aD | HSG ARB | HSG C&D | HSGAGB | HSG C&D | HSG AR | HSG CED | H5G ABS | HSG CBD | HSG ARSB | HSG CRD
Business
Commercial Areas 95 0.79 0.80 0.81 0.82 0.83 0,84 0.85 0.87 0.87 0.88 0.88 0.89
Neighborhood Areas 70 0.45 0.49 0.49 0,53 0.53 0.57 0.58 0.62 0.60 0.65 0.62 0.68
Resldential
1/8 Acre or less 65 0.41 0.45 0.45 0.49 0.49 0.54 0.54 0.59 0.57 0.62 0.59 0.65
1/4 Acre 40 0.23 0,28 0.30 0.35 036 .| 042 0.42 0.50 0.46 0.54 0.50 0.58
1/3 Acre 30 0.18 0.22 0.25 0,30 0.32 0.38 0.39 0.47 0.43 0.52 0.47 0.57
1/2 Acre 25 0.15 0.20 0.22 0.28 030 | 038 0.37 0.46 0.41 0.51 0.46 0.56
1Acre 20 0.12 0.17 0.20 0.26 0.27 0.34 0.35 0.44 0.40 0.50 0.44 0.55
Industrial .
Light Areas 80 0.57 0,60 0,59 0.63 0.63 0.66 0,66 0,70 0.68 0.72 0.70 0,74
Heavy Areas 20 0.71 0.73 0.73 0,75 0.75 0.77 0,78 0.80 0.80 0.82 0.81 0.83
Parks and Cemeteries 7 0.05 0.09 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0,39 0.52
’iaygrounds 13 0.07 0.13 0,16 0.23 0.24 0,31 0.32 0,42 0.37 0.48 0.41 0.54
Rallroad Yard Areas 30 0.23 0.28 0.30 0,35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0,58

Undeveloped Areas
Historle Flow Analysis--

Greenbeits, Agriculture 0.03 0.05 0.16 '0.17 0.26 0.26 0,38 0.31 0.45 0.51

Pasture/Meadow 0 0.02 0,04 015 0.15 0.25 0.25 0.37 0.30 0,44 0.50

Forest 0 0.02 0.04 015 0.15 0.25 0.25 037 0.30 0.44 0,50

Exposed Roek 100 0.89 0.89 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 096

Offsite Flow Analysis {(when a5 ]

landuse is undefined) 026 0.31 0.32 0.37 0.38 0.44 0.44 0.51 0,43 0,55 051 0,59
Streets

Paved 0.89 0.89 0,90 0,92 0.92 0.94 0.94 0.95 095 0.96

Gravel 0,57 0.60 0,63 0.63 0.66 0.66 0.70 0.68 072 0.74
Drive and Walks 100 0.89 0.89 0.90 0.90 0.92 092 0.94 0.94 0.95 0,95 0.96 0.96
Roofs 90 0.71 0.73 0.73 0,75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83
Lawns 0! 0.02 0.04 6,087 | 015 0.15 0.25 0.25 0,37 0.30 044 | 0351 | os0

3.2 Time of Concentration

One of the basic assumptions underlying the Rational Method is that runoff is a function of the average
rainfall rate during the time required for water to flow from the hydraulically most remote part of the
drainage area under consideration to the design point. However, in practice, the time of concentration can
be an empirical value that results in reasonable and acceptable peak flow calculations.

For urban areas, the time of concentration (¢,) consists of an initial time or overland flow time (#;) plus the
travel time (#,) in the storm sewer, paved gutter, roadside drainage ditch, or drainage channel. For non-
urban areas, the time of concentration consists of an overland flow time (#;) plus the time of travel in a
concentrated form, such as a swale or drainageway. The travel portion (#,) of the time of concentration
can be estimated from the hydraulic properties of the storm sewer, gutter, swale, ditch, or drainageway.
Initial time, on the other hand, will vary with surface slope, depression storage, surface cover, antecedent
rainfall, and infiltration capacity of the soil, as well as distance of surface flow. The time of concentration
is represented by Equation 6-7 for both urban and non-urban areas.

May 2014 City of Colorado Springs 6-17
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Hydrology Chapter 6

t, =1, +1, (Eq. 6-7)

Where:
f. = time of concentration (min)
t; = overland (initial) flow time (min)

f; = travel time in the ditch, channel, gutter, storm sewer, etc. (min)
3.2.1 Overland (Initial) Flow Time

The overland flow time, 1, may be calculated using Equation 6-8.

0.395(1.1-C, WL
ti = S0,33
Where:

(Eq. 6-8)

f; = overland (initial) flow time (min)

Cs = runoff coefficient for 5-year frequency (see Table 6-6)

L = length of overland flow (300 ft maximum for non-urban land uses, 100 ft maximum for
urban land uses)

S = average basin slope (fi/ft)

Note that in some urban watersheds, the overland flow time may be very small because flows quickly
concentrate and channelize.

3.2.2 Travel Time

For catchments with overland and channelized flow, the time of concentration needs to be considered in
combination with the travel time, #, which is calculated using the hydraulic properties of the swale, ditch,
or channel. For preliminary work, the overland travel time, ¢, can be estimated with the help of Figure 6-
25 or Equation 6-9 (Guo 1999).

V= C\'SWO'S (EC] 6—9)
Where:

V= velocity (ft/s)

C, = conveyance coefficient (from Table 6-7)

S, = watercourse slope (fi/ft)

6-18 City of Colorado Springs May 2014
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Table 6-7. Conveyance Coefficient, C,

Type of Land Surface C,
Heavy meadow 2.5
Tillage/field 5
Riprap (not buried)” 6.5
Short pasture and lawns 7
Nearly bare ground 10
Grassed waterway 15
Paved areas and shallow paved swales 20

" For buried riprap, select C, value based on type of vegetative cover.

The travel time is calculated by dividing the flow distance (in feet) by the velocity calculated using
Equation 6-9 and converting units to minutes.

The time of concentration (#.) is then the sum of the overland flow time (#;) and the travel time (#) per
Equation 6-7.

3.2.3 First Design Point Time of Concentration in Urban Catchments

Using this procedure, the time of concentration at the first design point (typically the first inlet in the
system) in an urbanized catchment should not exceed the time of concentration calculated using Equation
6-10. The first design point is defined as the point where runof first enters the storm sewer system.

L
t =-—+10 Eq. 6-10
T (Eq )

Where:

f. = maximum time of concentration at the first design point in an urban watershed (min)

L = waterway length (ft)

Equation 6-10 was developed using the rainfall-runoff data collected in the Denver region and, in essence,
represents regional “calibration” of the Rational Method. Normally, Equation 6-10 will result in a lesser
time of concentration at the first design point and will govern in an urbanized watershed. For subsequent
design points, the time of concentration is calculated by accumulating the travel times in downstream
drainageway reaches.

324 Minimum Time of Concentration

If the calculations result in a £. of less than 10 minutes for undeveloped conditioris, it is recommended that
a minimum value of 10 minutes be used. The minimum ¢, for urbanized areas is 5 minutes.

3.2.5 Post-Development Time of Concentration
As Equation 6-8 indicates, the time of concentration is a function of the 5-year runoff coefficient for a

drainage basin. Typically, higher levels of imperviousness (higher 5-year runoff coefficients) correspond
to shorter times of concentration, and lower levels of imperviousness correspond to longer times of

May 2014 City of Colorado Springs 7 6-19
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Figure 6-5. Colorade Springs Rainfall Intensity Duration Frequency

Drainage Criteria Manual, Volume 1
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Hydraulic Analysis Report

Project Data

Project Title: Abert Ranch

Designer: JPS

Project Date: Sunday, March 26, 2017
Project Units: U.S. Cu‘stomary Units
Notes:

Channel Analysis: Silver-Nell-Dr-1040-1425-N

Notes: Ditch Analysis

Input Parameters

Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope; 0.0376 fi/ft
Manning's n:  0.0300

Flow: 2.5000 cfs

Result Parameters

Depth: 0.4533 ft

Area of Flow: 0.7191 ft"2

Wetted Perimeter; 3.3023 ft

Hydraulic Radius: 0.2178 ft

Average Velocity: 3.4765 ft/s

Top Width: 3.1729 ft

Froude Number: 1.2869

Critical Depth: 0.5035 ft

Critical Velocity: 2.8179 ft/s

Critical Slope: 0.0215 ft/ft

Critical Top Width: 3.60 ft

Calculated Max Shear Stress: 1.0635 Ib/ftA2
Calculated Avg Shear Stress: 0.5109 Ib/ft*2




Channel Analysis: SND-1040-1425-S
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1); 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
, Longitudinal Slope: 0.0376 ft/ft
‘ Manning's n:  0.0300
: Flow: 7.1000 cfs

Result Parameters
Depth: 0.6704 ft
Area of Flow: 1.5732 ft*2
Wetted Perimeter: 4.8844 ft
Hydraulic Radius: 0.3221 ft
Average Velocity: 4.5131 ft/s
Top Width: 4.6931 ft
Froude Number: 1.3737
Critical Depth: 0.7644 ft
Critical Velocity: 3.4721 ft/s
Critical Slope: 0.0187 ft/ft
Critical Top Width: 5.46 ft
Calculated Max Shear Stress: 1.5730 Ib/ft"2
Calculated Avg Shear Stress: 0.7557 Ib/fir2




Channel Analysis: Abert-Ranch-Dr-1058-1315-E
Notes: Ditch Analysis

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope: 0.0625 ft/ft
Manning's n.  0.0300
Flow: 0.8000 cfs

Result Parameters
Depth: 0.2688 ft
Area of Flow: 0.2529 ft"2
Wetted Perimeter: 1.9582 ft
Hydraulic Radius: 0.1291 ft
Average Velocity: 3.1637 ft/s
Top Width; 1.8815 ft
Froude Number: 1.5208
Critical Depth: 0.3192 ft
Critical Velocity: 2.2436 ft/s
Critical Slope: 0.0250 ft/ft
Critical Top Width: 2.28 ft
Calculated Max Shear Stress: 1.0483 Ib/ft"2
Calculated Avg Shear Stress: 0.5036 |b/ft"2



Channel Analysis: ARD-1058-1315-W
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope: 0.0625 ft/ft
Manning's n:  0.0300
Flow: 3.1000 cfs

Result Parameters
Depth: 0.4467 ft
Area of Flow: 0.6984 ft"2
Wetted Perimeter: 3.2544 ft
Hydraulic Radius: 0.2146 ft
Average Velocity: 4.4387 ft/s
Top Width: 3.1269 ft
Froude Number: 1.6552
Critical Depth: 0.5487 ft
Critical Velocity: 2.9418 ft/s
Critical Slope: 0.0209 ft/ft
Critical Top Width: 3.92 ft
Calculated Max Shear Stress: 1.7421 |b/ft"2
Calculated Avg Shear Stress: 0.8369 Ib/ft*2




Channel Analysis: ARD-1355-1622-E
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope: 0.0460 ft/ft
Manning's n:  0.0300
Flow: 3.2000 cfs

Result Parameters
Depth: 0.4788 ft
Area of Flow: 0.8024 ft"2
Wetted Perimeter. 3.4882 ft
Hydraulic Radius: 0.2300 ft
Average Velocity: 3.9883 ft/s
Top Width: 3.3516 ft
Froude Number: 1.4365
Critical Depth: 0.5557 ft
Critical Velocity: 2.9605 ft/s
Critical Slope: 0.0208 ft/ft
Critical Top Width: 3.97 ft
Calculated Max Shear Stress: 1.3743 Ib/ft"2
Calculated Avg Shear Stress: 0.6602 Ib/ft"2




Channel Analysis: ARD-1355-1622-W
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (21): 4.0000 ft/it
Side Slope 2 (Z22): 3.0000 ft/ft
Longitudinal Slope: 0.0460 ft/ft
Manning's n.  0.0300
Flow: 9.8000 cfs

