Final Drainage Report

For.

Didleau Subdivision Filing 1

Project No. 2019.012

April 2020

Please add PCD File No. MS206

Prepared for:

Phyllis Didleau

8250 Forest Heights Drive
Colorado Springs, CO 80908
719-440-1949

Prepared by:

KCH Engineering Solutions, LLC
5228 Cracker Barrel Circe
Colorado Springs, CO 80917

Pagelof21



Daniel Torres
Text Box
Please add PCD File No. MS206


I
I,
V.

VI
VIL.
VI
IX.

Xl
XIL.
X,
XIV.
XV.
XVI.

Table of Contents

Cover Sheet
Certifications and Approvals
Floodplain Statement
Report Purpose
General Description
Design Criteria and Methodology
Existing Reports, Mapping and Information
- FEMA Floodplain
Hydrologic Soils Information
Offsite Drainage Conditions
Existing/ Proposed Drainage Characteristics
Representative Developed Drainage Characteristics
Proposed Drainage Improvements
Detention and Water Quality
Erosion Control
Four Step Process
Construction Cost Estimate
Drainage Fee Calculations
Summary

APPENDIX

Exhibit 1: General Location Maps

Exhibit 2: FEMA FIRM Map

Exhibit 3: SCS Soils Map and Data

Exhibit 4: Charts and Tables

Exhibit 5; Kettle Creek Drainage Basin Planning Study Exhibits
Exhibit 6: Erosion Control Facilities

Exhibit 7: Hydrologic Calculations

Exhibit 8: Hydraulic Calculations

Exhibit 9: Soil, Geology, and Geologic Hazard Study; Entech Engineering
Exhibit 10: Photos (stapled inside map pocket 1)

Exhibit 11; Historic/ Developed Drainage Conditions {map pocket 2)

Page 2 of21



CERTIFICATIONS AND APPROVALS

Engineer’s Statement

The attached drainage plan and report were prepared under my direction and
supervision and are correct to the best of my knowledge and belief. Said drainage
report has been prepared according to the criteria established by El Paso County for
drainage reports and said drainage report is in conformity with the master plan of the
drainage basin, | accept responsibility for any liability caused by any negligent acts,
errors or omission on my part in preparation this report.

Signature

(Kenneth C. Harrison, P.E.)

~ Registered Professional Engineer State of Colorado No.

Seal

Owner’s Statement :
|, the Owner, Phyilis Didieau have read and will comply with ail of the requirements
specified in this drainage report and plan.

(Signature)

(Phyliis Didleat)

Address: 8250 Forest Heights Drive
Colorado Springs, CO 80908

El Paso County

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

El Paso County Engineer/ ECM Administrator

(Signature) {Jennifer Irvine, P.E.)

Date:
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REPORT PURPOSE

The purpose of this study is to evaluate the drainage characteristics for the
historic and the developed conditions of the Didleau Subdivision Filing 1 (the site)
in accordance with El Paso County critefia. The subdivision subdivides the
Didleau tract into four (4) lots for single family residences. This analysis will
demonstrate that there is only a negligible increase in runoff with the

development of the site.

GENERAL DESCRIPTION
Location

The site is a portion of the southwest quarter of Section 9, Township 12 South,
Range 65 West of the 6% Principal Meridian, El Paso County, Colorado (Exhibit 1,

Appendix).

The current tract consists of approximately 32.59 acres with 5.11 acres located
north of Forest Heights Circle and 27.48 acres located south of Forest Heights
Circle. It is proposed to subdivide the tract into 4 lots. The sizes of the lots are:

Lot 1: 5.11 acres north of Forest Heights Circle
Lot 2: 4.20 acres south of Forest Heights Circle
Lot 3: 7.34 acres south of Forest Heights Circle
Lot 4: 15.94 acres south of Farest Heights Circle

e & o ©

These areas differ
from the final plat.
Please revise and
include the area
for Tract A&B.

-V

Lot 1 extends 450 feet north of Forest Heights Circie

A high-pressure gas line crosses Forest Heights Circle approximately 2,000 feg;
. feet wid

east of the Herring Road intersection (photo 16). The easement is

Lots 2, 3, and 4 extend 850 feet south of Forest Heights Circle

and extends north and south,

DESIGN CRITERIA AND METHODOLOGY

These distances are not
accurate. Please revise

Sor remove).

P TP Py |

The hydrologic and hydraulic characteristics for both the historic ar
conditions of the site were evaluated using the following resources;

¢ Design Manuals
o El Paso County Drainage Criteria Manual, Volume I.

UG VLTURU

The charts and graphs used from this manual are reproduced in Exhibit 4 of

the Appendix.

o City of Colorado Springs Drainage Criteria Manual (where included

with the El Paso County Drainage Criteria Manual).

The charts and graphs used from this manual are reproduced in Exhibit 4 of

the Appendix.

o Soil Survey of El Paso County Area, Colorado United States

Department of Agriculture, Soil Conservation Service
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(See Appendix, Exhibit 3)

o Flood Insurance Rate Map, Federal Emergency Management Agency
(See Appendix, Exhibit 2)

o Kettle Creek Drainage Basin Planning Study
(See Appendix, Exhibit 5)

Design storms

o Minor storm: 5-year
This storm was used to size drainage facilities that cross under Forest
Heights Circle.

o Major storm: 100-year
This storm was used to evaluate overland flow through the subdivision as
it pertains to impacts on existing residences and the existing roadway
when overtopped.

Drainage Areas

o Areas for the offsite and onsite sub basins were determined from
topographic mapping from the El Paso County GIS department. This
mapping was used as the base for the Drainage Map included in a map
pocket (Exhibit 11, Appendix) at the back of this report.

Runoff Methods

o 'Rational Method
This method is used to determine runoff quantities for sub basins with less
than 130 acres. Intensity-Duration-Frequency (IDF} curves were obtained
from the Colorado Springs Drainage Criteria Manual (DCM) (Appendix,
Exhibit 4).

Culvert Evaluation

Sizing :

o The 5-year storm was used to evaluate the culverts with a maximum
headwater to depth ratio limit of 1.5 prior to roadway overtopping.

o The 100-year storm was used to evaluate the over topping conditions at
the culverts under Forest Heights Drive as well as impacts on the existing
structures within the vicinity of the existing swales discussed in this report.

o The assumptions that were made in the evaluation of these culverts are
described in the pertinent sections of the report.

Drainage Swale and Borrow Ditch Evaluation

o Onsite and offsite drainage swales and the borrow ditches traversing the
property were evaluated for erosion potential and depth of flow.

o The assumptions that were made in the evaluation of these culverts are
described in the pertinent sections of the report
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o The Froude Number was calculated to determine the state of flow,
subcritical vs. supercritical, Supercritical flow only became an issue when
excessive velocities were calculated for either the minor of major storm
events.

¢ Detention/ Water Quality
o The detention pond/ water quality requirements are addressed in the
Section XI.

s Frosion control
o Erosion issues were identified and evaluated based on the estimated
velocities in the existing swales Section XII.

IV. EXISTING REPORTS, MAPPING AND INFORMATION
o The project is located in the upper reaches of the Kettle Creek Drainage
Basin (Appendix, Exhibit 5).
o No drainage reports have been prepared for any of the tracts that

ur ite. .
surround the site Please also include

the panel #

V. FEMA FLOODPLAIN
The project is within Zone X (other) as shown on the Flood Rate tnsuragzz Map, El
Paso County, Colorado and Incorporated Areas, Map Number 080059, {Appendix,
Exhibit 2). New construction within this zone is subject to minimal flooding hazards.

V. HYDROLOGIC SOILS INFORMATION
The hydrologic soils groups were obtained from the USDA National Resource
Conservation Service website for soils types in El Paso County, Colorado
(Appendix, Exhibit 3). The soils are identified as follows:

o Elbeth sandy loam (SCS No. 26)
o Kettle Gravelly Loam (SCS No. 40)

The soils and their characteristic are described in detail in the soils report
included in Exhibit 3, Appendix. The soil group is classified within the B
hydrologic group.

Vil. Offsite Drainage Conditions
Topographic mapping was obtained from El Paso County GIS Department. The
site drains from northeast to southwest through the site. There are five (5)
defined drainageways that enter and exit the site. All of the drainageways
discharge into the Burgess River which, in turn, discharges into Kettle Creek. The
vegetation is characterized by highland grasses and Ponderosa Pine trees. The
areas are typically developed as rural large-acre single-family residential tracts
with only a small portion of each tract mowed around the residences. The
majority of the roads that provide access to these tracts are two lane rural gravel
roads with borrow ditches to accommodate the runoff.
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VIIL.

Existing/ Proposed Conditions Characteristics

General

The proposed hydrologic conditions for this site are nearly identical as the
existing conditions except for the construction of single-family residential
structures. As a result, both the existing and developed conditions are discussed
in this section.

The site is primarily hilly with natural drainage ways. The site, both north and
south of Forest Heights Drive, slope from the northeast to the southwest with an
average slope of 4.5%. The drainage ways cross Forrest Heights Drive via
corrugated metal culverts at three (3) locations.

The site is vegetated with medium height prairie grasses, small bushes, and
Ponderosa Pines. A portion of the site was burned by the Black Forest fire in
2013. There are only negligible signs of erosion except along both sides of
Forest Heights Circle. A significant amount of ash has silted the existing culverts.

The subdivision is located in northerly end of El Paso County in the upper
reaches of Kettle Creek (Exhibit 5, Appendix). :

Forest Heights Drive

Forest Heights Drive serves as the primary access for the subdivision. The road
is a compacted two-lane road with borrow ditches and culvert “stream” crossings
(photo 29). The road extends approximately 2,450-feet east of the Herring Drive
intersection. This road is presently privately owned and maintained.
Consideration is being given to improving the road to meet El Paso County.

The road has with an average “right-of-way{ width of 60 feet with a small portion
of only 30-feet wide adjacent to and south ofthe Yonce lot. (Exhibit 11,
Appernidix). The road is currently maintained biJon and Phyllis Didleau. This
“maintenance association” will be amended with\a new agreement as part of the
platting process.

The road crosses three (3) of the five (5) drainage ways, all of which will be
discussed in subsequent sections of this report. The approximate locations of the
crossings are shown on the drainage plan included in the back of the report.

The foliowing physical characteristics of the road were obtined from the
mapping and photographs obtained for the site (Exhibit 10, Rppendix). Additional
survey and geotechnical information are required in order to accurately
determine the physical characteristics of the road in order to deyelop design
construction plans if required.

Erosion and sedimentation have occurred in sections along both sides of Forest
Heights Circle. The sedimentation, along with ash from the 2013 fire, has filled

The roadway will be required to be
page7of21  IMproved to County standards. Please
update your analysis/design

accordingly.
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the majority of the culverts to a depth greater than 70%. The resulting
sedimentation has encouraged the establishment of wetlands both upstream and
downstream of two (2) of the three (3) culverts. It appears that the majority of the
wetland areas are seasonal and typicaily when the ground water is near the
surface.

Swales

Five (5) natural stable drainage corridors extend from northeast to southwest
within the boundaries of the site. The drainageways consist of large natural
“swales” with large bottom widths and gentle side slopes. Wetland areas are
present at naturally occurring low areas and at locations where seasonal ground
water comes to the surface. Drainage easements are proposed to prevent the
construction of future residential and related structures. The upper reaches of the
Burgess River, noted as swale 1, crosses at the most easterly end of Forrest
Heights Circle. All of the drainage ways arg well established and stable with only

a negligible amount of erosion. Please coordinate with LDC so that
the proposed drainage easements are
Culverts shown on the plat.

A total of three (3) corrugate metal pipe (CMP) culverts pass the water under
Forest Heights Circle. The condition of each these culverts are discussed under
the applicable Design Point number. The culverts contain a significant amount of
silt. The culverts cross under Forest Heights Circle at 150 feet, 1,250 feet, and

2 250 feet east of the Herring Road intersection. Once under Forest Heights
Circle the water continues in a southwesterly direction in natural drainage ways
which are stable with only negligible signs of erosion. The majority of the culverts
are 75% to 95% full of sediment and ash.

Design Points

The following Design Points (DP) were located on the attached Drainage Plan
based on where natural drainage ways cross Forest Heights Circle, at high points
along the existing road, and at locations where the runoff exits the subdivision.

to design point 2?

Design Point 1
DP1 is located at the easterly end of Forest Heights Circle where there is a cul-
de-sac. Runoff from this point travelg along the northerly and southerly borrow

ditches along Forest Heights Circle. _
Swale 1 appears to terminate at DP 2 per the

Design Point 2 drainage plan. Please revise accordingly.
Runoff from Sub iTA (17.4 Acres) is collected via a natural swale, Swale 1,
(photo 4) at DP1-The water passes under Forrest Heights Circle via an 18" CMP

(Culvert 1) (photo 1, 5). The culvert is approximately 75% full of sediment. There
is also a significant amount of vegetation at either ends of the culvert (photo 2,
6). There are also areas of wetlands located both upstream and downstream of
the culvert (photo 2, 3). Approximate boundaries are indicated on the Drainage
Pian included in the back of this report. Accurate identification and boundaries of
the wetland areas are beyond the scope of this report.

Page 8 of 21


Daniel Torres
Callout
Please coordinate  with LDC so that the proposed drainage easements are shown on the plat.

Daniel Torres
Callout
Swale 1 appears to terminate at DP 2 per the drainage plan. Please revise accordingly.

Daniel Torres
Callout
to design point 2?


Swale 1 has the following physical characteristics:
¢ Average slope: 4.5 %
e Bottom width: varies from 50 feet to 75 feet
e Average side slopes: varies from 15 to 1.
e Typical vegetation: Highland grasses, bushes and Ponderosa Pines trees.

Swale 1 has the following hydrologic/ hydraulic characteristics;
o Design flow: Q5 = 3.4 cfs, Q100 =23.6 cfs
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet
« Velocity: 5 year = 1.1 fps, 100 year = 2.4 fps
o Froude #: 5 year = 0.83 Subcritical, 100 year = 1.01 Border between
Subcritical and supercritical.

Discussion:
The existing swale is very stable with areas of wetlands both upstream
and downstream of the existing culvert.

Culvert 1 has the following physical characteristics:
e Size: 18"
Material: Corrugated metal pipe
Slope: Undetermined
Existing Condition: Approximately 75% full of sediment.
End Sections: none

Culvert 1 has the following hydrologic/ hydraulic characteristics:
e Design flow: Q5 = 3.4 cfs, Q100 = 24.6 cfs
e Headwater required to pass (for clean pipe): 5 year = 12°, 100 year = 7.5
feet (significant roadway overtopping occurs) Based on conversations with
the residents, roadway overtopping has frequently occurred with the larger
storm events.

Discussion:
The existing culvert has minimal capacity due to sedimentation and the poor
end conditions. Overtopping of the roadway is anticipated even with minor
storm events. The downstream end (photo 5) controls the amount of water
that the culvert can accommodate. The end is buried approximately 75% in
the sediment where wetlands have been established. Sediment removal in
the bottom of the existing swale is not recommended since this would require
excavating the existing channel for a significant distance downstream.

Design Point 3

DP3 is located at the high point between Sub basins A and B (photo 54). Water
is directed both in an easterly and westerly direction in the existing borrow
ditches.
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Design Point 4

Runoff from Sub basin B (20.8 Acres) is collected via a natural swale, Swales 3,
3a, 3b, at DP4 (photos 17, 18, 19). The water passes under Forest Heights Circle
via an 18" CMP, Culvert 2 (photos 21 and 24). There are wetland areas (photo
17) with approximate boundaries indicated on the Drainage Plan included in the
back of this report. Accurate boundaries for the wetland areas are beyond the
scope of this report '

Swales 3, 3a, 3b have the following physical characteristics:
¢ Average slope: 4.6 %
« Bottom width: varies from 20 feet to 40 feet
e Average side slopes: 10 to 1.
« Typical vegetation: meadow with high grass, bushes, with a few
Ponderosa Pines.

Swales 3, 3a, 3b have the following hydrologic/ hydraulic characteristics;
¢ Design flow: Q5 = 4.4 cfs, Q100 = 29.1 cfs
¢ Depth of Flow: 5 year = 0.1 feet, 100 year = 0.3 feet
» Velocity: 5 year = 1.5 fps, 100 year = 3.0 fps
s Froude #: 5 year = 0.8 Subcritical, 100 year = .95, Subcritical

Discussion:
Swale 3a and 3b join fogether at approximately 300 feet upstream of the
culvert. The vegetation is well established with only a minimal amount of
erosion. Wetland areas are located in pockets along the swales. Approximate
locations and areas are shown on the Drainage Plan included in the back of
this report. There is no evidence of wetlands at either the upstream or
downstream ends of the culvert (photos 20, 24).

Culvert 2 has the following physical characteristics:
e Size: 18"
e Material: Corrugated Metal
¢ Slope: Undetermined
« Condition: ends are crushed, heavy sediment, dense grass and weed
growth at both the upstream and downstream ends.
e End Sections: no end sections are present

Culvert 2 has the following hydrologic/ hydraulic characteristics:
e Design flow: Q5 = 4.4 cfs, Q100 = 29.1 cfs
¢ Headwater for clean pipe: 5 year = 14", 100 year = >9ft (significant road
overtopping occurs)

Discussion:
The existing culvert has minimal capacity due to the amount of sediment and
poor end conditions. Overtopping of the roadway is anticipated even with
minor storm events. The downstream end controls the amount of water that
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the culvert can accommodate. The end is buried approximately 75% in the
sediment where grass and weeds have choked the exit conditions. Sediment
removal is not recommended since this would require the excavation of the
existing stable channel for a significant distance downstream

Design Point 5

Runoff from Sub basin C (3.9 Acres) is collected via a natural undefined swale,
Swale 5, at DP5 (photo 30). The water is directed to Culvert 3 at DP7 via the
northerly borrow ditch (photo 33). A substantial number of trees occupy the
borrow ditch and as a result have reduced its carrying capacity. There are only
small pockets of wetlands located a significant distance upstream of where
Swale 5 intersects the northerly borrow ditch along Forest Heights Circle.
Accurate boundaries for the wetland areas are beyond the scope of this report

Swale 5 (undefined) has the following physical characteristics:

Average slope: 5.5 %

Bottom width: varies from 20 feet to 30 feet

Average side slopes: varies from 10 to 1.

Typical vegetation: meadow with high grass, bushes and Ponderosa Pine
trees

L]

e e @

Swale 5 (undefined) has the following hydrologic/ hydraulic characteristics;
e Design flow: Q5 = 1.4 cfs, Q100 = 7.9 cfs
¢ Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet
¢ Velocity: 5 year = 1.0 fps, 100 year = 2.0 fps
e Froude #: 5 year = 0.78 Subcritical, 100 year = 0.91

Discussion:
Swale 5 is very stable with only minimal signs of erosion. The swale
directs water to the northerly borrow ditch along Forest Heights Circle. The
borrow ditch is poorly defined with grasses, bushes and trees. It is
anticipated that only a minimal amount of water is directed to the west only
the borrow ditch due to heavy vegetation in the borrow ditch. It is expected
that much of the storm water enters the roadway and proceeds in a
westerly direction in the roadway.

Design Point 6

DP6 is located on the north side of Forest Heights Circle where the ridge that
separates Sub basin C with Sub basin D is located. All of the runoff from Sub
basin C enters the northerly borrow ditch along Forest Heights Circle and is
directed to the west past DP 6 (photo 33). The runoff from the south side of
Forest Heights Circle (photo 34) is also directed to the west along the southerly
borrow ditch. This water is directed to Culvert 3. Once under the road the water
enters Swale 8.
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Design Point 7

Runoff from Sub basin D (7.5 Acres) is collected by the borrow ditch along the
north side of Forest Heights Circle, Swale 7. The water passes under Forest
Heights Circle via an 18” corrugated metal culvert, Culvert 3 (photo 41,43). Sub
basin D is developed as a single-family home site (photo 42). The majority of the
jot is mowed. There is no evidence of wetlands along swale 6 with the exception
of immediately upstream of the culvert at DP7. The culvert is almost silted full

and passes only a minimal amount of water.

Swale 6 has the following physical characteristics:
» Average slope: 6.0 %
¢ Bottom width: varies from 20 feet to 30 feet
e Average side slopes: varies from 10 to 1.
o Typical vegetation: meadow with high grass and Ponderosa Pine trees

Swale 6 has the following hydrologic/ hydraulic characteristics;

¢ Design flow: Q5 = 2.3 cfs, Q100 = 14.3 cfs
¢ Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet
e Velocity: 5 year = 1.2 fps, 100 year = 2.5 fps
» Froude #: 5 year = 0.8 Subcritical, 100 year = 1.0 between sub critical and
critical
Discussion:

Swale 6 is very stable with a minimal amount of erosion. There is an area of
wetlands located immediately upstream of the culvert. There are also
wetlands southwest of Culvert 3 in Swale 8 (Photo 44). This area will be
discussed in DP 10.

Culvert 3 has the following physical characteristics:
e Size:18”

Material: Corrugated Metal Pipe

Slope: Undetermined

Condition: silted to about 80%.

End Sections: none

Culvert 3 has the following hydrologic/ hydraulic characteristics:
¢ Design flow: Q5 = 3.7 cfs, Q100 = 22.2 cfs (includes runoff from Sub basin
C)
¢ Depth required to pass: 5 year = 1.1 feet, 100 year = 7.5 feet

Discussion:
The existing culvert is approximately 80% full of silt and ash from the fire
and only passes a portion of the minor storm event. It is expected that the
roadway will be overtopped during the majority of the minor storm events
and well as all of the major storm events.

Pape 12 of 21



Design Point 8

DP8 is located at the high point along Herring Road where the water in the
borrow ditch flows north and south. The water sheet flows onto the lot located at
the northeasterly corner of the Herring Road/ Forest Heights Circle intersection.
The water is collected by the northerly roadside ditch along Forest Heights Circle.
Minimal erosion has occurred between DP8 and DP9

Design Point 9

Runoff from Sub basin E (2.3 Acres) is collected via a natural swale, Swale 9,
located along the east side of Herring Road. A single-family residence occupies
the majority of Sub Basin E (figure 42). Swale 9 directs the water to DP7, Culvert
3 where it crosses under Forest Heights Drive and discharges into Swale 8.

Swale 8 has the following physical characteristics:
¢ Average slope: 6.0 %
» Bottom width: varies from 2 feet to 5 feet
¢ Average'side slopes: varies from 3 to 1.
« Typical vegetation: regularly mowed and maintained

Swale 8 has the following hydrologic/ hydraulic characteristics;
Design flow: Q5 = NQ cfs, Q100 = 4.9 cfs

« Depth of Flow: 5 yearx0.1 feet, 100 year = 0.2 feet

e Velocity: 5 year = 1.2 fps\{00 year = 2.5 fps

o Froude #: 5 year = 0.8 Subextical, 100 year=1.0
Discussion:

The swale, like all of the other swalgs is stable with only negligible signs of
erosion. Seasonal wetland areas haveNyeen established with the
approximate locations shown on the attadhed Drainage Plan. Accurate
identification and location of the wetland aréas are beyond the scope of
this report.

Design Point 10
Runoff from Sub basins B, C, D, E, and | is collected at DP10\ Swale 7 combines
with water in Swale 6 at DP7 and passes under Forest Heights Gircle. The water
in Swale 8 is then carried to the southwest (photo 47). There are wetland areas
with approximate boundaries indicated on the Drainage Plan includedin the back
of this report. Accurate identification and boundaries for the wetland aregs are
beyond the scope of this report.

Swale ing physical characteristics: Swale 8 is identified above.
' Pleas ' h i
e Average slope: 3.3 % e revise the text accordingly

so that the correct swale is
Bottom width: varies from 30 feet to 40 feet identified. ' |

]
e Average side slopes: varies from 30 to 1.
¢ Typical vegetation: meadow with high grass.
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Please prov!de additional discussion regarding swale 8. It appears that swale 8 outfalls
to the roadside ditch along Herring Road. Indicate whether the ditch is adequate to

accept this flow and whether the flow is contained within the ditch as it flows to the south
to DP11.