Result Parameters
Depth: 0.7285 ft
Area of Flow: 1.8575 "2
Wetted Perimeter; 5.3074 ft
Hydraulic Radius: 0.3500 ft
Average Velocity. 5.2760 ft/s
Top Width: 5.0995 ft
Froude Number: 1.5406
Critical Depth: 0.8695 ft
Critical Velocity: 3.7032 ft/s
Critical Slope: 0.0179 ft/ft
Critical Top Width: 6.21 ft
Calculated Max Shear Stress: 2.0911 Ib/ft"2
Calculated Avg Shear Stress: 1.0046 ib/ft?2



Channel Analysis: ARD-1622-1739-E
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope: 0.0200 ft/ft
Manning's n;  0.0300
Flow: 3.2000 cfs

Result Parameters
Depth:; 0.5597 ft
Area of Flow: 1.0965 ftA2
Wetted Perimeter: 4.0778 ft
Hydraulic Radius: 0.2689 ft
Average Velocity; 2.9184 ft/s
Top Width: 3.9181 ft
Froude Number: 0.9722
Critical Depth: 0.5557 ft
Critical Velocity: 2.9605 ft/s
Critical Slope: 0.0208 ft/ft
Critical Top Width: 3.97 ft
Calculated Max Shear Stress; 0.6985 Ib/ft"2
Calculated Avg Shear Stress: 0.3356 ib/ft2




Channel Analysis: ARD-1622-1739-W
Notes:

input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope: 0.0200 ft/ft
Manning's n:  0.0300
Flow: 6.1000 cfs

Result Parameters
Depth: 0.7129 ft
Area of Flow: 1.7789 #/2
Wetted Perimeter: 5.1939 ft
Hydraulic Radius: 0.3425 ft
Average Velocity: 3.4291 fi/s
Top Width: 4.9904 ft
Froude Number: 1.0122
Critical Depth: 0.7193 ft
Critical Velocity: 3.3682 ft/s
Critical Slope: 0.0191 ft/ft
Critical Top Width: 5.14 ft
Calculated Max Shear Stress: 0.8897 1b/ft"2
Calculated Avg Shear Stress: 0.4274 Ib/ft?2



Channel Analysis: ARD-1739-2599-N
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope: 0.0500 ft/ft
Manning's n:  0.0300
Flow: 37.0000 cfs

Result Parameters
Depth: 1.1803 ft
Area of Flow; 4.8761 ft"2
Wetted Perimeter. 8.5991 ft
Hydraulic Radius: 0.5670 ft
Average Velocity: 7.5880 ft/s
Top Width: 8.2623 ft
Froude Number: 1.7407
Critical Depth: 1.4794 ft
Critical Velocity: 4.8303 ft/s
Critical Slope: 0.0150 ft/ft
Critical Top Width: 10.57 ft
Calculated Max Shear Stress: 3.6826 [b/ft"2
Calculated Avg Shear Stress: 1.7692 Ib/ft2




Channel Analysis: ARD-1739-25699-3
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 f/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Siope: 0.0500 ft/ft
Manning's n:  0.0300
Flow: 6.4000 cfs

Result Parameters
Depth: 0.6113 ft
Area of Flow: 1.3078 ftA2
Wetted Perimeter; 4.4535 ft
Hydraulic Radius: 0.2937 ft
Average Velocity: 4.8935 ft/s
Top Width: 4.2790 ft
Froude Number: 1.5599
Critical Depth: 0.7333 ft
Critical Velocity: 3.4007 ft/s
Critical Slope: 0.0189 ft/ft
Critical Top Width: 5.24 ft
Calculated Max Shear Stress; 1.9072 Ib/ft"2
Calculated Avg Shear Stress: 0.9163 Ib/ft"2




Channel Analysis: ARD-2599-2841-N
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope: 0.0200 ft/ft
Manning's n:  0.0300
Flow: 7.4000 cfs

Result Parameters
Depth: 0.7665 ft
Area of Flow: 2.0562 ft*2
Wetted Perimeter: 5.5841 ft
Hydraulic Radius: 0.3682 ft
Average Velocity: 3.5988 ft/s
Top Width: 5.3654 ft
Froude Number: 1.0245
Critical Depth: 0.7771 ft
Critical Velocity: 3.5009 ft/s
Critical Slope: 0.0186 ft/ft
Critical Top Width: 5.55 ft
Calculated Max Shear Stress: 0.9566 Ib/ft"2
Calculated Avg Shear Stress: 0.4596 1b/ft"2




Channel Analysis: ARD-2599-2841-S
Notes:

Input Parameters
Channel Type: Triangular
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 3.0000 ft/ft
Longitudinal Slope: 0.0200 ft/ft
Manning's n:  0.0300
Flow: 3.2000 cfs

Result Parameters
Depth: 0.5597 ft
Area of Flow: 1.0965 ft"2
Wetted Perimeter: 4.0778 ft
Hydraulic Radius: 0.2689 ft
Average Velocity: 2.9184 ft/s
Top Width: 3.9181 ft
Froude Number; 0.9722
Critical Depth: 0.5557 ft
Critical Velocity: 2.9605 ft/s
Critical Slope: 0.0208 fu/ft
Critical Top Width: 3.97 ft
Calculated Max Shear Stress: 0.6985 Ib/ft"2
Calculated Avg Shear Stress: 0.3356 Ib/ft"2




Channel Analysis: Channel Analysis-H
Notes:

Input Parameters
Channel Type: Trapezoidal
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 4.0000 ft/ft
Channel Width: 20.0000 ft
Longitudinal Slope: 0.0690 ft/ft
Manning's n:  0.0300
Flow: 24.5000 cfs

Result Parameters
Depth: 0.2400 ft
Area of Flow: 5.0307 ft"2
Wetted Perimeter: 21.9792 ft
Hydraulic Radius: 0.2289 ft
Average Velocity: 4.8701 ft/s
Top Width; 21,9201 ft
Froude Number: 1.7915
Critical Depth: 0.3511 ft
Critical Velocity: 3.2600 ft/s
Critical Slope: 0.0191 ft/ft
Critical Top Width: 22.81 ft
Calculated Max Shear Stress: 1.0334 Ib/ft"2
Calculated Avg Shear Stress; 0.9855 Ib/ft*2




Channel Analysis: Channel Analysis-I
Notes:

Input Parameters
Channel Type: Trapezoidal
Side Slope 1 (Z1): 4.0000 ft/ft
Side Slope 2 (Z2): 4.0000 ft/ft
Channel Width: 40.0000 ft
Longitudinal Slope: 0.0320 fi/ft
Manning's n:  0.0300
Flow: 64.4000 cfs

Result Parameters
Depth: 0.3570 ft
Area of Flow: 14.7890 ft*2
Wetted Perimeter. 42.9437 ft
Hydraulic Radius: 0.3444 ft
Average Velocity: 4.3546 ft/s
Top Width; 42.8559 ft
Froude Number: 1.3083
Critical Depth: 0.4257 ft
Critical Velocity: 3.6272 ft/s
Critical Slope: 0.0177 ft/ft
Critical Top Width: 43.41 ft
Calculated Max Shear Stress: 0.7128 Ib/ft*2
Calculated Avg Shear Stress: 0.6877 Ib/ft*2
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HY-8 Culvert Analysis Report




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 2.5 cfs
Design Flow: 10.2 cfs
Maximum Flow: 15 cfs




Table 1 - Summary of Culvert Flows at Crossing: Culvert-E

Headwatt(afrt)EIevauon Total Discharge (cfs) Culvert I(chlzl)scharge Roadwa()é fIz;scharge lterations
7613.83 2.50 2.50 0.00 1
7614.05 3.75 3.75 0.00 1
7614.24 5.00 5.00 0.00 1
7614.42 6.25 6.25 0.00 1
7614.60 7.50 7.50 0.00 1
7614.81 8.75 8.75 0.00 1
7615.04 10.00 10.00 0.00 1
7615.08 10.20 10.20 0.00 1
7615.61 12.50 12.50 0.00 1
7615.71 13.75 12.84 0.79 11
7615.73 15.00 12.88 2.04 4
7615.69 12.78 12.78 0.00 Overtopping




Table 2 - Culvert Summary Table: Culvert E

c

Total | Culvert |Headwat] lnlet - Outlet Nommal | Critical | Outlet | Taiwate | Outiet | T2Wate
. ! er Control | Control | Flow y r
Discharg | Discharg Elevatio | Depth Depth | Type Depth Depth Depth | rDepth | Velocity Velocity
elcfs) | eefs) | " ) ® ) () (f) () (#s) | “ee)
2.50 2.50 7613.83 | 0.828 0.0* 1-S2n| 0.494 0.596 0.499 0.176 4.847 3.022
3.75 3.75 7614.05 | 1.050 0.265 }1-S2n| 0617 0.740 0.617 0,222 5472 3.461
5.00 5.00 761424 | 1.239 0.509 |1-S2n| 0.727 0.856 0.727 0.261 5.896 3.799
6.25 6.25 761442 | 1.416 0.779 |1-S2n| 0.832 0.961 0.832 0.296 6.209 4.080
7.50 7.50 761460 | 1.602 1.078 |[5-S2n{ 0.936 1.057 0.936 0.327 6.469 4.319
8.75 8.75 7614.81 1.806 1.579 |5-S2n| 1.046 1.141 1.048 0.356 6.643 4.530
10.00 10.00 | 7615.04 | 2.040 1.892 |5-S2n| 1.172 1.218 1.172 0.383 6.763 4.718
10.20 10.20 | 7615.08 | 2,080 1.945 |5-S2n| 1.194 1.229 1.194 0.387 6.774 4.747
12,50 12,50 | 7615.61 2.609 2.599 7'?}2 1.500 1.333 1.333 0.432 7.533 5.046
13.75 12.84 | 7615.71 2.696 2,710 7‘(“:"2 1.5600 1.345 1.345 0.455 7.682 5.191
16.00 12,88 | 761573 | 2707 2.727 7-M2 1.500 1.347 1.347 0.477 7.700 5327




* Full Flow Headwater elevation is below inlet invert.