Swale 8 has the following hydrologic/ hydraulic characteristics;
¢ Design flow: Q5 = 7.5 cfs, Q100 = 47.8 cfs
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.4 feet
¢ Velocity: 5 year = 1.4 fps, 100 year = 2.6 fps
e Froude #: 5 year = 0.7, Subcritical, 100 year = 0.8, Subcritical
iscussion:
Swale 8 is heavily vegetated with areas of wetlands. There are only

negligible signs of erosion. e e e

Design Point 11 «— atbPil

Runoff from Sub basins B and H and (44.1 acres) is collected via a natural swale,
Swale 4, at DP11 where it combines with water in Swale 8. The water then exits
the subdivision via an 18" CMP culvert under an existing concrete driveway
(figure 48). The water is then directed in a southwesterly direction to DP11 where
it passes under Herring Road via a 368" CMP culvert (photo 55, 56).

Per the drainage map it
appears that flow from swale
8 converges with flow from
swale 4 at DP10

Swale 4 has the following physical characteristics:
¢ Average slope: 3.3 %
¢ Bottom width: varies from 75 feet fo 100 fee
¢ Average side siopes: 25to 1.
» Typical vegetation: meadow with high gyéss, Ponderosa Pine trees and
wetlands

Swale 4 has the following hydrologic/ hydraulic characteristics;
« Design flow: Q5 = 9.7 cfs, Q100'= 63.4 cfs
o Depth required to pass: 5 yea' = 1.1 feet, 100 year = 7.5 feet
¢ Velocity; 5 year = 1.1 fps, 100 year =2.3 fps
« Froude # 5 year = 0.65 $Ubcritical, 100 year = 0.79, Subcritical

Discussion:
Swale 4 is heavily yegetated with areas of wetlands. There is only a
negligible amount of erosion. Water in Swale 4 combines with water in
Swale 8 at DP#. The water then passes under an existing driveway via
an 18” CMP culvert (photo 48). The culvert is clean with very little
sediment as a result of the invert being slightly above the flowiine of the
upsfream swale.

Culvert 6 has the following physical characteristics:
e Size’1 .
2 Should this be culvert 4?
Material: CMP Revise accordingly.

Slope: Undetermined
Condition: good, clear of sediment
End Sections: none
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Culvert 4 has the following hydrologic/ hydraulic characteristics:
e Design flow: Q5 = 16.8 cfs, Q100 = 104.2 cfs ‘
e Headwater to Depth Ratio: Undetermined due to no impact on the project.

Discussion:
It is expected that the existing culvert is undersized to carry both the 5-
year and the 100-year storm event. Significant ponding upstream of the

culvert can be expected with both storm events.
swale 11 shown on the drainage map. Revise

Design Point 12 accordingly. Please identify the total flow at DP12
Runoff frchres) is collected via an undefined natural swale,
Swale 10, at DP12. Water in this swale exits the project site at DP12. This swale
is undefined and therefore, was not evaluated.

Design Point 13 :
Runoff from Sub basin F {18.7 acres) is collected via an undefined natural swale,
Swale 10, at DP13 where it combines with Swale 2. Swale 10 enters the
subdivision at the southeasterly corner approximately 300 feet south of Forest
Heights Circle.

Swale 10 has the following physical characteristics:

Average slope: 4.7 %

Bottom width: varies from 50 feet to 70 feet

Average side slopes: varies from 15 to 1.

Typical vegetation: meadow with high grass and Ponderosa Pine trees

®

Swale 10 has the following hydrologic/ hydraulic characteristics;
o Design fiow: Q5 = 2.8 cfs, Q100 = 20.7 cfs
« Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet
o Velocity: 5 year = 1.0 fps, 100 year = 1.9 fps
o Froude #: 5 year = 0.65 Subcritical, 100 year = 0.84 Subcritical

Design Point 14

Runoff from Sub basin A and G (27.3 acres) is collected via a natural swale,
Swale 2, at DP14 where Swales 2 and 10 intersect. There are wetland areas with
approximate areas indicated on the Drainage Plan included in the back of this
report. Accurate identification and boundaries for the wetland areas are beyond
the scope of this report.

Swale 2 has the following physical characteristics:
» Average slope: 3.1% '
« Bottom width: varies from 30 feet to 50 feet
e Average side slopes: varies from 15 to 1.
» Typical vegetation: meadow with high grass and Ponderosa Pine trees

Swale 2 has the following hydrologic/ hydraulic characteristics;
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IX.

¢ Design flow: Q5 = 6.1 cfs, Q100 = 41.4 cfs

¢ Depth of Flow: 5 year = 0.1 feet, 100 year = 0.3 feet

¢ Velocity: 5 year = 1.1 fps, 100 year = 2.2 fps

e Froude #: 5 year = 0.62 Subcritical, 100 year = 0.75 Subcritical
Discussion:

Swale 2 is a broad grass lined swale in a stable condition with only
negligible indications of erosion. Swale 2 carries the water offsite at DP15.
Wetlands are located immediately downstream of culvert 1 with
approximate boundaries indicated on the drainage plan (Photo 6).
Accurate identification arigI location of the wetland areas is beyond the

f thi . . :
scope of this report & hydrologic/hydraulic) as done with the previous

Desian Point 15% swales. Also identify the total flow at this DP15
Runoff from Sub basin A, F, G (46.0 acres) is collected via a natural swale,

Swale 12, at DP15.

Representative Developed Conditions Characteristics

General Overview
The developed condition was evaluated based on the following
conservative assumptions. The assumptions are representative of the type
of “development” that has historically occurred within the adjacent areas.

Area
A hypothetical area of 1.5 acres was used to determine average runoff
coefficients for the developed conditions of an individual lot. The
improvements to each lot would typically include a residence, landscaping,
and a gravel driveway.

Composite Runoff Coefficient (representative) ‘
Area of proposed development: 1.5 acres; C5 = 0.08 C100 = 0.35
s Roof area: 2800 sf; C5=0.73 C100 = 0.81
e Lawn: 0.5 acres; C5=0.12 C100=0.39
e Gravel Drive: 4,000 sf; C5=0.59 C100 = 0.70
¢ Composite “C"; C5 = 0.16 C100 = 0.41

Time of Concentration
Design runoff is determined using the longest time of concentration. It was
expected the even for the “developed” conditions of the project that the
controlling time of concentration would be the same as was determined for
the existing conditions. Therefore, the times of concentration remain the
same as was determined in this drainage study.

The following summarizes the negligible impact that the “developed”
conditions have on the total runoff at the individual Design Points. Ince the
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resulting hydraulic conditions were only negligible; the existing swales and
culverts were not re-evaluated for the developed conditions.

Sub Basin A
o Existing Discharge: 5 year = 3.4¢{s, 100 year = 23.6 cfs
¢ “Developed” Discharge: 5 year = 3\7 cfs, 100 year = 24.0 cfEhe culverts shall be
¢ Negligible changes to hydraulic condjtions re-evaluated for the
proposed conditions.
Sub Basin B Please analyze and state
« Existing Discharge: 5 year = 4 .4cfs, 100 ear = 29.1 cfs  whether the culverts meet
e “Developed” Discharge: 5 year = 4.6 cfs, 70 year = 29.5 cfbe criteria in DCM vol 1

e Negligible changes to hydraulic conditions CH6 for cross street flow
(table 6-1).

Sub Basin C Also_the swales that will
o Existing Discharge: 5 year = 1.4 cfs, 100 year = receive developed flows
¢ “Developed” Discharge: 5 year = 1.8 cfs, 100 year = 8.4 cfdrom the proposed lots

« Negligible changes to hydraulic conditions (swales 3, 4, 11,
12)should be

Sub Basin D re-evaluated and the

¢ Existing Discharge: 5 year = 2.3 cfs, 100 year = 14.3 cfs report should
%emonstrate the increase

¢ ‘“Developed” Discharge: 5 year = 2.7 cfs, 100 year = 14.8 ¢ > WS in comparison t
« Negligible changes to hydraulic conditions the existing fonditiong

Sub Basin E st

e Existing Discharge: 5 year = 1.0 cfs, 100 year = 4.9 cfs
« “Developed” Discharge: 5 year = 1.4 cfs, 100 year = 5.5 cfs
e Negligible changes to hydraulic conditions

Sub Basin F
» Existing Discharge: 5 year = 2.8 cfs, 100 year = 20.7 cfs
e “Developed” Discharge: 5 year = 3.1 cfs, 100 year = 21.1 cfs
» Negligible changes to hydrauiic conditions

Sub Basin G
« Existing Discharge: 5 year = 2.7 cfs, 100 year = 17.8 cfs
« ‘“Developed” Discharge: 5 year = 3.0 cfs, 100 year =18.2 cfs
s Negligible changes to hydraulic conditions

Sub Basin H :
e Existing Discharge: 5 year = 5.3 cfs, 100 year = 34.3 cfs
o ‘“Developed” Discharge: 5 year = 5.6 cfs, 100 year = 34.7 cfs
« Negligible changes to hydraulic conditions

Sub Basin |
e Existing Discharge: 5 year = 2.4 cfs, 100 year = 13.7 cfs

Page 17 of 21


Daniel Torres
Callout
The culverts shall be re-evaluated for the proposed conditions. Please analyze and state whether the culverts meet the criteria in DCM vol 1 CH6 for cross street flow (table 6-1).
Also the swales that will receive developed flows from the proposed lots (swales 3, 4, 11, 12)should be re-evaluated and the report should demonstrate the increase flows in comparison to the existing conditions flows.


X.

Xi.

XIl.

e “Developed” Discharge: 5 year = 2.8 cfs, 100 year = 14.3 cfs
« Negligible changes to hydraulic conditions

Sub Basin J
 Existing Discharge: 5 year = 1.0 cfs, 100 year = 7.1 cfs
e “Developed” Discharge: 5 year = 1.0 cfs, 100 year = 7.1 cfs
« Negligible changes to hydraulic conditions

Proposed Drainage Improvements
The following drainage improvements are recommended:

¢ Grade the cross section of Forest Heights Circle to the typical section
used by El Paso County for rurai gravel roads (Exhibit 4, Appendix)

o Replace all of the culverts with 24" CMP culverts with flared end sections.
The ends of the culvert should be installed in accordance with El Paso
County standards (Exhibit 4, Appendix). Locate the inverts for both ends
of the culverts at or slightly above the flowline of the incoming swale. The
culvert should be installed at a sufficient slope to allow for a cleansing
velocity to develop.

e Riprap erosion protection is not required at the outfali of the culverts since
the velocities are minimal and the downstream swale is stable and not
subject to erosion.

« Minimize any grading in the areas immediately upstream and downstream
of the culverts. These areas typically are occupied by wetlands and are
very stable. Disturbing the area with grading would only increase the
erosion potential.

« Install stone check dams (Exhibit 4, Appendix) along the roadside ditches
that are prone to erosion. These are permanent and will need to be
maintained.

Detention and Water Quality
xits the "development” in numerous locations, installation of a

detention water quatity pond is not practical. Also, the proposed development only
consists to 4 residentialtsts each with an estimate area of potential disturbance of
less than an acre. It is anticipated the area to be disturbed with the addition of one
(1) residence is as follows;

Roof area: 2800 sf;
Lawn: 0.75 acres; 32,670 sf
Gravel Drive: 4,000 sf

Total Area to be disturbed = 39,470 acres or 0.9 acres

The drainage report shall demonstrate that the runoff due to the development is at
or below historic or of negligible increase (specifically at design points 10/11, 12, &
15) therefore detention is not required.