Straight Culvert
Inlet Elevation (invert): 7613.00 ft,  Outlet Elevation (invert): 7612.36 ft
Culvert Length: 64.00 ft,  Culvert Slope: 0.0100

Site Data - Culvert E
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 7613.00 ft
Outlet Station: 64.00 ft
Outlet Elevation: 7612.36 ft
Number of Barrels: 1

Culvert Data Summary - Culvert E
Barrel Shape: Circular
Barrel Diameter: 1.50 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0130
Culvert Type: Straight
Inlet Configuration: Grooved End Projecting
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: Culvert-E)

Flow (cfs) Wag;\?‘(’gace Depth (ft Velocity (f's) | Shear (psf) | Froude Number
250 7612.54 0.18 3.02 0.50 1.36
3.75 7612.58 0.22 3.46 0.64 141
5.00 7612.62 0.26 3.80 0.75 144
6.25 7612.66 0.30 4.08 0.85 147
750 7612.60 0.33 432 0.94 149
8.75 7612.72 0.36 453 102 1.50
10.00 7612.74 0.38 472 110 1.52
10.20 7612.75 0.39 475 KE 152
12.50 7612.79 0.43 5.05 124 154
13.75 7612.82 0.46 5.19 131 1.55
15.00 7612.84 0.48 5.33 137 1.56

Tailwater Channel Data - Culvert-E
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 4.00 ft
Side Slope (H:V): 4.00 (_:1)
Channel Slope: 0.0460
Channel Manning's n:  0.0300
Channel Invert Elevation: 7612.36 ft

Roadway Data for Crossing: Culvert-E
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 7615.69 ft
Roadway Surface: Paved
Roadway Top Width: 32.00 ft




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 5.9 cfs
Design Flow: 24.5 cfs
Maximum Flow: 35 cfs



Table 4 - Summary of Culvert Flows at Crossing: Culvert-f

Headwatt(a;t)Elevatlon Total Discharge (cfs) Culvert Z:Cfts)l)scharge Roadwa()(/3 f|IS);scharge lterations
7605.37 5.90 5.90 0.00 1
7605.82 8.81 8.81 0.00 1
7606.42 11.72 11.72 0.00 1
7607.01 14.63 13.72 0.79 34
7607.04 17.54 13.81 3.61 5
7607.07 20.45 13.89 6.46 4
7607.09 23.36 13.95 9.36 4
7607.10 24.50 13.98 10.46 3
7607.13 29.18 14.05 15.00 3
7607.14 32.09 14.10 17.93 3
7607.16 35.00 14.15 20.82 3
7606.99 13.66 13.66 0.00 Overtopping




Table 5 - Culvert Summary Table: Culvert F

c

Total | Culver |H6adwat| lInlet - Outiet Normal | Critical | Outlet | Tailwate | Outiet | FAiwate
Discharg | Discharg | £, o . %‘:‘;{ﬁ‘ %‘;”;t’ﬁ' %‘;";’ Depth | Depth | Depth | rDepth | Velocity Vel;cuy
efcfs) | e(cfs) | @) ) @) (f (f) (ft) () (ft/s) (#s)
590 | 590 |760537| 1367 | 00° |1-S2n| 0.803 | 0.934 | 0807 | 0.360 | 6.089 | 3.008
881 | 881 |760582| 1817 | 1593 |552n| 1052 | 1144 | 1.054 | 0448 | 6.650 | 3.395
172 | 1172 |7608.42 | 2416 | 2300 |"M2| 1500 | 1302 | 1.302 | 0522 | 7.183 | 3691
1463 | 1372 |7607.01| 2938 | 3.000 | M2 4500 | 1974 | 1974 | o586 | 092 | 3904
17.54 | 1381 |7607.04 | 2084 | 3043 | "M2| 4500 | 1078 | 1976 | 0644 | 8135 | 4142
2045 | 1389 | 7607.07 | 2985 | 3060 | ‘M2 | 1500 | 1378 | 1378 | 0697 | 8A71 | 4325
2336 | 13.95 |7607.00| 3.003 | 3000 | 7M1 1500 | 1380 | 1380 | 0745 | 8201 | 4.488
2450 | 13.98 | 760710 | 3012 | 3088 | "™M2| 4500 | 1381 | 1381 | 0764 | 8216 | 4.548
2018 | 14.05 |7607.13| 3034 | 3127 | “M2| 1500 | 1383 | 1383 | 0834 | 8253 | 4772
3209 | 14.10 |7607.14 | 3048 | 3144 | "M2| 1500 | 1384 | 1384 | 0874 | 8278 | 4898
35.00 | 14.15 |7607.16 | 3062 | 3461 | M2 | 4500 | 1.385 | 1.385 | 0912 | 8301 | 5015




* Full Flow Headwater elevation is below inlet invert.

Site Data - Culvert F
Site Data Option:

Straight Cuivert

Inlet Elevation (invert): 7604.00 ft,
Culvert Length; 64.00 ft,

Outlet Elevation (invert): 7603.36 ft
Culvert Slope: 0.0100

Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 7604.00 ft
Outlet Station: 64.00 ft

Outlet Elevation:

7603.36 ft
Number of Barrels:

Culvert Data Summary - Culvert F
Barrel Shape: Circular

Barrel Diameter:
Barrel Material:

1.50 ft
Concrete
Embedment: 0.00in

Barrel Manning's n:  0.0130

Culvert Type: Straight

Inlet Configuration:

Inlet Depression:

Grooved End Projecting
NONE




Table 6 - Downstream Channel Rating Curve (Crossing: Culvert-F)

Flow (cfs) Wa:ze‘;\? l(Jfrt;ace Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
5.90 7603.72 0.36 3.01 0.45 0.99
8.81 7603.81 0.45 3.39 0.56 1.02
11.72 7603.88 0.52 3.69 0.65 1.04
14.63 7603.95 0.59 3.93 0.73 1.06
17.54 7604.00 0.64 4.14 0.80 1.07
20.45 7604.06 0.70 4.32 0.87 1.08
23.36 7604.11 0.75 4.49 0.93 1.09
24,50 7604.12 0.76 4.55 0.95 1.10
29.18 7604.19 0.83 4.77 1.04 1.11
32.09 7604.23 0.87 4.90 1.09 1.12
35.00 7604.27 0.91 5.01 1.14 1.12

Tailwater Channel Data - Culvert-F
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 4.00 ft
Side Slope (H:V): 4.00 (_:1)
Channel Slope: 0.0200
Channel Manning's n: 0.0300
Channel Invert Elevation: 7603.36 ft

Roadway Data for Crossing: Culvert-F

Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft

Crest Elevation: 7606.99 ft
Roadway Surface: Paved
Roadway Top Width: 32.00 ft




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 14.6 cfs
Design Flow: 64.4 cfs
Maximum Flow: 80 cfs



Table 7 - Summary of Culvert Flows at Crossing: Crossing H

Headwat(efrt)EIevanon Total Discharge (cfs) Culvert I(-Lflg;scharge Roadwa()é fIz;scharge lterations
7570.83 14.60 14.60 0.00 1
7571.28 21.14 21.14 0.00 1
7571.73 27.68 27.68 0.00 1
7572.08 34.22 32.26 1.79 19
757214 40.76 32.91 7.62 5
7572.18 47.30 33.39 13.68 4
7572.22 53.84 33.81 19.91 4
7572.25 60.38 34.18 26.14 4
7572.27 64.40 34.39 29.88 3
7572.31 73.46 34.83 38.46 3
7572.33 80.00 35.12 44.80 3
7572.05 31.85 31.85 0.00 Overtopping




Table 8 - Culvert Summary Table: Culvert H

Total | Cuivert |Mfe2dwat] Inlet 1} Outiet Normal | Critical | Outiet | Tailwate | Outiet | T21%ate

. ! Control | Control | Flow . r
Discharg | Discharg er Depth Depth Depth | rDepth | Velocity .
Elevatio | Depth Depth | Type Velocity
e (cfs cfs ft ft ft ft ft/s
(cfs) | efcts) | Fpvale | Db | e W | | e | e | @ |V
1460 | 1460 | 757083 | 1.835 | 0.892 |1-S2n| 1026 | 1.287 | 1.049 | 0226 | 7.462 | 3,090
2114 | 2114 | 757128 | 2276 | 1434 |1-S2n| 1270 | 1560 | 1.300 | 0282 | 8194 | 3.554 Straight Culvert
2768 | 27.68 | 757173 | 2.726 | 2.034 |5S2n| 1503 | 1792 | 1.536 | 0.330 | 8756 | 3.930 "
3422 | 32.26 757; 08| 2083 | 27 : 5 zzn 671 | 1532 | 1890 | 0a75 | o0s | 450 | et Elevation (invert): 7569.00 ,
- : - : 774 15-S2n) 1 : : : ' : Outlet Elevation (invert): 7568.36
40.76 | 3291 | 757214 | 3138 | 2832 |552n| 1696 | 1.950 | 1.723 | 0415 | 9133 | 4532 ft
| 47.30 | 33.39 | 757218 | 3179 | 2.876 |5S2n| 1.714 | 1964 | 1741 | 0453 | 8163 | 4785 .
~ 53.84 | 33.81 | 757222 | 3.216 | 2.914 |5-82n| 1730 | 1.975 | 1.756 | 0489 | 9.187 | 5.013 Cgtllsg rtL(Se’l]c?“;: 34638 gt,
60.38 | 34.18 | 7572.25| 3248 | 2.948 |552n| 1744 | 1.985 | 1.770 | 0523 | 9.208 | 5226 pe: 8.
64.40 | 3439 | 757227 | 3266 | 2.967 |552n| 1752 | 1.991 | 1.778 | 0543 | 9.220 | 5.348 )
NN RARARANANRRANA Ak A AR T hdhh kA khhhkh
73.46 | 34.83 | 757231 | 3.305 | 3.008 |5-S2n| 1760 | 2002 | 1.794 | 0587 | 9.244 | 5604

80.00 | 3512 | 757233 | 3.332 3.036 |5-S2n| 1.780 2.010 1.805 0.617 9.261 5776

*hAk

WhAh

Site Data - Culvert H
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 7569.00 ft
Outlet Station: 64.00 ft
Outlet Elevation: 7568.36 ft
Number of Barrels: 1

Culvert Data Summary - Culvert H
Barrel Shape: Circular
Barrel Diameter: 2.50 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0130
Culvert Type: Straight
Inlet Configuration: Grooved End Projecting
Inlet Depression: NONE



Table 9 - Downstream Channel Rating Curve (Crossing: Crossing H)

Flow (cfs) Wageigsl(;fgace Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
14.60 7568.59 0.23 3.09 0.42 1.17
21.14 7568.64 0.28 3.55 0.53 1.21
27.68 7568.69 0.33 3.93 0.62 1.24
34.22 7568.73 0.37 4.25 0.70 1.27
40.76 7568.78 0.42 4.53 0.78 1.29
47.30 7568.81 0.45 478 0.85 1.30
53.84 7568.85 0.49 5.01 0.92 1.32
60.38 7568.88 0.52 5.23 0.98 1.33
64.40 7568.90 0.54 5.35 1.02 1.34
73.46 7568.95 0.59 5.60 1.10 1.36
80.00 7568.98 0.62 578 1.15 1.37

Tailwater Channel Data - Crossing H
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 20.00 ft
Side Slope (H:V): 4.00 (_:1)
Channel Slope: 0.0300
Channel Manning's n:  0.0300
Channel Invert Elevation: 7568.36 ft

Roadway Data for Crossing: Crossing H
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 7572.05 ft
Roadway Surface: Paved
Roadway Top Width: 32.00 ft



APPENDIX C

DETENTION POND CALLCULATIONS
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
Project: ABERT RANCH

Basin ID; |
20"3&(!!
AHEY
M
i Depth tncrement =} - 2.7 i1t
Oplionat Optional
ation ( Pond) Stage - Storage Stage Overrdde Length Width Area Override Area Valume
Description (ft) Stage (ft} {ft} (ft) (fh2) Area (f12) (acre: )
Required Volume Calculation Top of Micropool - 0.00 - - - 4,081 0.003
Selacted BMP Type =j:2:: EQH : : = - :2.00 - - - 9,856 0.222
Watershed Area =[17::185,107 " | acres E - 4.00 - - - 16,274 0.374 39,647 0010
Watershed Length = 2,800 1/ S - -1 8.00 - - - 25,480 0.585 81,401 1.869
Watershed Slope =|- -0.041" | f/it 100-YR WSL — a0 _ - - 35,000 0,803 141,881 3257
Watershed imperviousness = percent CTOR - 10.60 - - - 40,000 0.918 216,681 4,979
Percentage Hydralogic Sail Group A= szipercent i i G = - - - 5 :
Percentege Hydralogic Sail Group B =} 100,09 jpercent __” shmEe - o - - -
Percentage Hydrologic Soil Groups C/D =|:7:58.0%. 7 { percent L : - L — — -
Desired WQCV Drain Time =|::=:40.0 heurs 5 — SR - % - - -
Location for 1-hr Rainfafl Depths = User input : 7 kR - : - - -
Water Quality Capture Volume (WQCV) = 0.466 acre-fest Optionat User Override T - - - -
Excess Urban Runoff Volume (EURV) =}  0.759  [acre-feet  1-ht Precipitation = : - ~ — —