! Per the indicated disturbance per lot (0.9acre/lot) along with the disturbance for the
proposed roadway this project is an applicable development site (ECM 1.6.1). All
applicable development sites must have operational permanent stormwater quality
control measures (ECM 1.7.1) unless an exclusion applies (ECM 1.7.1.B). Please be
be sure to site any exclusions that apply such as ECM 1.7.1.B.5 (large lot single
family sites). Please be aware of the limitations of this exclusion and also this
exclusion does not apply to the roadway.
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The drainage report shall demonstrate that the runoff due to the development is at or below historic or of negligible increase (specifically at design points 10/11, 12, & 15) therefore detention is not required. 
Per the indicated disturbance per lot (0.9acre/lot) along with the disturbance for the proposed roadway this project is an applicable development site (ECM I.6.1). All applicable development sites must have operational permanent stormwater quality control measures (ECM I.7.1) unless an exclusion applies (ECM I.7.1.B). Please be be sure to site any exclusions that apply such as ECM I.7.1.B.5 (large lot single family sites). Please be aware of the limitations of this exclusion and also this exclusion does not apply to the roadway.


Xlil.

XIV.

A PBMP applicability form will be required to be
submitted. See attached. @

Erosion control logs

Erosion control blanket

Seeding and mulching on the disturbed areas Please reference ECM
Stone Check dams 1.7.2 or County DCM Vol

2 CH4.1 and revise the
Four Step Process / steps accordingly
As stated in the City of Colorado Springs DCM Volume 2, the Four Step
Process is applicable to all new and re-developed 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 development. Included is the Four Step Process

for SC Woodmen Filing No. 1. < Please revise

Step 1: Employ Runoff Reduction Practices:

Minimize Directly Connected Impervious Areas (MDCIA): Roof drain downspouts
wil! drain across pervious landscape strips where possible to aid in minimizing the
direct connection of impervious surfaces. The water will then travel across the
natural ground cover before entering the swales described in this report.

Step 2: Implement BMPs that provide a water quality capture volume with
d fo

slow release. See previous comment regardi
A detention/ Water quality Pond is not recommen RIAR ht regarding
water quality and revise

Step 3: Stabilize streams. el
Ali of the existing swales are stable with only negligible signs of erosion. The
vegetation is well established. With only a minimal increase in flows it is expected
that the swales will remain in a very stable condition.

Step 4: Implement site specific and other source control BMPs.

The BMPs recommended for the site are for the borrow ditches along Forest
Heights Circle and for along the gravel drives that are to be constructed for each
residence. These facilities include erosion control logs, staked hay bales at the
entrances to the culverts under Forest Heights Circle, and stone check dams in the
borrow ditches along Forest Heights Circle at locations where erosion is currently
occurring.

Construction Cost Estimate
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[bookmark: _Toc527462935]Post Construction Stormwater Management Applicability Evaluation Form

This form is to be used by the Engineer of Record to evaluate applicable construction activities to determine if the activities are eligible for an exclusion to permanent stormwater quality management requirements.  Additionally Part III of the form is used to identify and document which allowable control measure design standard is used for the structure.

		Part I. Project Information	



		1. Project Name: 



		2. El Paso County Project #:

		3. ESQCP #: 



		4. Project Location:

		Project Location in MS4 Permit Area (Y or N):



		5. Project Description: 



		If project is located within the El Paso County MS4 Permit Area, please provide copy of this completed form to the Stormwater Quality Coordinator for reporting purposes; and save completed form with project file.







		Part II. Exclusion Evaluation:  Determine if Post-Construction Stormwater Management exclusion criteria are met.  Note: Questions A thru K directly correlate to the MS4 permit Part I.E.4.a.i (A) thru (K). If Yes, to any of the following questions, then mark Not Applicable in Part III, Question 2.



		Questions

		Yes



		No

		Not Applicable

		Notes:



		A. Is this project a “Pavement Management Site” as defined in Permit Part I E.4.a.i.(A)?

		

		

		

		This exclusion applies to “roadways” only.  Areas used primarily for parking or access to parking are not included.



		B. Is the project “Excluded Roadway Development”?

		

		

		



		· Does the site add less than 1 acre of paved area per mile?

		

		

		

		



		· Does the site add 8.25 feet or less of paved width at any location to the existing roadway?

		

		

		

		



		C. Does the project increase the width of the existing roadway by less than 2 times the existing width?

		

		

		

		For redevelopment of existing roadways, only the area of the existing roadway is excluded from post-construction requirements when the site does not increase the width by two times or more.  This exclusion only excludes the original roadway area it does NOT apply to entire project.  



		D. Is the project considered an aboveground and Underground Utilities activity?

		

		

		

		Activity can NOT permanently alter the terrain, ground cover or drainage patterns from those present prior to the activity



		E. Is the project considered a “Large Lot Single-Family Site”? 

		

		

		

		Must be a single-residential lot or agricultural zoned land, > 2.5 acres per dwelling and total lot impervious area < 10 percent.







		Questions (cont’d)

		Yes



		No

		Not Applicable

		Notes



		F. Do Non-Residential or Non-Commercial Infiltration Conditions exist?

Post-development surface conditions do not result in concentrated stormwater flow or surface water discharge during an 80th percentile stormwater runoff event.

		

		

		

		Exclusion does not apply to residential or commercial sites for buildings.

A site specific study is required and must show: rainfall and soil conditions; allowable slopes; surface conditions; and ratios of imperviousness area to pervious area.



		G. Is the project land disturbance to Undeveloped Land where undeveloped land remains undeveloped following the activity?

		

		

		

		Project must be on land with no human made structures such as buildings or pavement.



		H. Is the project a Stream Stabilization Site?

		

		

		

		Standalone stream stabilization projects are excluded.



		I. Is the project a bike or pedestrian trail?

		

		

		

		Bike lanes for roadways are not included in this exclusion, but may qualify if part of larger roadway activity is excluded in A, B or C above.



		J. Is the project Oil and Gas Exploration?  

		

		

		

		Activities and facilities associated with oil and gas exploration are excluded.



		K. Is the project in a County Growth Area?

		

		Note, El Paso County does not apply this exclusion.

All Applicable Construction Activity in El Paso County must comply the Post-Construction Stormwater Management criteria.







		Part III.  Post Construction (Permanent) Stormwater Control Determination



		Questions

		Yes

		No



		1. Is project an Applicable Construction Activity?

		

		



		2. Do any of the Exclusions (A-K in Part II) apply?

		

		



		If the project is an Applicable Construction Activity and no Exclusions apply then Post-Construction (Permanent) Stormwater Management is required.

Complete the applicable sections of Part IV below and then coordinate signatures for form and place in project file.

If the project is not an Applicable Construction Activity, or Exclusion(s) apply then Post-Construction (Permanent) Stormwater Management is NOT required. Coordinate signatures for form and place in project file.










[bookmark: _GoBack]

		Part IV:  Onsite PWQ Requirements, Documentation and Considerations

		Yes

		No



		1. Check which Design Standard(s) the project will utilize.  Standards align with Control Measure Requirements identified in permit Part I.E.4.a.iv.

		

		



		A. Water Quality Capture Volume (WQCV) Standard

		

		



		B. Pollutant Removal/80% Total Suspended Solids Removal (TSS)

		

		



		C. Runoff Reduction Standard

		

		



		D. Applicable Development Site Draining to a Regional WQCV Control Measure

		

		



		E. Applicable Development Site Draining to a Regional WQCV Facility

		

		



		F. Constrained Redevelopment Sites Standard

		

		



		G. Previous Permit Term Standard 

		

		





		2. Will any of the project permanent stormwater control measure(s) be maintained by another MS4? 

If Yes, you must obtain a structure specific maintenance agreement with the other MS4 prior to advertisement.

		

		



		3. Will any of the project permanent stormwater control measures be maintained by a private entity or quasi-governmental agency (e.g. HOA or Special District, respectively)?

If Yes, a Private Detention Basin/Stormwater Quality Best Management Practice Maintenance Agreement and Easement must be recorded with the El Paso County Clerk and Recorder.

		

		







		Part V Notes (attach an additional sheet if you need more space)



		



















Project design is complete to include the project design, construction plans, drainage report, specifications, and maintenance and access agreements as required.  The engineering, drainage considerations and information used to complete these documents is complete, true, and accurate to the best of my belief and knowledge.

Signature and Stamp of Engineer of Record							Date

Post-Construction Stormwater Management Applicability Form has been reviewed and the project design, construction plans, drainage report, specifications, and maintenance and access agreements as required, have been reviewed for compliance with the Post Construction Stormwater Management process and MS4 Permit requirements.

Signature of El Paso County Project Engineer							Date



2019 		Page 2 of 3

Daniel Torres
File Attachment

Daniel Torres
Callout
Please reference ECM 1.7.2 or County DCM Vol 2 CH4.1 and revise the steps accordingly

Daniel Torres
Callout
Please revise

Daniel Torres
Highlight

Daniel Torres
Callout
See previous comment regarding water quality and revise accordingly.


ltem # Item Description Approx Units | Unit Price|Total Cost
Quant

1 Remove Existing 18" CMP ' 150 LF $25 53

2 install 24" CMP 150 LF $96 514,400

3 Install 24" CMP Flared End Section 3 EA $850 $5,100 |
Sub Total ) 523,250
Contingency (10%) $2,325 |
Grand Total $25,575

XV. Drainage Fee Calculations
The drainage fee was determined based on a total of 32.59 acres with the
development of 4 lots of greater 5 acres each. The site is located in the Kettle
Creek Drainage Basin which has the following fees per each impervious acre
(Exhibit 4, Appendix).

Drainage Fee per impervious acre $ 10,305
Bridge Fee per impervious acre $ 0
Total Fees per impervious acre $ 10,305

Total Project Area = 32.59 acres

% Impervious = 7% per El Paso County for 5 acre lots
Impervious Area = 2.281 acres

Fee reduction for 5-acre lots = 25%

Total Impervious area = 1.711 acres

Total Fees = $ 17,629.28
The Drainage Fees are to be paid prior to the recording of the plat.

XVi. SUMMARY
The report addresses the hydrologic and hydraulic parameters for both the
existing and developed conditions for the entire site even though there are
insignificant increases in the runoff for the developed conditions. The three (3)
existing culverts under Forest Heights Circle were evaluated on a limited basis in
order to determine the anticipated hydraulic conditions.

it has been demonstrated that the existing 18" culverts do not have sufficient
capacity due to the sedimentation and vegetative growth around the ends of
each culvert. It is recommended that these culverts be replaced with 24" CMP
culverts and the inverts be set so that the culvert can develop self-cleansing
velocities. It has been pointed out that grading of the existing swales upstream
and downstream of the culverts is not recommended because doing so would
destabilize the existing wetland areas that have developed at either end of the
culverts.
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The installation of detention/ Water Quality facilities is not practical for this project
since the proposed lots have different outfall locations. If evaluated separately,
the area that is expected to be disturbed for each\lot is less than 1 acre.

Erosion contro! facilities are recommended to minirpize erosion in the borrow
ditches along both sides of Forest Heights Circle as\well as along both sides of
proposed gravel driveways accessing the new residances. It is recommended
that temporary facilities include the following:

staked hay bales
erosion control logs
erosion control blanket
stone check dams
seeding

*« & & 0o @0

Please revise per
comments provided
on the previous
pages
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APPENDIX EXHIBITS




Exhibit 1: General Location Maps
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Exhibit 2: FEMA FIRM Map
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Exhibit 3: SCS Soils Map and Data
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Custom Soil Resource Report

Map Unit Legend

e | ‘MapUnitName  * | AcresinAol

26 Elbeth sandy joam, 8to 15 145
percent slopes

40 Kettle gravelly loarmy sand, 3 to 101.2 87.5%
8 percent slopes

Totals for Area of Interest 116.7 100.6%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a sail 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 sails 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 serfes. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are simifar in composition, thickness, and arrangement.

Soils of ane series can differ in texture of the surface tayer, slops, 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
commenly indicates a feature that affects use or management, For example, Alpha
siit loam, 0 to 2 percent slopes, is a phase of the Alpha series.

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

A complex consists of two or more soils or miscellaneous areas in such an iniricate
pattern or in such smalf 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 anficipated 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, 0to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more sails 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 ail of them. Alpha and Beta sails, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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El Paso County Area, Colorado

26—Eibeth sandy loam, 8 to 15 percent slopes

Map Unit Setting
National map unif symbof: 367y
Elevation: 7,300 to 7,600 feet
Farmiand classification. Not prime farmland

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

Description of Elbeth

Setting
Landform: Hills
Landform position (three-dimensional). Side slope
Down-slope shape. linear
Across-slope shape: Linear
Parent material: Alluvium derived from arkose

Typical profile
A - 0fo 3 inches: sandy loam
E - 3to 23 inches: loamy sand
Bt - 23 fo 68 inches. sandy clay loam
C - 68 fo 74 inches: sandy clay loam

Properties and qualities
Slope: 80 15 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 (Ksaf). 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
Available water storage in profile: Moderate (about 7.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrolagic Soil Group: B
Hydric soil rating: No

Minor Components

Other soils
Percent of map unit:
Hydiric soif rating: No

Pleasant
Percent of map unit:
Landform: Depressions
Hydric soif rafing: Yes

10
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40—Kettle gravelly loamy sand, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 368g
Elevation: 7,000 to 7,700 feet
Farmiand classification: Not ptime farmland

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

Description of Kettie

Setting
Landform: Hills
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy alluvium derived from arkose

Typical profile
E - 0 to 16 inches: gravelly loamy sand
Bt - 16 to 40 inches: gravelly sandy loam
C - 40 to 60 inches: extremely gravelly loamy sand

Properties and qualities
Sfope: 3 1o 8 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class; Low
Capacity of the most limiting fayer to transmit waler (Ksat). High (2.00 to 6.00
in/hr)
Depth to water table; More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 3.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification {nonirrigated): 4e
Hydrologic Soif Group: B
Hydric soil rating: No

Minor Components

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

11
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Other soils
Percent of map unit:
 Hydric soif rating: No

12
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Hydrology Chapter 6
Figure 6-5. Colorado Springs Rainfall Intensity Duration Freguency
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IDF Equations
I](m =.2.52 ln(D) +12.735
T59 = ~2.25 In(D) + 11.375
L =-2.00 In(D) + 10.111
Ly =-1.751In{D) + 8.847
Is=-1.50 In(D) + 7.583
IL=-119 In(D) + 6.035
Note: Values calculated by
equations may not precisely
duplicate values read from figure.
6-52 City of Colorado Springs May 2014
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Chaptet 6 Hydrology

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

" Runoff Coefficients
Land Use or Surface Parcent
Characteristics Imperviaus 2-year S-year 10-year 25-year S{-year 100-year
HSG ARS | H5G CRD | HSG ARB | HSG CRD | W56 ARG | HSG C&D | HSG ALB | HSG C&D | H5G A&B | HSG C&D HsG A&B | HSG CERD
Business
Commercial Areas 95 0.79 0,80 0,81 0.82 0.83 .84 .85 0.87 (.87 0,88 (.88 0.89
Neighborhood Areas 70 0.45 0.49 0.43 .53 0.53 0.57 0.58 0.62 0.60 0.65 .62 0.68
Residential i
1/8 Acra or less 65 0.43 0.45% 0.45 0.49 0.49 0.54 0.54 0.59 0.57 0.62 0.59 ,,15.65
1/4 Acre 40 0,23 0.28 .30 033 0.36 0.42 0.42 0.50 0.46 0.54 050 058
1/3 Acre 30 0.18 0.22 0.25 0.30 0.32 .38 0.39 0.47 0.43 0.52 0.47 0.57
1/2 Awre 25 0.15 0.20 0.22 0.28 0.30 0.36 0.37 0.46 0.41 0.51 0.46 0.56
1Acre 20 0.12 0.17 0,24 .24 0.27 0.34 0.35 0,44 0.4 0.50 0.44 0.55
industrial
Light Areas 80 0.57 0.60 0.59 0.63 0,63 {.66 0,66 Q.70 0.68 0.72 G.70 0.74
Heavy Areas 50 0.71 0.73 0.73 0.75 0.75 0.17 0.78 .50 .80 .82 0,81 0.83
Parks and Cemateries 7 005 0.09 0.12 0.19 0.20 .29 .30 0.40 0.34 0.46 0.39 0.52
Playgrounds 13 0.07 0.13 Q.16 0,23 0,24 0.31 0,32 0.42 0.37 0.48 0.41 0.54
Ralisoad Yard Aveas 40 0,23 028 0.30 0.35 0.36 0.42 0.42 0.59 0.46 0.54 0.5¢ .58
Undeveioped Areas
Histaric Flow Analysis— 3
Greenbelts, Agriculiure 0.03 0.05 (.08, 0.16 .17 0.26 0.26 0.38 0.31 0.45 0.36 @51
pasture/Meadow 4] 0.02 0.04" 0.08 0.15 0.15 Q.25 0.25 0.37 0.30 0.44- 0.3% .50
Forest . Ly 0.02 0.04 .08 0.15 3,15 0.25 0.25 0.37 0.30 0,44 0.35 0.50
Exposed Rock 100 0.83 0.89 0.90 2,90 0.92 0.92 0.94 0.94 0,95 0.95 0.95 0.96
Offsite Flow Analysis {when a5 . ’
\anduse is undefined) 0.26 031 0.32 a.37 038 | o44r| 044 0.51 0.48 0.55 0.5% 0.59
Streets
Paved 100 0.89 0.89 0.50 0.90 0.92 0,92 0.94 0.94 0.95 0.55 0.96 0.96
Gravel 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
Drive and Walks 100 0,89 0.82 0.50 0.90 . 082 0.92 0,94 0.94 0.95 0.95 0.96 0.96
Roofs 90 0.7t 0.73 0,73 0.75 0.75 a7 0.78 0.80 0.80 0.82 081 0,83
Lawns Q 0,02 0,04 0,08 0.15 0.15 0.25 - 0.25 0.37 ‘0.30 0.44 0.35 0.50

32 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 patt 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 (t,) 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
Drainage Criteria Manual, Volume 1



Chapter 6 ' Hydrology

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 (7;) 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 nlet in the
system) in an urbanized catchment should not exceed the time of conicentration calculated using Equation
6-10. The first design point is defined as the point where runoff first enters the storm sewer system.

L
t =-—+10 Eq. 6-10
* =130 (Eq )

Where:

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

L = waterway length (f)

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, Fquation 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.

3.2.4 Minimum Time of Concentration

If the calculations result in a 7, of less than 10 minates for undeveloped conditions, it is recommended that
2 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 6-19
Drainage Criteria Manual, Volume 1
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1, =1, +1, (Bq. 6-7)

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

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

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

) 20.395(1.1—05}\[17 Eq. 6

; 033
Where:

t; = overland (initial) flow time {min)
Cs = runoff coefficient for 5-year frequency (see Table 6-6)

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

urban land uses)
S = average basin slope (ft/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 propertics 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=CsS" (Eq. 6-9)
Where:
V = velocity (fi/s)
C, = conveyance coefficient (from Table 6-7)
S, = watercourse slope (ft/ft)
6-18 _ City of Colorado Springs May 2014
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El Paso County Drainage Basin Fees

Resolution No, 1§-441

Basin Receiving Year Prainage Basin Name 2020 Drainage Fee 2020 Bridge Fee

Number Waters Studied (per Ympervious Acre) {per Tmpervious Acre)
Drainage Basins with DBPS's:
CHMS0200 Chico Creek 2013 Haegler Ranch $10,737 $1,685
CHWS1200 Chico Creek 2001 Bennett Ranch $12,020 54,611
CHWS1400 Chico Creek 2013  Falcon 330,807 $4,232
FOFQO2000 Fountain Creek 2001 West Fori Jimmy Camp Creek 513,066 $3.866
FOFO2800 Fountain Creek 1991*  Big Johnson / Crews Gulch 516,084 82,464
FOFO2800 Fountain Creek 1988  Widefigld $18,084 30
FOFQO2900 Fountain Creek 1888*  Security $18,084 30
FOFO3000 Fountain Creek 1991 Windmiill Gulch $16,084 $286
FOFQ3100/ FOFO3200 Fountain Creek 1988*  Carson Street / Little Johnson: 311,640 ¢
FOF03400 Fountain Creek 1884* Peterson Field $13,764 31,044
FOFQO3800 Fountain Creek 1981*  Fisher's Canyon 310,084 $0
FOFC4000 Fountain Creek 1986  Sand Creek $19,698 $6,057
FOF04200 Fountain Creek 1877  Spring Creek $9,897 $0
FOFC4600 Fountain Creek 1984*  Southwest Area $18,084 50
FOFC4800 Fountain Creek 1991 Bear Creek $12,084 $1.044
FOFQ5400 Fountain Cresk 1977 21st Street $5,742 S0
FOFO5600 Fountain Creek 18564  19th Street $3,756 $G
FOFQ5800 Fountain Creek 1964 Camp Creek $2,115 50
FOMO0408 Morument Creek 1986* Mesa $9.982 $0
FOMO1000 Monument Creek 1981  Douglas Creek 512,001 $2585
FOMOC1200 Morument Creak 1977 © Templeton Gap $12,320 §286
EFOMO1400 Monument Creek 1976 Pope's Bluff $3,823 $652
FOMO1600 Monument Creek 1976  South Rockrimmon $4,486 $0
FOMO1800 Monument Creek 1973  North Rockrimmon $5,742 $0
FOMO2000 Monument Creek 1971  Pulpit Rock 56,328 $0
FOMO2200 Monument Creek 1984  Cottonwood Creek / S. Pine $19,084 $1.044
FOMO2400 Monument Creek 1866 Dry Creek $15.065 $545
FOMO3600 Monument Creek 1989*  Black Squirrel Creek $8,664 $545
FOMO3700 Monument Creek 1987 Middle Tributary $15,925 $0
FOMO3800 Monument Creek 1987  Monument Branch $19,084 $0
FOMOA4000 Monument Creek 1986  Smith Creek $7,780 51,044
FOMO4200 Monument Creek 1988  Black Forest $19,084 $520
FOMOS5200 Monument Creek 1993* Dirty Woman Creek $19,084 $1.044
FOMOS300 Fountain Creek 1993*  Crystal Creek $19,084 $1,044
Miscellancous Drainage Basins: *
CHBS0800 Chico Creek Book Ranch $17,906 52,592
CHEC0400 Chice Creek Upper East Chico $9,755 $283
CHWE0200 Chico Creek Telephone Exchange $10,718 $251
CHWS0400 Chico Creek Livestock Company. $17,655 $210
CHWS0B00 Chico Creek Waest Squirrel $9.203 $3,819
CHWSO0800 Chico Creek Solberg Ranch $19,084 $0
FOFQ1200 Fountain Creek Crooked Canyon $5,761 30
FOFQ1400 Fountain Creek Calhan Reservoir $4.,810 $280
FOFQ1600 Fountain Creek Sand Canyon $3,475 $C
FOFO2000 Fountain Creek Jimmy Camp Creek® $19,084 $8e3
FOFQ2200 Fountain Creek Fort Carson $15,065 $545
FOFQ2700 Fountain Creek Waest Little Johnson $1,257 50
FOFO3800 Fountain Creek Stratton $9,154 $409
FOFQOS5000 Founizin Creek Midland 315,065 $545
FOFOGC00 Fountain Creek Palmer Trail 515,085 $545
FOFO6800 Fountain Creek Biack Caryon $15.065 $545
FOMOQ4600 Monument Creek Beaver Creek $11,409 0
FOMO3000 Monument Creek Kettle Creek $10,305 $0
FOMO3400 Monument Creek Elkhom §1,731 $0
FCMOS000 Monument Creek Monument Rock $8,272 $0
FOMO5400 Monument Creek Palmer Lake $13,226 30
FOMOBE00 Monument Creek Raspberry Mountain $4.448 $0
PLPLOZ00 tMonument Creek Bald Mountain $9.481 $0
Interim Drainage Basins: *
FOFQ1800 Fountain Creek Littke Fountain Creek $2,440 $0
FOMO4400 Monument Creek Jackson Creek $7.554 $C
FOMO4800 Monument Creek Teachout Creek $5,245 $788

1. The miscellaneous drainage fee previous to September 1999 resolution was the average of all drainage fees for basing with Basin Planning Studies performed
within the: last 14 years.

2. Interim Drainage Fees are based upon draft Drainage Basin Planning Studies or the Drainage Basin {dentification and Fee Estimation Report. (Best avaitable
inforrnation suitable for setting a fee.)