2-yr Runoff Volume {P1=1.194n.) = 0.514 acre-feet 4

5-yr Runoff Volume (P1 = 1.5 in 0.810 acre-feet LnA80

10-yr Runoff Volume (P1=1.75in}= 1.991 acre-feet A5

25-yr Runoff Valume (P1=2in.} = 5.505 acre-feet =2 .00

50-yr Runolf Volume (P1=2.25In.) = 7.841 acre-feet 26
100-yr Runoff Volume (P1=252in)=| 10.774 |acre-feet 280

500-yr Runoff Volume (P1 = 3.07 in.) = 16.088 acre-feet

Approximate 2-yr Detention Volume = 0.477 acre-feet i Sommean - - - - -
Approximate 5-yr Detention Volume = 0.758 acre-feet SR & - - e - - -
Approximate 10-yr Detention Volume = 1.686 acre-feat i : Co- R - - -
Approximate 25-yr Detention Volume = 2.410 acre-feet o : E - SRR - - -
Approximate 50-yr Detention Volume =|  2.510 acre-feet s B, - i - - -

Approximate 100-yr Detention

SR A
\ \

Stage-Storage Calculation

Zone 1 Volumef(WQCV) = 0.466

Zone 2 Volume (100-year

ne 1) = 2.805

Select Zone 3 Storage Volume (Pptional) =

Total Detention Best lyme = \ 3,252
Initial Surcharge Volume (IS’ & {2 et

Initial Surcharge Depth (ISD} = teeri g G i - i - _

Total Available Datention Depth {Hyger) = Hser s i — : - — -

Depth of Trickle Channel (Hyc) =§:75 tger i i 5 S - - - -

Slope of Trickle Channel {Src) =} iber | gt - - L o - - -

Slopes of Main Basin Sides (Spu) = USEr:: . |y . : - e - —~ -

Basin Length-to-Width Ratio (R = 111 aai - - - -

Initial Surcharge Area (Agy} = user fir2 SXH SE - B - - -

Surcharge Volume Length {Lisy) = user ft - - - -

Surcharge Volume Width (Wi} = user ft g S - i - - —

Depth of Basin Floor {Hpnog) = user ft e - PR - - —

Length of Besin Floor {Lgoog) = user ft g : : - i - - _

Width of Basin Floor (W o) = user ft = - i - - -

Area of Basin Floor (Anopa) = user #A2 L B - ; - . -

Volume of Basin Floor (Vrgoa) = user ftA3 ity 3 : - ) - — —

Depth of Main Besin {Hyaw) = user f B = -~ : - - -

Length of Main Basin (Lyun) = user # . : 3 - ol b - - -

Width of Main Basin (W) = user ft : - : L — — —

Area of Main Basin (Ayan) = user fth2 S - g - - -

Volume of Main Basin (Vi) = user ftr3 g S - - - -
Calculated Total Basin Volume (V;pu) = user acre-feet \\ - - - _ =

Three different volumes are associated with
the design of a full spectrum detention facility:
WQCV, EURYV, and 100-yr. Revise Zone 2
and 3 in the worksheet

UD-Detention_v3.07-abert.xdsm, Basin

312612017, 6:12PM
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Three different volumes are associated with the design of a full spectrum detention facility: WQCV, EURV, and 100-yr.  Revise Zone 2 and 3 in the worksheet


Detention Basin Outlet Structure Design

Project:

ABERT RANCH

UD-Detention, Version 3.07 (February 2017)

Basin ID:

S

Zone 1 (WQcv)

~AIRYEAR
ORIFICE

Example Zone Configuration (Retention Pond)

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Fiitration BMP}

Underdrain Orifice Invert Depth =
Underdrain Orifice Diameter =

2iiiinches

fone 2 (100-year)

Zone 3

Stage (ft} Zone Volume (ac-ft) Outlet Type
2,62 0.466 Oﬁﬁtg Platé.
8.02 2.805 ‘WelrBPipe (Restriet)

3.272 Total

“1ft (distance below the filtration medla surface)

Calculated Parameters for Underdrain
Underdrain Orifice Area =

Underdrain Orifice Centroid = feet

N/A

ft?

User Input: Orifice Plate with one or more orlfices or Elliptical Siot Weir (typically used to drain WQCV and/or EURV In a sedimentation BMP}

Invert of Lowest Orifice = |-

g

Depth at top of Zone using Orifice Plate =

2.62.

Orifice Plate: Orifice Vertical Spacing =

10,50

Orifice Plate: Orifice Area per Row =

295

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

ft {relative to basin bottom at Stage = 0 ft}
ft (relative to basin bottom at Stage = O ft}

“|inches

sq. Inches (diameter = 1-15/16 inches)

Calculated Parameters for Plate

WQ Orifice Area per Row =

2.049E-02

Elliptical Half-Width =

N/A

Eliiptical Slot Centroid =

N/A

Elliptical Slot Area =

N/A

f?

feet
feet
13

Stage of Orifice Gentroid (ft)

Crifice Area (sq. inches)

Stage of Orifice Cantroid (ft) |

Row 9 (optional)

Row 10 (optional)

Row 11 (optional)

Row 12 (optional)

Row 13 (optional)

Row 15 (optional)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (opl!onal) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)
000 -1 07 B B e
Tp95 i095 295
Row 14 {optional)

Row 16 (optional

Orifice Area (sq. inches) .=

User Input: Vertical Orifice {Circ

ular or Rectangular)

Not Selected

Not Selected

f

Calculated Parameters for Vertical Orifice
Not Selected

Not Selected

invert of Vertical Orifice = i1t (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = ft
Depth at top of Zone using Vertical Orifice = “}ft (relative to basin bottom at Stage = O ft) Vertical Orifice Centroid = feet
Vertical Orifice Diameter = inches
User Input: Overflow Weir (Drophox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Welr
Zone 2 Weir Not Selected Zone 2 Weir Not Selected
Overflow Weir Front Edge Helght, Ho = 6,00 Cin 0 i (relative to basin bottom at Stage = O ft) Height of Grate Upper Edge, H, = 6.00 feet
Overflow Weir Front Edge Length = 210,00 feet Over Flow Weir Slope Length = 6.00 feet
Overflow Weir Slope =} 0,00 H:V {enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 3,60 should be >4
Horiz. Length of Weir Sides = 60D - e feet Overflow Grate Open Area w/o Debris = 42.00 ft2
Overflow Grate Open Area % =} FOS% e “.7|%, grate open area/total area Overflow Grate Open Area w/ Debris = 21.00 2
Debris Clogging % = |- 5085 = %

User Input: Outlet Pipe w/ Flow Restriction Plate {Circular Orifice, Restri

ctor Plate, or Rectan

gular Orifice)

Zone 2 Restrictor

Depth to invert of Outlet Pipe =

Not Selected

ft (distance below basIn bottom at Stage =0 ft}

Outlet Pipe Diameter =

Restrictor Plate Helght Above Pipe Invert =

&)
4800 Inches
42.00 inches

Calculated Parameters for Outlet Pipe w/

OQutlet Orifice Area =

Outlet Orifice Centroid =

Half-Central Angle of Restrictor Plate on Plpe =

Flow Restriction Plate

Zone 2 Restrictor

Not Selected

11.66

ft!

1,87

feet

242

N/A

radians

User Input: Emergency Spillway (R or Trapezoidal) Calculated Parameters for Spillway
Spillway tnvert Stage={. =" 9.00,= = |ft (relative to basin bottom at Stage = 0 ft) Splliway Design Flow Depth= 0.96 feet
Spillway Crest Length = 64000 Heet Stage at Top of Freeboard = 10.96 feet
Spillway End Slopes = 400 H:V Basin Area at Top of Freeboard = 0.92 acres
Freeboard above Max Water Surface = 1,00 feet
Routed Hydrograph Results
Design Storm Return Period = -Wacy. EURV. 2 Year 5 Year: 10 Year. 25 Year 50 Year 100 Year. 500 Year
One-Hour Rainfall Depth (in) =| 0.53 1.07 1.19 1.50 175 2,00 2.25 2,52 3.07
Calculated Runoff Volume (acre-ft) = 0.466 0.759 0514 0.810 1.991 5.595 7.841 10.774 16.086
OPTIONAL Ovarride Runoff Volume (acre-ft) =i e ; : : : o
Inflow Hydrograph Volume (acre-ft) =| 0.466 0.758 0.514 0.809 1.989 5.588 7.834 10.756 16.073
Predevelopment Unit Peak Flow, g (cfs/acre) = 0.00 0.00 0.01 0.02 0.24 0.77 1.06 142 2.04
Pradevelopment Peak Q {cfs) = 0.0 0.0 13 23 22.6 72.9 100.7 134.7 194.1
Peak Inflow Q {cfs) =| 8.8 14.2 9.7 15.1 36.8 1015 1411 1919 283.0
Peak Outflow Q {cfs) = 0.4 0.5 0.4 0.5 1.1 69.5 1104 155.4 225.1
Ratio Peak Qutflow to Predavelopment Q = N/A N/A N/A 0.2 0.0 1.0 1.1 T2 12
Structure Controlling Flow = Plate Plate Plate Plate Overflow Grate 1 | Overflow Grate 1 | Overflow Grate 1 el
Max Velocily through Grate 1 (fps) = N/A N/A N/A N/A 0.0 16 36 : 7 .
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tima to Drain 97% of Inflow Volume (hours) = 36 42 37 43 59 48 43 39 34
Time 1o Drain 99% of Inflow Volume (hours) = 40 47 41 48 67 60 57 53 48
Maximum Ponding Depth (ft) = 2.46 3.40 2,63 3.55 6.03 7.00 7.36 7.90 9.39
Area at Maximum Ponding Depth (acres) =| 0.26 0.33 0.27 0.34 0.59 0.69 0.73 0.79 0.88
Maximum Volume Stored (acre-ft) = 0.422 0.700 0.467 0.746 1.886 2.501 2.765 3.177 4421




Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
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Detention Basin Outlet Structure Design

Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs UD-Detention, Version 3.07 {February 2017)
The user can override the calculated inflow hydrographs from lhis workbook with inflow hydrographs developed in a separate program.
SOURCE WORKBOOK. |- WORKBQOK: | -“WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK WORKBOOK | WORKBOOK

TIME wagy [cfs] EURV efs) 2 Yeaj [efs] | 5Year{cfs] | 10 Year[cfs] | 25 Year [cfs) |50 Year [¢fs] | 100 Year {cis] | 500 Year [cfs]
0:00:00 e 0.00 ‘000 60 000 000 600 060
0:05:00 | igao o Siage 008 - a00 6.00 000 000 Siiegn b oo
Hydrograph 0:10:00 | 0.00 0000 0,000 pnn s Ee 0,00 e R 000 L 000!
Constant 0:15:00 639 e 687 1580 409 542 635 9.9
1.428 s L L8
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EDB-1 BACKGROUND

Extended Detention Basins (EDBs) are one of the most common types of
Stormwater BMPs utilized within the Front Range of Colorado. An EDB is a
sedimentation basin designed to “extend” the runoff detention time, but to drain
completely dry sometime after stormwater runoff ends. The EDB’s drain time for the
water quality portion of the facility is typically 40 hours. The basins are considered
to be “dry” because the majority of the basin is designed not to have a significant
permanent pool of water remaining between runoff events.

EDBs are an adaptation of a detention basin used for flood control, with the primary
difference is the addition of forebays, micropools and a slow release outlet design.
Forebays are shallow concrete “pans” located at the inflow point to the basin and are
provided to facilitate sediment removal within a contained area prior to releasing into
the pond. These forebays collect and briefly hold stormwater runoff resulting in a
process called sedimentation, dropping sediment out of the stormwater. The
stormwater is then routed from the forebay into the concrete trickle channel and
upper basin, the large grassy portion of the basin. . The EDB uses a much smaller
outlet that extends the emptying time of the more frequently occurring runoff events
to facilitate pollutant removal. An EDB should have a small micropool just upstream
of the outlet. This micropool is designed to hold a small amount of water to keep
sediment and floatables from blocking the outlet orifices.