3. This is an interim fee and will be adjusted when a DBPS is completed. In addition to the Drainage Fee a surety in the amount of $7,285 per impervious acre
shatl be provided to secure payment of additional fees in the event that the DBPS results in a fee greater than the cumrent fee. Fees paid in excess of the future
revised fee will be reimbursed. See Resolution 06-326 (9/14/06) and Resolution 16-320 (9/07/16).

EPC Stormwater Management Jennifer frvine, P.E.




Exhibit 6: Erosion Control Facilities

e Staked Hay Bales

e Erosion Control Logs

o Erosion Control Blanket
e Stone Check Dams



Exhibit 7: Hydrologic Calculations




Sub Basin Summary

Existing Developed

D Q5 Q100 Q5 Q100

cfs cfs cfs cfs

A 3.4 238 37 24
B 4.4 28.1 4.6 285
c 1.4 7.9 1.8 8.4
D 23 14.3 27 148
E 1 49 14 55
F 2.8 207 31 211
G 27 17.8 3 18.2
H 5.3 343 56 347
I 2.4 13.7 238 14.3

J 1 7.1 1 7.1




Design Point Summary

provide missing info

Design Contrib Sub Area Q5 Q100

i basins {acres) {cfs) (cfs)
1 Easterly End of Cul-de-sac

2 A 17.4 34 236
3 High Point between A& B

4 B 20.8 4.4 29.1
5 o 3.9 1.4 7.9
6 Ridgeline intersection between C & D
7 D 75 2.3 14.3
8 High Point along Herring Road

g E 2.3 1 4.9
10 B,C,.D.EF 19.4 75 47.8
11 B,H 44 1
11aN B,C,D,EH 63.5

12 \ J 34

13 F 18.7

14 \ AG 273

15 \ AF.G 46

Please show this
design point on the
drainage map.
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Please show this design point on the drainage map.
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Please change the
reference to DCM
table 6-6 and
verify that your
numbers are
consistent with the
Volume | update



JPatton
Engineer
Please change the reference to DCM table 6-6 and verify that your numbers are consistent with the Volume I update.
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staff suggests revising the engineering company name to what is indicated on the cover sheet.
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JPatton
Engineer
Please change the reference to DCM table 6-6 and verify that your numbers are consistent with the Volume I update.


Exhibit 8: Hydraulic Calculations
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1/23/2020

Open Channel Flow Calculator

The open channel flow calculator

Select Channel Type:
' Trapezoid ¥ |

! Depth from Q

v %Select unit system:  Feet(ft) v

: 045 | Bottom width(b) 50 |
?hamel slope: .045 | Water depth(y): 0.06 o jPottom wi (b) ‘ L
i e i
Flow velocity 1.136416 | ; e [RightSlope (Z2): 1 |
low velocity ‘ ||LeftSlope (Z1): 15 Gty |RighiSlope(22):15
ft/s | —— o to 1 (H:V)
Flow discharge 3.4 . i[Ilnput 1 value .040 |[ or select ry
fth3/s
. Calculate! | E Status:iCaloulation finished Reset
Wetted perimeter5177 | | . Top width(T)51.7 |
. el 4 LA Flow area2 99 fth2 i Op widih(T)51.76 ;
| — m—— -
HSpecific 0.08 : : Fl
«-PE_—]_ energy008 Froude number 0.83 , o _Sjsatus 7
Tt :Subcritical flow ;
|[Critical depth0.05 | .. : ! ity head0.02 |
iwfi cal depth0.05 Critical slopei0.056 i/t ;—]E-l-?f—lf-yw °ad0.02 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engincering, Lamar University.

hitps:/fwww.eng_aubum. edu/~xzf0001/Handbook/Channels. html

1M



Swale 4

11232020 Open Channel Flow Calcuiator
The open channel flow calculator
Select Channe! Type:

| Trapezoid v |

| Depth from Q

Channel stope: .045 {Bottom width(b 50
e pe:. ‘ Water depth(y): 10.19 i ®) :
i t
Flow velocity 2.4008 = | RightSlope (Z2): 15 |
L OW o LeftSlope (Z1): /15 BThy) (agmSlope(22):15
Ws | — o 1Y)
Flow discharge23.6 Input n value .040 ! | or select n
3/
Calculate! | Stams:fgpalculaﬁon finished | Reset I
Wetted perimeter 55. : | ; Top wi 55. %
Wetted perimeters5.6 | ik ow area9.83 2 T0p Width(1)58:56 |
Specific energy0.28 —_—-—Mdou ~ 1|Flow st
' pecticenergy028 Froude number 1.01 ‘ 1 w3 '.:f.!?us
Tt Supercritical flow ;
Critical depth0.19 . — Velocity head0.09
%»E—me P Critical slope0.0386 At ﬁm(-)-gz head0.09 |
i [ |

Cepyright 2006 Dr. Xing Fang, Depariment of Civil Engineering, Lamar University.

hitps:/iwww.eng.aubum.edw/~xzf0001/Handbook/Channels. html

gl



1/24/2020 Open Channet Flow Calculatar
;
The open channel flow calculator |
Select Channel Type:

 Trapezoid ¥ |

I Depth from Q

\a §|Seiect unit system: Feet(ft) v |

Channel slope: |.031
/At |

Water depth(y): 10.09 |t

13

Bottom width(b) 60
—

Flow velocity 1.067177
fi/s

LeftSlope (Z1): 15 %to 1(HV)

RightSlope (Z2): 15
to1(HV)

Flow discharge6.1 | {|iput n value 048 || or select v

ftr3/s

- Calculate! | Status: Calculation finished . Reset |

Wetted perimeter62.8 ‘ Top width(T)62.79 %
;»==mp = Flow area5.72 [ftr2 ; P (6279 E
0 ft
Specific energy0.11 | — Flow status %
wg-mm L L L Froude number 0.62 f oW S |
it e Subcritical flow ]
Critical depthl0.07 . Velocity head0.02 |
o P Critical slope 0.0807 it M ad0.02 |

;

Copyright 2600 Dr. Xing Fang, Department of Civil Engincering, Lamar University.

hitps:/Aww.eng.aubum.edu/~xzf000 1/Handbook/Channels. him

1M



1/24/2020 Open Channel Flow Calculator
TN
v 7
The open channel flow calculator
|
Select Channel Type:

| Trapezoid ¥

i

| 'Depth from Q v §|Select unit system: | Feet(ft) v

Channel slope: .031 | . g Bottom width(b 60

i o ope] ' Water depth(y):10.29 it Bottom width(b) o
i oz | ;

low velocity 2.225844 ' g |[RightSlope (Z2): 1

S veloaity ! LeftSlope (Z1): 115 GoTmw |[RghtSlope (2215

/s — 7 o 1 (HY)

Flow disc@arge%‘l 4 | Input n value .048 | | orselectr
ftA3/s
|| Calculate! | Status: Calculation finished | Reset | 7
| ——— , , ‘ ‘
'Wetted perimeter 68.69 = 1 Top width(T)#68.67 i
i;E===? ) ||Flow area 18.6 fth2 %ﬁfm& (T)ese7 |
Specific energy0.37 S Flow statu 5
wgu-i—- neeyRel Froude number0.75 oW _s_a >

ft ‘Subcritical flow

Critical depthi0.24 | . : ‘ 008 |
]EEI_,,E_,_ pthnss | Critical slope/0.0517 futt %ﬂfﬂheadL
| H i

Copyright 2000 Dr. Xing Fang, Departinent of Civil Engineering, Lamar University.

hitps:/fiwww.eng.auburn.edu/~xzf300 1/Handbook/Channels.html

1M



1/24/2020 Open Channet Flow Calculator
I r«%“\fﬁ,@v ...... -
| ‘ !
| The open channel flow calculator
Select Channel Type:
| Trapezoid ¥ |

l i Depth from Q

|Select unit system: | Feet(ft) v |

Phannel slope: .046 | Water depth(y): 0.11 it 1Bftt?m width(b) 2
Tt S it

{[Elow velocity 1.494305 . ightS] S 1 o
|0 veoeily LeftSlope (Z1): 110 oTmwy  |[RehtSlope(Z2):10
ft's " j to 1 (H:V)

Flow dischargel4.4 [Input n value .048 |["or select

ftr3/s

' Calculate! | l Status: Calculation finished l Reset |

Wetted perimeter 27.27 | Top width(T)27.2

Fm==—~—=-¥p — Flow area2.94 fin2 op Wi (Tyg725___|
Specific energy0.15 | e Flow st 5
; e : neeyRe Froude number 0.8 | : oW 3 -atus

ft ‘ :Subcritical flow i

Critical depth|0.1 N ———— Veloci 003 | |
;;%lmiiw P Critical slope0.0725 |/t ﬁiﬂheadoﬂ—ﬁw—’ g
@

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University,

hitps:/Awww.eng.avbum.edw/~xzf000 1/Handbook/Channels.htm!

1M
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1/2412020 Open Channef Flow Calculator 3
L) o o
!
The open chiannel flow calculator

Select Channel Type:
| Trapezoid v |

'Depth from Q v | |Select unit system: Feet(ft) v | |

h 046 | , . |Bottom width(b) 25
,C annel slope R Water depth(y): |0.34 it 5 ottom widin(b) —d
it — — o
Flow velocity|2.984159 | ‘ ———— |[RightSlope (Z2): 10

' : LeftSlope (Z1): 110 o 1 (H:V e —_—
ft/s pe (Z1): o1 (V) to 1 (H:v)
Flow dischargeizgj ! Input n value .048 | | or select n
ft3/s
 Calculate! | Status: Calcutation finished | Reset |
Wi imeter 31. L Top wi 31.8 |
i etted perime er31.89 Flow areal9 75 2 |ﬂop width(T)31.86 ‘
i 048 | — ‘ Fl

m energy04s Froude number0.95 ov : jsams 1
ft : -Subcritical flow !

itical depth0.33 | I ‘ ; i 014 |
= Sl depth033 Critical slope0.0498 Tt %lil-ﬂ headL

Cepyright 2004 Dr. Xing Fang, Department of Civil Engineering, Lamar University.

hitps:/fwww.eng.aubum.edu/~xzf3001/Handbook/Channels. html 1M



2/12/2020

Open Channel Flow Calculator

The open channel flow calculator

Select Channel Type:
| Trapezoid v |

i Depth from Q

v E)Select unit system: | Feet(ft) v |

- :’”7 T N . = i !
Flhannel slope: |.033 | ‘Water depth(y): 10.1 it Bottom width(b) 85 ‘
ift/ft : & it
ROW velocity 1131842 ‘ LeftSlope (Z1): 25 o 1 (HV) le;smghtSk)xpe (22): 25 |

o 1(H:V)

Flow dischargel9.7
ft"3/s

| Input n value .048 i [ or selectn

| Calculate! |

Status:iCalculation finished

Reset :

Wetted perimeter 89.9

| ‘ Top width(T)89.
Flow area8.57 ftr2 g?l.'i;ﬁith( )\L
Specifi 0.12 | A l

PR T e ([Froude mumber 0,65 | v low status

ift bt -Subcritical flow

R a— = . ‘ ‘
e SR Critical slopel0.0805 [t %Welomty head0.02 |

Copyright 2000 Dr. Xing Faag, Department of Civil Engineering, Lamar University.

https:/fwww.eng.auburn.edu/~xzf0001/Handbeok/Channels. html

1



2/12/2020 Open Channel Flow Calculator
/OO Ned T
The gpen channel flow calculator |
Select Channel Type: |
 Trapezoid v | i
|
Y [

' Depth from Q

v

§|Seiec‘€ unit system: | Feet(ft)

it

Channel slope: 033 |

Water depth(y):|0.29 it

85

Flow velocity 2.335098

ft/s

LeftSlope (Z1): 125 i

= ]

o 1 (H:V)

RightSlope (Z2): 25
fo1(HV)

Input n value .048 |I"or select

Calculate! | Status: Caloulation finished | Reset |
Wetted perimeter 99.71 : Top width(T)99.7
- P — ] Flow areai27.15 fth2 uﬂgﬂm ( )L——"———‘
Specific enerey0.38 | : - [Flow status
;,._E)__, b B Froude number0.79 e
7t  Subcritical flow
Critical depth0.25 ‘ .. . : Velocity headlo.08 |
e PSS Critical slope0.0524 I/t ﬁﬁ_____l__‘FY —_—
]

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University,

hittpsi//www.eng.aubum.edu/~xz/0001/Handbeok/Channels.htm|

1/1



1/24/2020 Open Channet Flow Calculator AN

The open channel flow calculator

Select Channel Type:
| Trapezoid ¥ |
Depth from Q v | [Select unit system: Feetl(it) v | %

_MEIOPB 055 | ‘Water depth(y): 0.05 ft ottom width{b) 2
i S — R

T s itv 1. i — : -
?*OW velocity 1.017034 | LefiSTope (Z1): 10 BT &ghtSlope (Z2): 10 i
Flow discharge 1.4 | |Input n value 048 [ orselectn

fth3/s

| Calculate! | EStatus:i;C_alcutation finished || Reset | ;
] etted perimeter26.08 ! é Flow area.38 pres .:Fop width(T)26.08 3

Specific energy 0.07 | I Flow status 1
e — Froude number0.78 ‘ - ;
ft _— I Subcritical flow 3
Critical depth0.05 ' . ; : Velocity head0.02 |
| T P05 | Critical slope0.075 Tt = y e —

Copyright 2000 Dr, Xing Fang, Department of Civil Engineering, Lamar University.

https://www. eng.aubum.edu/~xzf000 1/Handbook/Channels. html il
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1/24/2020 Open Channel Flow Calculator
[ OO e
| The open channel flow calculator
Select Channel Type:
' Trapezoid V |

| Depth from Q A

ISelect unit system: | Feet(ft) ¥

i : =
Channel slope: .055 ;

Bottom width(b) 125

:

¥

.u Water depth(y): 0.15 it

R e — o

Fiow velocity 1.961156 | | N ight : 10 |
0 veloclty 1.967156 ([LeftSlope (Z1): 110 oTmyy  |([RiehtSlope (Z22): ‘

s | — to 1 (HV)_

Flow dischargc%?.S | Input n value.048 ! | or select n

ftr3fs

Calculate! | Status:/Calculation finished Reset !

Wotted perimeter28. | ‘ . idth(TY28.04 |
i ctie PEUmetelﬁ_ﬁﬂg____J Flow area4.03 i:ﬁz\z %ﬁﬁ% (’r)@____

Specific energy0.21 ,

Froude numberi0.91 !

Flow status

§Subcritical flow

[Critical depth0.15
R

Critical slope0.0596 it

H

Velocity head0.06

Cepyright 2000 Dr. Xing Fang, Departmeni of Civil Engineering, Lamar University.

hitps://www_eng.aubum.edu/~xzf0001/Handbook/Channels. html
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112412020 Open Channel Flow Calculator
S N e
The open channel flow calculator
Select Channel Type:

Trapezoid v

Depth from Q v | (Select unit system: | Feet(ff) v |

hannel slope: |06 | 7 25
C upe stope e | ‘Water depth(y): [0.07 it
Flow velocity1.215952 | | ¥ RightSlope (Z2): 110 |
i VO oe ' LettSlope (Z1): 10 T gy paetSlope (Z2):10
ift's ! —“““"‘“‘ o 1 (H:V)

| |Input n value .048 [ orselectn

- Calculate! | Status:Calculation finished ; Reset |
Wetted perimeter 26 .48 | . P — Top width(T)[26.47
| permeler=o2® | Flow area1.89 2 mg———‘Y—L (T)\—-—m——-'
Specific energyi0.1 | ————— Flow status *
P nereyel Froude number 0.8 | : ow S tu
it e ‘Subcritical flow i
Critical depthi0.06 | . : Velocity heado.02 |
%_E_,_,l, pth0.06 Critical slope0.0841 |fe/ft éﬁfﬁz caclle | E
| ; i :

Copyright 2000 Dr. Xing Fang, Departiment of Civil Engincering, Lamar University.
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Open Channel Flow Calculator

LEE N e

The open channel flow calculator

Select Channel Type:
 Trapezoid ¥ |

| Depth from Q v | lISelect unit system: |Feet(ft) ¥ |
Channel slope: .06 | 25
amme slope: .06 Water depth(y): 0.21 ift e
fii = R |

low velocity 2.503745 | RightSl 1 B
Llow velocily2,503745 LefiSlope (Z1): 110 TRy ([ehtSlope(Z2):10
fus — 1" o 1TV
Flow discharge 14.3 Input n value .048 | or select

3/s
i1 Calculate! Status:%{:a{cu!ation ﬁnished_ Reset |

d peri 29.24 | i 29.21

X\fetwenmeterw Flow area5.71 A2 %&&gm(ﬂ@g__—
ﬁSpeC] ¢ energy0.3 ‘ Froude number 1 F h.“.” status
it - Critical flow
[Critical depth0.21 | . — Velocity head0.1 |
gzﬁifig L I— Critical slope0.0577 it = elocity head0.1 |
ik

Copyright 2800 Dr. Xing Fang, Denartment of Civil Engineering, Lamar University.
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The open channel flow calculator

Select Channel! Type:

' Trapezoid ¥

| ' Depth from Q v z|Select unit system: Feet(ft) v | 3
loss | Bottom width(b 35

hanndlslope: 1038 [ g er depth(y): (0.1 I Bottom widih(b)

i — f

Flow velocity 1.140327 . | ——— Right - 30
ﬁw{)w velocity 1.1403 \ LefiSlope (Z1): 130 o1 V) ghtSlope (Z2) |
ftis — ' to 1 (H:V}

Flow discharge4.7 | ||Input n value .048 || orselect rl

3/s

~ Calculate! Status: Calculation finished ' Reset |

Wetted perimeter41.47 | Top width(T)41.47

P 2 |IFlow area4.12 e Top widtn(T)a1.47
Specific energy0.13 | e m— Flow status

: peciicenergyl. s | Froude number 0.64 1 WSt |

ft - ‘Subcritical flow
Critical depth0.08 i I ‘ ; Velocity head0.02 |
P phm= Critical slope0.0708 it ﬁ____i}_f —_—
i "

Copyright 2000 Dr, Xing Fang, Department of Civil Engineering, Lamar University.
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Open Channel Flow Calculator

The open channel flow calculator |

Select Channel Type:
| Trapezoid ¥ |

{ Depth from Q

v ! I’Seiect unit system: Feef(ft) v

Channel slope: .033 | Bottom width(b) 35 -
—_ Water depth(y): [0.29 ot (a—— L ——
i pth(y) i .
i ] [ i
Flow ity 2,17 ! : [ e HRg 1 13
T‘E‘Qﬁ velocity 2173393 | LeftSlope (Z21): 30 | %to 1 (H:V) %Iji%]iiiﬂe (Z2y30
ft/s _ e T to 1 (H:V)
Flow discharge 28 Input n value .048 | orselectn
fth3/s
| Calculate! | l Status: Calculation finished % ' Reset |
[ Wett imeter52. . , Top width(T)52.64
Wetted perimeter 52.65 Flow area 1588 e Top width(T)52 :
T E— [Flow statms
:'Spem cenergy037 Froude number 0.77 ] i o S jtatu
it ISubcritical flow
itical depthi0.25 | . — Veloci doo7 | |
mgnncal pth025 Critical slope0.0535 Lt méﬁe ocity head0.07 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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Open Channel Flow Calculator

The open channel flow calculator

Select Channel Type:
 Trapezoid ¥ |

Pl

{ ! Depth from Q

! gSelect unit system:  Feet(ft) v |

hannel slope: 1.033 | 5 idth(p) 35 |
Channol slope Water depth(y): [0.14 = Bottomwidin®) 35
e S R
Flow ity 1.397 5 i Richt - |
low velocity 1.397503 | LefiSlope (Z1): 130 gRx,gh Slope (Z2): 30 ,
ﬁ/s 101 .(H:V) .
Flow dischargel?.&‘) Input n value .048 ‘ | or select n
ft*3/s
- Calculate! 2 Status: Calculation finished | Reset |
Wetted perimeter43.24 Top width(T)43.23 E
penmeteree? 0 [Flow area5.37 fth2 0P W1 (Mas2s
Specific e 0.17 I Flow statu: %
& Terey Froude number 0.7 ' ow ?.a > : ;
ft 1Subcritical flow :
Critical depth0.11 | . ‘ : Velocity headip.03 |
i%fimiiw i LN Critical slope0.0645 At o coctly hea = |
Ui |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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2/12/2020 Open Channel Flow Calculator

The open channel flow calculator

Select Channel Type:
" Trapezoid v |

“ "Depth from Q v EISeIeCt unit system: |
Channel slope: .033 | 35 |
?_,.,.2‘52,13 ope: % ] ‘Water depth(y): 0.4 It : :
fi S |

w velocity2.567492 | | RightSlope (Z2):
m velocity - LeftSlope (Z1): 130 -;wgmgmgg? (@2:20 |
fils to 1 (HV)
Flow discharge47.8 Input n value .048 \ | orselectn
;ﬁ"&’s
' Calculate! ‘ Status: Calcutation finished  Reset
Wetted perimeter 58.83 o ‘ - Top width(T)|58.81
PIEIIREEE 1 |IFlow area18.62 ) :,ﬂop width(T)se.81
] i
Specific energy05 ) I[F1 tatu
: peet nereyls Froude number 0.8 : oW S .a >
ft ] 'Subcritical flow

itical depthi0.35 | ) ‘ Velocity head0.1 |
;m;:n ical depth0.35 | Critical slope 0.0489 R ﬁme ocily head0l

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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124/2020 Open Channel Flow Calculator e
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i
The open flow calculator
Select Channel Type:

| Trapezoid ¥ |

| Depth from Q

v §§|§eleci unit system: Feet(ft) ¥

Channel slope: 047 |

'Bottom width(b) 60

s

| :10.05 _K o
R Water depth(y): | .
Elow velocity 0.854289 | LefiSlope (Z1): Eﬁw 1Y) ) Me (Z2y.15

o 1 (H:V)

Flow discharge2.8 | lnput n value .048 [ orselectn
ftA3/s
. Calculate! | \ Status:%CalcuEation finished | Reset ;
Wetted perimeter 61.62 | | i 61
e kit ’ Flow area3.28 fth2 !:%_#Op Wldth(T)M? 62
" |
Specific energyi0.07 —_—— F1 1
i & |[Froude number 0.65 | Flow status
it ; —_— 'Subcritical flow
|(Critical depth0.04 | i | . Veloci Y f
| P— e Critical slope0.0744 Tt %..?.,OCIW head001 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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1/24/2020 Open Channel Flow Calculator

The open channel flow calculator

]
|
3

Select Channel Type:

| Trapezoid v |

[ Depth from Q v | USelect unit system: Feet(ft) v | |
hannel slope: .047 | Bottom width(b) 60
Channel slope: 047 Water depth(y): 10.17 1t Bottom width(b) | .
Tt — R
Flow velocity 1.928958 | | : | e ight 72): 1 |
low velocity 1 LeftSlope (Z1): 15 Lto 1 (H:V) ‘lemwgh Slope (22): 15 ‘
ft/'s e o to 1(HV)
Flow discharge20.7 o Input n value .048 || or select
3/s
- Calculate! Status:%Caiculation finished 3 Reset '
Wetted perimeter65.16 Top width(T)65.1
A P 16516 | ikjow area10.73 2 %awth( 08515
' '5
Specific energy 0.23 ———— Fl '
: P nergyles Froude numbern0.84 sl ?.tams
it : \Subcritical flow
Critical depth0.16 | i — ‘ Veloci do.os |
ﬁfwmm [ LA Critical slope 0.0581 st -;}ﬁe ocity head0.06 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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The open channel flow calculator
Select Channel Type:
| Trapezoid ¥ |
| Depth from Q v i Select unit system: | Feet(ft) v !