EDB-2 INSPECTING EXTENDED DETENTION BASINS (EDBs)
EDB-2.1 Access and Easements

Inspection or maintenance personnel may utilize the figures located in the
approved Final Drainage Report for the project and recorded subdivision plat
containing the location(s) of the access points and potential maintenance
easements of the EDB(s) within this development.

EDB-2.2 Stormwater Best Management Practice (BMP) Locations

Inspection or maintenance personnel may utilize the figures located in the
approved Final Drainage Report for the project and recorded subdivision plat
containing the location(s) of the EDB(s) within this development.

EDB-2.3 Extended Detention Basin (EDB) Features

EDBs have a number of features that are designed to serve a particular function.
Many times the proper function of one feature depends on another. For
example, if a forebay is not properly maintained, it could negatively affect the
performance of a feature downstream (trickle channel, micropool, etc.).




Therefore, it is critical that each feature of the EDB is properly inspected and
maintained to ensure that the overall facility functions as it was intended. Below
is a list and description of the most common features within an EDB and the
corresponding maintenance inspection items that can be anticipated:

Table EDB-1

Typical Inspection & Maintenance Requirements Matrix

EDB Features | Sediment | Mowing/ | Trash & | Erosion | Overgrown Standing Structure
Removal Weed Debris Vegetation Water Repair
control | Removal Removal (mosquito/
algae
control)
Inflow Points X X X
(outfalls)
Forebay X X X
Low-flow X X X X X
channel
Bottom Stage X X X X X X
Micropool X X X X X
Qutlet Works X X X
Emergency X X X X
Spillway
Upper Stage X X
Embankment X X X

EDB-2.3.1 Inflow Points

Inflow Points or Outfalls into EDBs are the point source of the
stormwater discharge into the facility. An inflow point is commonly a
storm sewer pipe with a flared end section that discharges into the
EDB. In some instances, an inflow point could be a drainage channel
or ditch that flows into the facility.

An energy dissipater (riprap or hard armor protection) is typically
immediately downstream of the discharge point into the EDB to protect
from erosion. In some cases, the storm sewer outfall can have a toe-
wall or cut-off wall immediately below the structure to prevent
undercutting of the outfall from erosion.

The typical maintenance items that are found with /'nﬂow points are as
follows: :

a. Riprap Displaced — Many times, because the repeated impact/force
of water, the riprap can shift and settle. If any portion of the riprap
apron appears to have settled, soil is present between the riprap, or




the riprap has shifted, maintenance may be required to ensure future
erosion is prevented.

b. Erosion Present/Outfall Undercut — In some situations, the energy
dissipater may not have been sized, constructed, or maintained
appropriately and erosion has occurred. Any erosion within the vicinity
of the inflow point will require maintenance to prevent damage to the
structure(s) and sediment transport within the facility.

c¢. Sediment Accumulation — Because of the turbulence in the water
created by the energy dissipater, sediment often deposits immediately
downstream of the inflow point. To prevent a loss in hydraulic
performance of the upstream infrastructure, sediment that accumulates
in this area must be removed in a timely manner.

d. Structural Damage — Structural damage can occur at anytime during
the life of the facility. Typically, for an inflow, the structural damage
occurs to the pipe flared end section (concrete or steel). Structural
damage can lead to additional operating problems with the facility,
including loss of hydraulic performance.

e. Woody Growth/Weeds Present — Undesirable vegetation can grow
in and around the inflow area to an EDB that can significantly affect the
performance of the drainage facilities discharging into the facility. This
type of vegetation includes trees (typically cottonwoods) and dense
areas of shrubs (willows). If woody vegetation is not routinely
mowed/removed, the growth can cause debris/sediment to
accumulate, resulting in blockage of the discharge. Also, tree roots
can cause damage to the structural components of the inflow. Routine
maintenance is essential for trees (removing a small tree/sapling is
much cheaper and “quieter” than a mature tree). In addition, noxious
weeds growing in the facility can result in the loss of desirable native
vegetation and impact adjacent open spaces/land.

EDB-2.3.2 Forebay

A forebay is a solid surface (pad), typically constructed of concrete,
immediately downstream of the inflow point. The forebay is designed
to capture larger particles and trash to prevent them from entering the
main portion of the EDB. The solid surface is designed to facilitate
mechanical sediment removal (skid steer). The forebay typically
includes a small diameter discharge pipe or v-notch weir on the
downstream end and designed to drain the forebay in a specified
period of time to promote sedimentation. The forebays vary in size
and depth depending on the design and site constraints.




The typical maintenance items that are found with forebays are as
follows:

a. Sediment/Debris Accumulation — Because this feature of the EDB is
designed to provide the initial sedimentation, debris and sediment
frequently accumulate in this area. If the sediment and debris is not
removed from the forebay on a regular basis, it can significantly affect
the function of other features within the EDB. Routine sediment
removal from the forebay can significantly reduce the need for
dredging of the main portion of the EDB using specialized equipment
(long reach excavators). Routine removal of sediment from the
forebay can substantially decrease the long-term sediment removal
costs of an EDB.

b. Concrete Cracking/Failing — The forebay is primarily constructed of
concrete, which cracks, spalls, and settles. Damage to the forebay
can result in deceased performance and impact maintenance efforts.

¢. Drain Pipe/Weir Clogged — Many times the drainpipe or weir can be
clogged with debris, and prevent the forebay from draining properly. If
standing water is present in the forebay (and there is not a base flow),
the forebay is most likely not draining properly. This can resultin a
decrease in performance and create potential nuisances with stagnant
water (mosquitoes).

d. Weir/Drain Pipe Damaged — Routine maintenance activities,
vandalism, or age may cause the weir or drain pipe in the forebay to
become damaged. Weirs are typically constructed of concrete, which
cracks and spalls. The drainpipe is typically smaller in diameter and
constructed with plastic, which can fracture.

EDB-2.3.3 Trickle Channel (Low-Flow)

The trickle channel conveys stormwater from the forebay to the micro-
pool of the EDB. The trickle channel is typically made of concrete.
However, grass lined (riprap sides protected) is also common and can
provide for an additional means of water quality within the EDB. The
trickle channel is typically 6-9 inches in depth and can vary in width.

The typical maintenance items that are found with trickle channels are
as follows: '

a. Sediment/Debris Accumulation — Trickle channels are typically
designed with a relatively flat slope that can promote sedimentation
and the collection of debris. Also, if a trickle channel is grass lined it
can accumulate sediment and debris at a much quicker rate. Routine




removal of accumulated sediment and debris is essential in preventing
flows from circumventing the trickle channel and affecting the dry
storage portion of the pond.

b. Concrete/Riprap Damage — Concrete can crack, spall, and settle
and must be repaired to ensure proper function of the trickle channel.
Riprap can also shift over time and must be replaced/repaired as
necessary.

c. Woody Growth/Weeds Present — Because of the constant moisture
in the area surrounding the trickle channel, woody growth
(cottonwoods/willows) can become a problem. Trees and dense shrub
type vegetation can affect the capacity of the trickle channel and can
allow flows to circumvent the feature.

d. Erosion Outside of Channel — In larger precipitation events, the
trickle channel capacity will likely be exceeded. This can result in
erosion immediately adjacent to the trickle channel and must be
repaired to prevent further damage to the structural components of the
EDB. :

EDB-2.3.4 Bottom Stage

The bottom stage is at least 1.0 to 2.0 feet deeper than the upper
stage and is located in front of the outlet works structure. The bottom
stage is designed to store the smaller runoff events, assists in keeping
the majority of the basin bottom dry resulting in easier maintenance
operations, and enhances the facilities pollutant removal capabilities.
This area of the EDB may develop wetland vegetation.

The typical maintenance items that are found with the bottom stage are
as follows:

a. Sediment/Debris Accumulation — The micro-pool can frequently
accumulate sediment and debris. This material must be removed to
maintain pond volume and proper function of the outlet structure.

b. Woody Growth/Weeds Present - Because of the constant moisture
in the soil surrounding the micro-pool, woody growth -
(cottonwoods/willows) can create operational problems for the EDB. If
woody vegetation is not routinely mowed/removed, the growth can
cause debris/sediment to accumulate outside of the micro-pool, which
can cause problems with other EDB features. Also, tree roots can
cause damage to the structural components of the outlet works.
Routine management is essential for trees (removing a small
tree/sapling is much cheaper and “quieter” than a mature tree).




¢. Bank Erosion — The micro-pool is usually a couple feet deeper than
the other areas of the ponds. Erosion can be caused by water
dropping into the micro-pool if adequate protection/armor is not
present. Erosion in this area must be mitigated to prevent sediment
transport and other EDB feature damage.

d. Mosquitoes/Algae Treatment — Nuisance created by stagnant water
can result from improper maintenance/treatment of the micro-pool.
Mosquito larvae can be laid by adult mosquitoes within the permanent
pool. Also, aquatic vegetation that grows in shallow pools of water can
decompose causing foul odors. Chemical/mechanical treatment of the
micro-pool may be necessary to reduce these impacts to adjacent
homeowners.

e. Petroleum/Chemical Sheen — Many indicators of illicit discharges
into the storm sewer systems will be present in the micro-pool area of
the EDB. These indicators can include sheens, odors, discolored soll,
and dead vegetation. If it is suspected that an illicit discharge has
occurred, contact the supervisor immediately. Proper
removal/mitigation of contaminated soils and water in the EDB is
necessary to minimize any environmental impacts downstream.

EDB-2.3.5 Micro-pool

The micro-pool is a concrete or grouted boulder walled structure
directly in front of the outlet works. At a minimum, the micropool is 2.5
feet deep and is designed to hold water. The micro-pool is critical in
the proper function of the EDB; it allows suspended sediment to be
deposited at the bottom of the micro-pool and prevents these
sediments from being deposited in front of the outlet works causing
clogging of the outlet structure, which results in marshy areas within
the top and bottom stages.

The typical maintenance items that are found with micro-pools are as
follows:

a. Sediment/Debris Accumulation — The micro-pool can frequently
accumulate sediment and debris. This material must be removed to
maintain pond volume and proper function of the outlet structure.

b. Woody Growth/Weeds Present - Because of the constant moisture
in the soil surrounding the micro-pool, woody growth
(cottonwoods/willows) can create operational problems for the EDB. If
woody vegetation is not routinely mowed/removed, the growth can
cause debris/sediment to accumulate outside of the micro-pool, which




can cause problems with other EDB features. Also, tree roots can
cause damage to the structural components of the outlet works.
Routine management is essential for trees (removing a small
tree/sapling is much cheaper and “quieter” than a mature tree).

c¢. Mosquitoes/Algae Treatment — Nuisance created by stagnant water
can result from improper maintenance/treatment of the micro-pool.
Mosquito larvae can be laid by adult mosquitoes within the permanent
pool. Also, aquatic vegetation that grows in shallow pools of water can
decompose causing foul odors. Chemical/mechanical treatment of the
micro-pool may be necessary to reduce these impacts to adjacent
homeowners.

d. Petroleum/Chemical Sheen — Many indicators of illicit discharges
into the storm sewer systems will be present in the micro-pool area of
the EDB. These indicators can include sheens, odors, discolored soil,
and dead vegetation. If it is suspected that an illicit discharge has
occurred, contact the supervisor immediately. Proper
removal/mitigation of contaminated soils and water in the EDB is
necessary to minimize any environmental impacts downstream.

EDB-2.3.6 Outlet Works

The outlet works is the feature that drains the EDB in specified
quantities and periods of time. The outlet works is typically
constructed of reinforced concrete into the embankment of the EDB.
The concrete structure typically has steel orifice plates
anchored/embedded into it to control stormwater release rates. The
larger openings (flood control) on the outlet structure typically have
trash racks over them to prevent clogging. The water quality orifice
plate (smaller diameter holes) will typically have a well screen covering
it to prevent smaller materials from clogging it. The outlet structure is
the single most important feature in the EDB operation. Proper
inspection and maintenance of the outlet works is essential in ensuring
the long-term operation of the EDB.

The typical maintenance items that are found with the outlet works are
as follows:

a. Trash Rack/Well Screen Clogged — Floatable material that enters
the EDB will most likely make its way to the outlet structure. This
material is trapped against the trash racks and well screens on the
outlet structure (which is why they are there). This material must be
removed on a routine basis to ensure the outlet structure drains in the
specified design period.




b. Structural Damage - The outlet structure is primarily constructed of
concrete, which can crack, spall, and settle. The steel trash racks and
well screens are also susceptible to damage.

c. Orifice Plate Missing/Not Secure — Many times residents, property
owners, or maintenance personnel will remove or loosen orifice plates
if they believe the pond is not draining properly. Any modification to
the orifice plate(s) will significantly affect the designed discharge rates
for water quality and/or flood control. Modification of the orifice plates
is not allowed without approval from the County.

d. Manhole Access — Access to the outlet structure is necessary to
properly inspect and maintain the facility. If access is difficult or not
available to inspect the structure, chances are it will be difficult to
maintain as well.

e. Woody Growth/Weeds Present - Because of the constant moisture
in the soil surrounding the outlet works, woody growth
(cottonwoods/willows) can create operational problems for the EDB. If
woody vegetation is not routinely mowed/removed, the growth can
cause debris/sediment to accumulate around the outlet works, which
can cause problems with other EDB features. Also, tree roots can
cause damage to the structural components of the outlet works.
Routine management is essential for trees (removing a small
tree/sapling is much cheaper and “quieter” than a mature tree).

EDB-2.3.7 Emergency Spillway

An emergency spillway is typical of all EDBs and designed to serve as
the overflow in the event the volume of the pond is exceeded. The
emergency spillway is typically armored with riprap (or other hard
armor) and is sometimes buried with soil. The emergency spillway is
typically a weir (notch) in the pond embankment. Proper function of
the emergency spillway is essential to ensure flooding does not affect
adjacent properties.

The typical maintenance items that are found with emergency
spillways are as follows:

a. Riprap Displaced — As mentioned before, the emergency spillway is
typically armored with riprap to provide erosion protection. Over the
life of an EDB, the riprap may shift or dislodge due to flow.

b. Erosion Present — Although the spillway is typically armored,
stormwater flowing through the spillway can cause erosion damage.
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Erosion must be repaired to ensure the integrity of the basin
embankment, and proper function of the spillway.

c. Woody Growth/Weeds Present — Management of woody vegetation
is essential in the proper long-term function of the spillway. Larger
trees or dense shrubs can capture larger debris entering the EDB and
reduce the capacity of the spillway.

d. Obstruction Debris — The spillway must be cleared of any
obstruction (man made or natural) to ensure the proper design
capacity.

EDB-2.3.8 Upper Stage (Dry Storage)

The upper stage of the EDB provides the majority of the water quality
flood detention volume. This area of the EDB is higher than the micro-
pool and typically stays dry, except during storm events. The upper
stage is the largest feature/area of the basin. Sometimes, the upper
stage can be utilized for park space and other uses in larger EDBs.
With proper maintenance of the micro-pool and forebay(s), the upper
stage should not experience much sedimentation; however, bottom
elevations should be monitored to ensure adequate volume.

The typical maintenance items that are found with upper stages are as
follows:

a. Vegetation Sparse — The upper basin is the most visible part of the
EDB, and therefore aesthetics is important. Adequate and properly
maintained vegetation can greatly increase the overall appearance and
acceptance of the EDB by the public. In addition, vegetation can
reduce the potential for erosion and subsequent sediment transport to
the other areas of the pond.

b. Woody Growth/Undesirable Vegetation — Although some trees and
woody vegetation may be acceptable in the upper basin, some thinning
of cottonwoods and willows may be necessary. Remember, the basin
will have to be dredged to ensure volume, and large trees and shrubs
will be difficult to protect during that operation.

c. Standing Water/Boggy Areas — Standing water or boggy areas in the
upper stage is typically a sign that some other feature in the pond is
not functioning properly. Routine maintenance (mowing, trash
removal, etc) can be extremely difficult for the upper stage if the
ground is saturated. If this inspection item is checked, make sure you
have identified the root cause of the problem.
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d. Sediment Accumulation — Although other features within the EDB
are designed to capture sediment, the upper storage area will collect
sediment over time. Excessive amounts of sedimentation will result in
a loss of storage volume. It may be more difficult to determine if this
area has accumulated sediment without conducting a field survey.

Below is a list of indicators:
1. Ground adjacent to the trickle channel appears to be several
inches higher than concrete/riprap
2. Standing water or boggy areas in upper stage
3. Uneven grades or mounds
4. Micro-pool or Forebay has excessive amounts of sediment

e. Erosion (banks and bottom) — The bottom grades of the dry storage
are typically flat enough that erosion should not occur. However,
inadequate vegetative cover may result in erosion of the upper stage.
Erosion that occurs in the upper stage can result in increased
dredging/maintenance of the micro-pool.

f. Trash/Debris — Trash and debris can accumulate in the upper area
after large events, or from illegal dumping. Over time, this material can
accumulate and clog the EDB outlet works.

g. Maintenance Access — Most EDBs typically have a gravel/concrete
maintenance access path to either the upper stage or forebay. This
access path should be inspected to ensure the surface is still drivable.
Some of the smaller EDBs may not have maintenance access paths;
however, the inspector should verify that access is available from
adjacent properties.

EDB-2.3.9 Miscellaneous

There are a variety of inspection/maintenance issues that may not be
attributed to a single feature within the EDB. This category on the
inspection form is for maintenance items that are commonly found in
the EDB, but may not be attributed to an individual feature.

a. Access — Access needs to be maintained.
b. Graffiti/\VVandalism — Damage to the EDB infrastructure can be
caused by vandals. If criminal mischief is evident, the inspector should

forward this information to the local enforcement agency.

c. Public Hazards — Public hazards include items such as vertical
drops of greater than 4-feet, containers of unknown/suspicious
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substances, exposed metal/jagged concrete on structures. If any
hazard is found within the facility area that poses an immediate
threat to public safety, contact the local emergency services at
911 immediately!

d. Burrowing Animals/Pests — Prairie dogs and other burrowing rodents
may cause damage to the EDB features and negatively affect the
vegetation within the EDB.

e. Other — Any miscellaneous inspection/maintenance items not
contained on the form should be entered here.

EDB-2.4 Inspection Forms

Inspection forms shall be completed by the person(s) conducting the inspection
activities. These inspection forms shall be kept a minimum of 5 years and made
available to the County upon request.

EDB-3 MAINTAINING EXTENDED DETENTION BASINS (EDBS)
EDB-3.1 Maintenance Personnel

Maintenance personnel must be qualified to properly maintain EDBs.
Inadequately trained personnel can cause additional problems resulting in
additional maintenance costs.

EDB-3.2 Equipment

It is imperative that the appropriate equipment and tools are taken to the field
with the operations crew. The types of equipment/tools will vary depending on
the task at hand. Below is a list of tools, equipment, and material(s) that may be
necessary to perform maintenance on an EDB:

1.)  Loppers/Tree Trimming Tools

2.) Mowing Tractors

3.) Trimmers (extra string)

4.)) Shovels

5.) Rakes

6.)  All Surface Vehicle (ASVs)

7.) Skid Steer

8.) Back Hoe

9.)  Track Hoe/Long Reach Excavator
10.) Dump Truck
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11.) Jet-Vac Machine

12.) Engineers Level (laser)

13.) Riprap (Minimum - Type M)

14.)  Filter Fabric

15.) Erosion Control Blanket(s)

16.) Seed Mix (Native Mix)

17.)  lllicit Discharge Cleanup Kits

18.) Trash Bags

19.) Tools (wrenches, screw drivers, hammers, etc)
20.) Chain Saw

21.) Confined Space Entry Equipment

22.) Approved Inspection and Maintenance Plan

Some of the items identified above may not be needed for every maintenance
operation. However, this equipment should be available to the maintenance
operations crews should the need arise.

EDB-3.3 Safety

Vertical drops may be encountered in areas located within and around the
facility. Avoid walking on top of retaining walls or other structures that have a
significant vertical drop. If a vertical drop is identified within the EDB that is
greater than 48” in height, make the appropriate note/comment on the
maintenance inspection form.

EDB-3.4 Maintenance Forms

An EDB Maintenance Form provides a record of each maintenance operation
performed by maintenance contractors. An EBD Maintenance Form shall be
filled out in the field after the completion of the maintenance operation.

EDB-3.5 Maintenance Categories and Activities

A typical EDB Maintenance Program will consist of three broad categories of
work: Routine, Restoration (minor), and Rehabilitation (major). ‘Within each
category of work, a variety of maintenance activities can be performed on an
EDB. A maintenance activity can be specific to each feature within the EDB, or
general to the overall facility. This section of the SOP explains each of the
categories and briefly describes the typical maintenance activities for an EDB.

A variety of maintenance activities are typical of EDBs. The maintenance
activities range in magnitude from routine trash pickup to the reconstruction of
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drainage infrastructure. Below is a description of each maintenance activity, the
objectives, and frequency of actions:

EDB-3.6 Routine Maintenance Activities

The majority of this work consists of regularly scheduled mowing and trash and
debris pickups for stormwater management facilities during the growing season.
This includes items such as the removal of debris/material that may be clogging
the outlet structure well screens and trash racks. It also includes activities such
as includes weed control, mosquito treatment, and algae treatment. These
activities normally will be performed numerous times during the year. These
items can be completed without any prior correspondence with the County;
however, completed inspection and maintenance forms shall be kept on file.

The Maintenance Activities are summarized below, and further described in the
following sections.

TABLE - EDB-2

Summary of Routine Maintenance Activities

MAINTENANCE
ACTIVITY

Mowing

MINIMUM
FREQUENCY

Twice annually

LOOK FOR:

Excessive grass
height/aesthetics

MAINTENANCE ACTION

Mow grass to a height of 4” to
6)’

Trash/Debris Removal

Twice annually

Trash & debris in
EDB

Remove and dispose of trash
and debris

Outlet Works Cleaning As needed - Clogged outlet Remove and dispose of
after significant | structure; ponding debris/trash/sediment to allow
rain events — water outlet to function properly
twice annually
min.
Weed control Minimum twice | Noxious weeds; Treat w/ herbicide or hand pull;
annually Unwanted Consult the local weed
vegetation specialist
Mosquito Treatment As needed Standing Treat w/ EPA approved
water/mosquito chemicals
habitat
Algae Treatment As needed Standing water/ Treat w/ EPA approved
Algal growth/green | chemicals

color

EDB-3.6.1 Mowing

Occasional mowing is necessary to limit unwanted vegetation and to
improve the overall appearance of the EDB. Native vegetation should
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be mowed to a height of 4-t0-6 inches tall. Grass clippings should be
collected and disposed of properly.

Frequency — Routine - Minimum of twice annually or depending on
aesthetics.

EDB-3.6.2 Trash/Debris Removal

Trash and debris must be removed from the entire EDB area to
minimize outlet clogging and to improve aesthetics. This activity must
be performed prior to mowing operations.

Frequency — Routine — Prior to mowing operations and minimum of
twice annually.

EDB-3.6.3 Outlet Works Cleaning

Debris and other materials can clog the outlet work’s well screen,
orifice plate(s) and trash rack. This activity must be performed anytime
other maintenance activities are conducted to ensure proper operation.

Frequency - Routine — After significant rainfall event or concurrently
with other maintenance activities.

EDB-3.6.4 Weed Control

Noxious weeds and other unwanted vegetation must be treated as
needed throughout the EDB. This activity can be performed either
through mechanical means (mowing/pulling) or with herbicide.
Consultation with the local Weed Inspector is highly recommended
prior to the use of herbicide.

Frequency — Routine — As needed based on inspections.

EDB-3.6.5 Mosquito/Algae Treatment

Treatment of permanent pools is necessary to control mosquitoes and
undesirable aquatic vegetation that can create nuisances. Only EPA
approved chemicals/materials can be used in areas that are warranted.

Frequency — As needed.
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EDB- 3.7 Restoration Maintenance Activities

This work consists of a variety of isolated or small-scale maintenance or
operational problems. Most of this work can be completed by a small crew, tools,
and small equipment. These items do not require prior correspondence with the
County require completed inspection and maintenance forms to be kept on file.

Table - EDB-3
Summary of Restoration Maintenance Activities
MAINTENANCE MINIMUM LOOK FOR: MAINTENANCE
ACTIVITY FREQUENCY ACTION
Sediment Removal As needed; Sediment build-up; | Remove and dispose
typically every 1 | decrease in pond of sediment
—2 years volume
Erosion Repair As needed, Rills/gullies forming | Repair eroded areas
based upon on side slopes, Revegetate; address
inspection trickle channel, source of erosion
other areas
Vegetation Removal/Tree | As needed, Large trees/wood Remove vegetation;
Thinning based upon vegetation in lower | restore grade and
inspection chamber of pond surface
Drain Cleaning/Jet Vac As needed, Sediment build-up Clean drains; Jet Vac
based upon /non draining if needed
inspection system

EDB-3.7.1 Sediment Removal

Sediment removal is necessary to maintain the original design volume
of the EDB and to ensure proper function of the infrastructure. Regular
sediment removal (minor) from the forebay, inflow(s), and trickle
channel can significantly reduce the frequency of major sediment
removal activities (dredging) in the upper and lower stages. The minor
sediment removal activities can typically be addressed with shovels
and smaller equipment. Major sediment removal activities will require
larger and more specialized equipment. The major sediment activities
may also require surveying with an engineer’s level, and consultation
with the Consulting Engineer or County staff to ensure design
volumes/grades are achieved.

Stormwater sediments removed from EDBs do not meet the criteria of
“hazardous waste”. However, these sediments are contaminated with
a wide array of organic and inorganic pollutants and handling must be
done with care. Sediments from permanent pools must be carefully

removed to minimize turbidity, further sedimentation, or other adverse
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water quality impacts. Sediments should be transported by motor
vehicle only after they are dewatered. All sediments must be taken to
a landfill for proper disposal. Prompt and thorough cleanup is
important should a spill occur during transportation.

Frequency — Nonroutine — As necessary based upon inspections.
Sediment removal in the forebay and trickle channel may be necessary
as frequently as every 1-2 years.

EDB-3.7.2 Erosion Repair

The repair of eroded areas is necessary to ensure the proper function
of the EDB, minimize sediment transport, and to reduce potential
impacts to other features. Erosion can vary in magnitude from minor
repairs to trickle channels, energy dissipaters, and rilling to major
gullies in the embankments and spillways. The repair of eroded areas
may require the use of excavators, earthmoving equipment, riprap,
concrete, erosion control blankets, and turf reinforcement mats. Major
erosion repair to the pond embankments, spillways, and adjacent to
structures will require consultation with the Consulting Engineer or
County Engineering staff.

Frequency — Nonroutine — As necessary based upon inspections.

EDB-3.7.3 Vegetation Removal/Tree Thinning

Dense stands of woody vegetation (willows, shrubs, etc) or trees can
create maintenance problems for the infrastructure within an EDB.
Tree roots can damage structures and invade pipes/channels thereby
blocking flows. Also, trees growing in the upper and lower stages of
the EDB will most likely have to be removed when sediment/dredging
operations occur. A small tree is easier to remove than a large tree,
therefore, regular removal/thinning is imperative. All trees and woody
vegetation that is growing in the bottom of the EDB or near structures
(inflows, trickle channels, outlet works, emergency spillways, etc)
should be removed. Any trees or woody vegetation in the EDB should
be limited to the upper portions of the pond banks.

Frequency — Nonroutine — As necessary based upon. inspections.

EDB-3.7.4 Clearing Drains/Jet-Vac

An EDB contains many structures, openings, and pipes that can be
frequently clogged with debris. These blockages can result in a
decrease of hydraulic capacity and create standing water in areas
outside of the micro-pool. Many times the blockage to this
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infrastructure can be difficult to access and/or clean. Specialized
equipment (jet-vac machines) may be necessary to clear debris from
these difficult areas.

Frequency — Nonroutine — As necessary based upon inspections.
EDB-3.8 Rehabilitation Maintenance Activities

This work consists of larger maintenance/operational problems and failures
within the stormwater management facilities. All of this work requires
consultation with the Consulting Engineer or County Engineering staff to ensure
the proper maintenance is performed. This work requires that the engineering
staff review the original design and construction drawings to access the situation
and assign the necessary maintenance. This work may also require more
specialized maintenance equipment, design/details, surveying, or assistance
through private contractors and consultants. Any proper permits required for this
activity must be obtained.

Table - EDB-4
Summary of Rehabilitation Maintenance Activities
MAINTENANCE MINIMUM LOOK FOR: MAINTENANCE
ACTIVITY FREQUENCY ACTION
Major Sediment Removal As needed — Large quantities of | Remove and dispose
based upon sediment; reduced of sediment. Repair
scheduled pond capacity vegetation as needed
inspections
Major Erosion Repair As needed — Severe erosion Repair erosion — find
based upon including gullies, cause of problem and
scheduled excessive soil address to avoid future
inspections displacement, areas | erosion
of settlement, holes
Structural Repair As needed — Deterioration and/or | Structural repair to
based upon damage to restore the structure to
scheduled structural its original design
inspections components -
broken concrete,
damaged pipes,
outlet works

EDB-3.8.1 Major Sediment Removal

Major sediment removal consists of removal of large quantities of
sediment or removal of sediment from vegetated areas. Care shall be
given when removing large quantities of sediment and sediment
deposited in vegetated areas. Large quantities of sediment need to be
carefully removed, transported and disposed of. Vegetated areas
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need special care to ensure design volumes and grades are
preserved.

Frequency — Nonroutine — Repair as needed based upon inspections.

EDB-3.8.2 Major Erosion Repair

Major erosion repair consist of filling and revegetating areas of severe
erosion. Determining the cause of the erosion as well as correcting the
condition that caused the erosion should also be part of the erosion
repair. Care should be given to ensure design grades and volumes are
preserved.

Frequency — Nonroutine — Repair as needed based upon inspections.

EDB-3.8.3 Structural Repair

An EDB includes a variety of structures that can deteriorate or be
damaged during the course of routine maintenance. These structures
are constructed of steel and concrete that can degrade or be damaged
and may need to be repaired or re-constructed from time to time.
These structures include items like outlet works, trickle channels,
forebays, inflows and other features. In-house operations staff can
perform some of the minor structural repairs. Major repairs to
structures may require input from a structural engineer and specialized
contractors. Consultation with the Consulting Engineer or County
Engineering staff should take place prior to all structural repairs.

Frequency — Nonroutine — Repair as needed based upon inspections.

Reference:
This Manual is adapted from City of Colorado Springs O&M Procedures, which are adapted from
SEMSWA (2007) and from the Town of Parker, Golorado (2004),- STORMWATER PERMANENT
BEST MANAGEMENT PRACTICES (PBMP) LONG-TERM OPERATION AND MAINTENANCE
MANUAL
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APPENDIX E

DRAINAGE COST ESTIMATE




JPS ENGINEERING

ABERT RANCH

DRAINAGE IMPROVEMENTS COST ESTIMATE

PRIVATE DRAINAGE IMPROVEMENTS
506 |Riprap Aprons (ds; = 12") 30 CY $98 $2,940
603 148" RCP Pond Discharge Pipe w/ FES 80 LF $178 $14,240
604 |Detention Pond Forebay 1 EA $3,000 $3,000
604 [Detention Pond Outlet Structure 1 LS $8,000 $8,000
604 |Detention Pond Spillway 1 LS $3,000 $3,000
SUBTOTAL $31,180
Contingency @ 15% $4,677
TOTAL $35,857
PUBLIC DRAINAGE IMPROVEMENTS (NON-REIMBURSABLE)
506 |Riprap Culvert Aprons (dsp = 12") 15 CY $98 $1,470
603  |18" RCP Culvert w/ FES 128 LF $69 $8,832
603 |30" RCP Culvert w/ FES 64 LF $94 $6,016
SUBTOTAL $16,318
Contingency @ 15% $2,448
TOTAL $18,766
TOTAL DRAINAGE IMPROVEMENTS $54,623

COST-EST.DRG-ABERT-RANCH xls

3/26/2017




APPENDIX F

FIGURES



3/27/2017 3:06:55 PM

J\jpsprojects\111604.obert—ranch\dwg\cviINFIGURE AT.dwg,

HWY 105

HWY 83

-N—
NTS
‘ ( WALKER _ROAD
Kilmer
Elementary
School 2
@)
' )
‘ Grandview Estotes |lqe
WE
’3%/ 0.
G\s\gé, 7 o
" SITEZ|
n
Settlers /
View
2
Sulys RO(\CX\ FL}
) oxue®
o™
ae
X Unplatted

HODGEN ROAD

VICINITY MAP

ENGINEERING

ABERT RANCH

FIGURE A1

JPS PROJY NO. 111604 )




AoBewe) oswW M 1B 21018 dejy poold YNNG S4i Joeyo sdew poog waibold

SoURINSY| POC| FUOSHEN INCYE UoReuLIgjul J0NPaid 3S512) UL Jod 00K 9RL |
Sy} UO ajep 23 01 WNbISgNS SPEW UIIQ SABY AW YIium SIUBLIpUSWIE 10
sobueyd 302124 U sSop dew Sit “BulT-u0 LIW-4 Buish pajoenxe sem

¥ “deuwl pool pOJudIael INOGE U3 Jo uopiod B 4O AJOD RIOWo ue §) SIYL

\

£ouedy Juemmofenel LoueSIwy [RIapS]

MagY
MOSH

Sc g¢

166111 HOUEH \
3190 3ALI3443 oy "NGGBO0H
1 5280015080 : .
T \I\ |
X INOZ
A
3 a0 ea0080 SV GALYHOSHOONINN m_\ .vN

AINNQD OSYd B

XS BNV HFENNN \
"SNVINOD

{G3INId LON SI3SNVE HOd4 X3ANI dvw 33s)

Q0L 40 528 1Nd

SYHEAEY CHLVIOCJIOONI
NV 0aQvioion
‘ALNNCD OSVd Td

dYi 308 IONVUASHD €oo1d

4

EENTZ

HVI30U4 IONVENSHI GO0 WWNOLLEN gl

L | i /

e g

i
0002 0 0002
1334 NI 3VOS JLVINIXOHdIY

G8Z0 T3NVd SNIOF .

o | N




= so o0 SIALINLA MIBWIN o 5 5o
- M (s} “ m £ ONNOUOHIANN 40 ONIDARMYA JHL 804 DN
£ “s 55 3LYAYOX3 ¥0 ‘30v¥9 ‘010 NOA 3¥0438 BN
ﬂ 2 17139 3ONVAOY NI SAVO SSINISNB-Z TV Ep h
G -E ~NR Y _ _ _ Sl
2 & 119 /L861—¢26—-008—1 LEEEE X
5| g5, 2t o o s NVTd FOVNIVHO OHOLSH 1 2
=2 Emm e NOLLVOLIILON ALFULN TIVO EwlERR
wi =238 =3 3va | A8 NOISIATY "oN R EE L
of 2
NI
E..._.E M M.O.H
HONVYH 1438V ® M3IA SH31L13S
. 1} (PR e
TEER |
N o= S < 32 w
EEERR|E
EE RS R |0
13 ]
-
o~
m| 8 w—
L " oa N
<L|50] 0o
TI N~ —
o
b 5
Q o
O x
= Q
2
v oo —
QY| o= o= o
SOl ~am ox
Wul Nt I Qe R_W_ W
-0 ow
> X
> 0 O
D“ nwbﬂWAQZD .
= . GVOMTHTIdd3LS .
z e s ,
M mm < — S ~ e — TR —e — ) —
=1
o
»nlo

\
ERY
LAY
ALY
N SO N s Ny
A AN
,,,/,////

S

\

3 RN )
Ny . > ]

EARRRHRN LA

\

Y, A, \ \
SO = : NN

N
v

1"=200'
=2’

(24"x36" SHEET)

CONTOUR INTERVAL

Wy

200

ORIGINAL SCALE:

. / l 1))
R | s !
o i

/

VIE

S
v/

‘GRAND

e
Koo
¢
(LS
ok

Y
R
Wl
IR
IR

EXISTING'

)

ST
IDass

A

Ell:\),’// ~
> NQ

POSE
‘B

ROP
TLER
ILING

3

I

“ PR

1

ET
F

QILLV¥IdNN

i
3
O

//$

Q3LLYIdND

PARCEL #61000-00-288-
MOREHEAD LIVING

1™~

=) .

SRESERVE

P

WALDEN|

7

EXISTI




5] RN
= 5 "SIULMULN ¥IEWIN 3 B &Y e
8 Q D LIS
— 20 Qo € ANNOYOY3ANN 40 ONIMNYA 3IHL HOJ ey
e s @5 3LYAYOX3 HO ‘3QVH0 ‘D10 NOA 3H0138 s
) L& 17% JONVAQY NI SAVQ SSINISNB~Z TIVJ 5 | = 2 T
4] ERS ~RS n c B o
2| 5& I3¢ [861l—CC6—-008—1 cEEEE DY)
-— = o = o I e
ig, 2t Cors o v NV1d IDVYNIVHA 03d0T3AIA F:i: s
M - % NOILVOIHILON ALALLA T¥D EESEE
rlm H.MW ‘0 K. < wf M
] o858 F=% 3Lva A8 NOISIATY N AEEEE
z| e ©
M E g =
; SRS
SEE s L
: U EBER e
w EE m = m
EYREP g |5
4]
-1 o T o
m = 351254. ~
oY sBREIT X .
)
0 5 -
o] < ©
z
i | L O
@] mOP\_U
1 ™ © - n= e
[t} ~o © © - wo ™
DQU MNP o WWR rNuD.HS.
IS N e N - ™) Exy Z<> Oakr oo
o 14 zox
T n. o SCEL Z 0 <
Z= e Eey Ery
> X0 X4z 0 v
> LU<0o L350l 2z 3 %3 oe
< S s { AR WMo S T S
S|z @ / SN pll s s s s D
S|l —ovm o e I e —
ZE|FZ hvvwe T F 4 = =< s =
) SW > S ST E TR
0|© (@)
jus
Al !
- —r——CTT TSI
.—1._/1 | .OW
S5 :
b
= Q) EF 2
el 2o ©
35 Q. = . 8
> — = Sl LX
Y= i SULEE
()] a (g MS.M
. ; 5
c . ags
N o
S @ i g
c @© oph &2
P £ | g s
LT, x©
C e e 5
— i
© =
O 0. S
© O g
—_
RN
= ,
- ,,
) «,
< N
0 N
=
S N
o N
= NN

7

.
/
/S
,

i

the

%
)//

£
7
2

YER
RC

lons+n:

lat

Won't the runoff upstream erode th

oSE
VERT

7’/
7
1

RQP
UL,

17
5

< /
Az )

a3L1vTdNN i ' AN
mmqon_m::iza Ry
nNE [©] L
= z 1
SL3 = S
(™) S
acod <0
2g<
Emmw
TR
o
o
=

DEN|
|

¢

)
1

v

GOWAL

ESERVE

N
G

- PR

./ FILIN

EXISTI

hil | =0 e

S ! &
bup-LQ\ MO\ BMP\MaA—SIa a5 COg LI I\S3oa(0sdsdN i
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Cloud+

dsdlaforce
Cloud+
Won't the runoff upstream erode this again in the future?  Provide calculations in the report showing velocities are at acceptable level.
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SUMMARY HYDROLOGY TABLE
DESIGN Q5 Q100
POINT CFS CFS
Update to include - (CFS) (CFS)
DPs: A, D11,4, — ST 2.5 9.3
D12 —> S2 12.7 52.5 ENGINEERING
: . : . S3 19.0 78.1
With Q100=22.4 cfs draining to this location, it seems E 2.5 10.2
likely that this area will erode again in the future. A F 5.9 24.5 19 E. Willamette Ave.
channel located within a drainage easement may be H 14.6 64.4 ggg’ég“ Springs, CO
required to convey the flow. Conduct additional
Ny o " y N | 52.8 147.9 PH:  719-477-9429

analysis of this location. FAX: 719-471-0766
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Cloud+

dsdlaforce
Cloud+
With Q100=22.4 cfs draining to this location, it seems likely that this area will erode again in the future.  A channel located within a drainage easement may be required to convey the flow.  Conduct additional analysis of this location.

dsdlaforce
Length Measurement
3.02

dsdlaforce
Length Measurement
2.44

dsdlaforce
Text Box
Overland Flow
(Per Rational Method)

dsdlaforce
Text Box
Channelized Flow

dsdlaforce
Callout
Update to include DPs: A, D11, 4, D12

dsdlaforce
Callout
callout the emergency overflow spillway and note the dimension.

dsdlaforce
Callout
Provide culvert analysis for Culvert I.  What is the condition of the culvert?  What is the overtopping for the 100yr and emergency condition.

dsdlaforce
Callout
A temporary emergency access is required at this location.  Provide the culvert analysis/calculations for the temporary culvert.
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Markup Summary

dsdlaforce (23)

Subject: Text Box

Page Label: 1

Ad: PCD File No: SP-17-007 Lock: Unlocked

Status:

Checkmark: Unchecked
Author: dsdlaforce

Date: 8/28/2017 8:40:10 AM
Color: W

Add: PCD File No.: SP-17-007

Subject: Text Box
. Page Label: 1
SEREUEL | Lock: Unlocked
Status:
Checkmark: Unchecked
Author: dsdlaforce
Date: 8/28/2017 12:52:46 PM
Color: W

Include the riprap sizing calculations for the culvert
and pond outlet.

Subject: Text Box . I
Page Label: 1 The Stormwater Detention and Infiltration (SDI)

. design data sheet and EPC MS4 post construction
;(t)actlﬁsL.Jnlocked form (attached) will be required with the final plat
S| :

= Checkmark: Unchecked application.
Author: dsdlaforce
Date: 8/28/2017 8:39:37 AM
Color: H

/““L“ ﬁ;gfcl_;é:ezillcl)ut Rename to Preliminary Drainage Report.
serrr | ] ock: Unlocked
e Status:
“= | Checkmark: Unchecked
Author: dsdlaforce
Date: 8/28/2017 8:37:21 AM
Color: W

Subject: File Attachment

@ Page Label: 1
Lock: Unlocked
Status:

Checkmark: Unchecked
Author: dsdlaforce

Date: 8/28/2017 8:39:46 AM
Color: H

Subject: Callout )
Page Label: 2 Extract the O&M Manual from the drainage report.

Lock: Unlocked This item Wi_II be a r_equired stan_dalc_)ne submittal
document with the final plat application.

Status:

Checkmark: Unchecked
Author: dsdlaforce

Date: 8/28/2017 8:40:45 AM
Color: W




Subject: Callout

Page Label: 4

Lock: Unlocked

Status:

Checkmark: Unchecked

Type the name, title, business name and address.

Author: dsdlaforce
Date: 8/28/2017 8:49:06 AM
Color: W

Subject: Cloud+

Page Label: 4

Lock: Unlocked

Status:

Checkmark: Unchecked

DRAINAGE STATEMENT

Remove "City"

Author: dsdlaforce
Date: 8/28/2017 8:48:44 AM
Color:

Subject: Cloud+

Page Label: 6

Lock: Unlocked

Status:

Checkmark: Unchecked

Remove the FDR. The applicant has only
submitted for preliminary plan.

Author: dsdlaforce
Date: 8/28/2017 8:53:41 AM
Color: W

Subject: Text Box

Page Label: 10

Lock: Unlocked

Status:

Checkmark: Unchecked

Update the 4 step process based on the steps
identified in Appendix | Section 1.7.2 which are
different from the city.

Author: dsdlaforce
Date: 8/28/2017 9:05:34 AM
Color:

Subject: Text Box

Page Label: 13

Lock: Unlocked

Status:

Checkmark: Unchecked

Discuss the emergency overflow condition. Is it
overtopping Steppler Road? If so what is the
depth on the road.

Author: dsdlaforce
Date: 8/28/2017 12:59:31 PM
Color: W

Subject: Cloud+

Page Label: 44

Lock: Unlocked

Status:

Checkmark: Unchecked

Revise to DP D12

Author: dsdlaforce
Date: 8/28/2017 1:37:50 PM
Color:



Subject: Cloud+

Page Label: 81

Lock: Unlocked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 11:53:15 AM
Color: W

Subject: Cloud+
Page Label: 112
Lock: Unlocked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 9:19:13 AM
Color: W

SETTLERS VIEW &

DRANAGE PLAN

Subject: Callout
Page Label: 115
Lock: Unlocked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 1:30:53 PM
Color: W

Subject: Text Box
Page Label: 115
Lock: Unlocked
Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 10:18:01 AM
Color: W

Subject: Cloud+
Page Label: 115
Lock: Unlocked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 11:53:19 AM
Color: W

Subject: Text Box
Page Label: 115
Lock: Unlocked
Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 10:18:27 AM
Color: W

Three different volumes are associated with the
design of a full spectrum detention facility: WQCYV,
EURYV, and 100-yr. Revise Zone 2 and 3 in the
worksheet

Won't the runoff upstream erode this again in the
future? Provide calculations in the report showing
velocities are at acceptable level.

A temporary emergency access is required at this
location. Provide the culvert analysis/calculations
for the temporary culvert.

Channelized Flow

With Q100=22.4 cfs draining to this location, it
seems likely that this area will erode again in the
future. A channel located within a drainage
easement may be required to convey the flow.
Conduct additional analysis of this location.

Overland Flow
(Per Rational Method)



Subject: Length Measurement
Page Label: 115

Lock: Unlocked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 10:16:58 AM
Color: W

Subject: Length Measurement
Page Label: 115

Lock: Unlocked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 10:16:12 AM
Color: W

Subject: Callout

Page Label: 115

Lock: Unlocked

¢ | Status:

~ | Checkmark: Unchecked

Update to include DPs: A, D11, 4, D12

Author: dsdlaforce
Date: 8/28/2017 10:58:45 AM
Color: W

Subject: Callout ) . .
Page Label: 115 Provide culvert analysis for Culvert I. What is the

Lock: Unlocked condition of the culvert? What is the overtopping

Status: for the 100yr and emergency condition.

Checkmark: Unchecked

IS VIEW & ABEF

Author: dsdlaforce
Date: 8/28/2017 1:24:28 PM
Color: W

Subject: Callout .
Page Label: 115 callout the emergency overflow spillway and note

Lock: Unlocked the dimension.
Status:
Checkmark: Unchecked

Author: dsdlaforce
Date: 8/28/2017 12:55:39 PM
Color: W