Channel slope: |.031 | Bottom width(b) 60 B
2 P 1 | Water depth(y): [0.12 Bottom widin(b) |
i — a i H - : i

Flow velocity1.225314 | | Fr—— RightSlope (Z2): 15 ;
| = R * LefiSlope (Z1): 15 Ty fghtSlope (Z2):15
fus e o1 (HV)
{[Flow disgharge}&g ! Input n value .048 | orselectn

ftA3/s

. Calculate! | _ E Status: Calculation finished i{ Reset

Wetted perimeter 63.54 R Top width(T)63.53 |

’ P Akt S %Flow area7.26 : p W@ (Dgsss

t i it

Specific energy0.14 | E e Flow status

P L3S Froude number 0.64 v -

it ' ' Subcritical flow

Critical depth0.09 | .. : Velocity head0.02 |
miw L ~ete S Cntical slopel0.074 it oty —

Copyright 2808 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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12412020 Open Channel Flow Calculator )
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l
The open channel flow calculator
Select Channel Type:

| Trapezoid v

| Depth from Q

\ %]Select unit system: | Feet(ft) ¥

Channel slope: .031 |
Ut |

‘Water depth(y): ﬁ_____

il

]

ﬂ -

Bottom width(b) 60

Flow velocity 2.617141
s |

LefiSlope (Z1): [15 to 1 (HY)

RightSlope (Z2): 15
fo 1(H:v)

Flow discharge/62.1

|fnput n value .048 || or selectri
fth3s
' Calculate! | |[Status:\Caiculation finished | Reset |
Wetted perimeter 70.9 Lo ; : Top width(T)70.88 ?
;_wmmug bl gFlow area23.73 Ifth2 ; p width(T)7088
Specific energy 0.47 e 1IFlow status
! P 8. ' Froude number0.8 —
ft e Suberitical flow ;
Critical depthl0.31 | . — Veloci 011
PR pit=2t Critical slope 0.0504 Aft = ocity head0.11 |

14

Copyright 2000 Dr. Xing Fang, Department of Civil Engincering, Lamar University.
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Land Development Consultants, inc.

Sails, Geology, and Geologic Hazard S‘iudy
Didieau Subdivision

rterring Road & Forest Heights Circle

Parcel Nos. 52080-00-05C & 52080-00-120
El Paso County, Colorado

SCOPE OF THE REPCRT
The scope of the report will include the Tollowing:

= A general geologic analysis utilizing published geologic data. Detallad site-specific mapping
will be conducted {o obtain general information in respect to major geographic and geclogic
feaiures, geologic descriptions and their effects on the development of the properiy.

FIELD INVESTIGATION

CQur field investigation consisted of the preparation of a geologic map of any bedrock features
and significant surficial deposits. The Natural Resource Conservaiion Service (NRCS),
previously the Scil Conservation Service (SC8) survey was also reviewed to evaluate the site.
The position of mappable units within the subject property are shown on the Geologic Map. Our
mapping procedures involved both field reconnaissance and measurements, and aerial phoio
reconnaissance and interpretation. The same mapping procedures have alsc been utilized o
produce the Geclogy/Engineering Geology Map which identified pertinent geologic conditions
affecting development. The field mapping was performed by personnel of Entech Enginsering,
inc. on January 3 and 30, 2020.

Two test borings and two fest pits were excavated on the sits to determine gensral suitabifity for
the use of on-site wastewater treatment systems and general soil characteristics. The iocation
of the test pit is indicated on the Site Plan/Test Pit Location Map, Figure 3. The Test Fit Log s
presented in Appendix B. Resuits of this testing will be discussed later in this report.

waboratory testing was also perfermed on some of the soils to classify and determine the soils
engineering characterigiics. Laboratory tests included grain-size analysis, ASTM D-422, and
Atterberg Limits, ASTM D-4318. Results of the laboratory testing are included in Appendix C. A
Summary of Laboratory Test Resuits is presenied in Table 1.

SOIL AND GECLOGIC CONDITIONS

Saoll Survey

The Natural Resource Conservation Service (NRCS) (Reference 1, Figure 4}, previously the
Scil Conservation Service (Reference 2} has mapped two soll tvpss on the site. Complate
descriptions of the soll types are presented in Appendix D. In general, the soils consist of sandy
ioam to gravelly ioamy sand. The soils are described as {oilows:

Tvpe Descripiion
28 Elbeth Sandy Loam, 8 — 15% Slopes
a0 Kettle Gravelly Loamy Sand, 3 — 8% Slopes

[T



Land Development Consulfants, Inc.

Soils, Geology, and Geologic Hazard Study
Didleau Subdivision

Herring Road & Forest Heighis Circie
Parcel Nos. 52090-00-050 & 52020-00-120
&l Pazo County, Colorado

The soils have been described to have moderate to rapid permeabilities. The soils are
described as well suited for use as homesites. Possible hazards with soils erosion are present
on the site. The erosion potential can be conirolled with vegetation. The soils have been
describad to have moderate erosion hazards (Reference 2).

Soils

The soils encouniered in ihe test borings and test pits consisted of silty sand to very clayey
sand overlying weathered fo formational silty sandstone and very sandy claysions. Bedrock
was encountered at depths ranging from 2 o & fest. The upper sands were encountersd at
looss o dense states and moderate moisture conditions, and the sandsione was encouniared
at very dense stales and moderaie moisture conditions. The claysions was encounterad at hard
congistencies and moderate moisture conditions. The samples of sand issted had
approximately 12 to 38 parcent of the soil size particles passing the No. 200 sieve. FHA Swail
Testing on a sample of the very clayey sand resulied in an expansion pressure of 1640 psf,
which ingicaies a moderate expansion potential. The samples of sandstons tested had 10 to 22
percent of the soll size particles passing the No. 200 sieve. The samples of claysione tested
had 54 to 58 percent of the soil size particles passing the No. 200 sieve. FHA Swall Testing on
a sample of the claysione resulted in an expansion pressure of 730 psf, which indicates 2 low to
moderate expansion potential. Highly expansive claystone and siitsione lenses ars commonly
interbedded in the Dawson Formation,

Groundweaier

Groundwater or signs of seasonally occurring waler were not encountered in the test borings or
test pits, which were drilled to 20 fest and excavated fo 8 fo 7 feet. It is anticipated groundwatsr
wil not affect shallow foundations on the majority of the site. Areas of potentially ssascnal
shaliow and seasonal shaliow groundwater have been mapped in drainages on the sits that are
discussed in the following sections. Fluctuations In groundwater conditions may sccur dus
variations in rainfall or other factors not readily apparent at this time. Isolated sand layers within
the soil profile can carry water in the subsurface. Contractors should be cognizani of the
potential for the occurrence of subsurface water features during construction.

Geclogy

Approximately 12 miles west of the site is a major struciural feature known as the Rampart
Range Fault. This fault marks the boundary between the Great Plains Physiographic Province
and the Southern Rocky Mountain Province. The site exists within a large structural feature
known as the Denver Basin. Bedrock in the area is typically gently dipping in a northerly
direction {Reference 3). The bedrock underlying the site consists of the Dawscn Formation of
Crelaceous Age. The Dawson Formation typically consists of coarse-grained arkosic sandsione
with interbedded layers claystone or siltstone.

The geology of the site was evaluated using the Geoiogic Map of the Black Forest, by Thorson
in 2003, (Reference 4, Figure 5). The Geclogy Map for the site is presented in Figurs 8. Four
mappable units were identified on this site which is described as follows:

3



Land Development Consulianis, Inc.

Sails, Geology, and Geclogic Hazard Study
Didlezu Subdivision

Herring Road & Forast Heighis Circle

Parcel Nos. 32080-00-050 & 52000-00-120
El Paso County, Colorado

Qaf Artificial Fill of Holocene Age: These consist of man-made fill deposits associated
with a gas pipeline that bisects the site in portions of Lot 1 and Lot 2. Fill piles
consisting of logs and branches are located across the site.

Qal Recent Alluvium of Holocene Age: These are recent deposits that have been
deposited in ihe drainages that exist on-site. These materials consist of siity 1o
clayey sands. Some of these alluviums can contain highly organic soils.

Gau Alluvium, Undivided of Holocene and Pleistocene Age: These are shestwash
and siream dsposiied alluvium that exisis in the western portion of the site
associaied with alluvial-iilied valley heads. These materials typically consist of =ity to
clayey sands and gravel.

Qe/Tkd Colluvium of Quaternary Age overlying Dawsen Formation of Teriiary to
Cretaceous Age: The materials consist of colluvial or residual soils overlying the
bedrock materials on-site. The colluvial scils were deposited by the action of
sheetwash and gravity. The residual soils were derived from the in-situ weathsring of
the bedrock on site. These materials typically consist of silty to clayey sand with
potential areas of sandy clays. The bedrock consists of the Dawson Formation. The
Dawson Formation fypically consisis of coarse-grained, arkosic sandsions with
interbedded lenses of fine-grained sandsione, siltstons and claysicne.

The soils listed above were mapped from site-specific mapping, the Geologic Map of the Black
Forest Quadrangle distributed by the Colorado Geologic Survey in 2003 (Referance 4, Figure
S}, The Geologic Map of the Colorado Springs-Castle Rock Area, distributed by the US
Geological Survey in 1878 (Heference 35), and the Geologic Map of the Pushic 1° x 2°
Guadrangie, districuted by the US Geological Survey in 1978 (Reference 6). The iest borings
and test pits were used In evaluating the site and is includsd in Appendix B. The Geology Map
prepared for the site is presented in Figure 8.

ENGINEERING GECLOGIC HAZARDS

Mapping has been performed on this site o identify areas where various geologic conditions
exist of which developers should be cognizant during the planning, de‘-‘igﬂ and construction
stages where new consiruction is proposed. The engineering geologic hazards identified o
this site inciude potentially seascnal shallow and seasonally shallow groundwater arsas. Thes
hazards and recommended mitigation technigues are discussed as follows:

Expansive Soils

Expansive soils were encountered in Test Boring No. 2 located on Lot 3. These occurrences are
fypically sporadic; therefore, none have been indicated on the maps. Highly expansive
claystone and silistone are commonly interbedded in the sandsione of the Dawson Formation.
Thess clays, if encouniered beneath foundations, can cause differeniial movement in the
struciure foundation.
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Mifigation: Should expansive scils be encountered beneath the foundaiion; mitigation will be
necessary. Miigation of expansive soils will require special foundation design. Overexcavation
and replacement with non-expansive soils at a minimum of $5% of s maximum Modifisd
Proctor Dry Density, ASTM D-1557 is & suitable miligation, which is common in the area. Floor
siabs on expansive soils should be expected io axperiance movement. Overexcavation and
replacement has been successiul in minimizing siab movements.

FPotentially Seasonal Shaliow and Seasonal Shallow Groundwater Area

The site is not mapped within any floodplains according to the FEMA Map No. 08041003206,
dated December 7, 2018 (Figure 7, Reference 7). Areas of potentially seasconal shallow and
seasonal shallow groundwater were observed on the site (Figure 8). In these areas, ws would
anticipate the potential for periodically high subsurface moisture conditions and frost heave
potential. These areas lie within low-lying areas and along the drainages in the eastern and
western portions of the site. The seasonal shallow groundwater area is locaied zlong Burgess
Creek located along the eastern portion of the site on Lot 4. The potentially seasonal shallow
groundwater area is located in the westemn portion of the site on Lot 2. Water was not ohserved
in any of the drainages at the time of our site investigation. These areas can fikely be avoided
or properly mitigated by development. The potential exists for high groundwater ievels during
high moisture periods and should structures sncroach on these areas the following precautions
shouid be followsd.

Mitigation. Foundations must have a minimum 30-inch depth for frost protection. In areas where
high subsurface moisture conditions are anticipaied pericdically, subsurface perimeter drains
are recommenced o help prevent the intrusion of water into areas below grade. Typical drain
details are presented in Figure 8. Any grading in these areas should be done to direct surfac
flow. around construction o avoid areas of ponded water. All organic material would b
completely removed prior to any filfl placement. Specific drainage studies ars beyond the
scope of this report

{ <

RELEVANCE OF GEOLOGIC CONDITIONS TO LAND USE PLANMING

The proposed development will be rural-residential ufilizing Individual on-site wastewater
treatment systems and water wells. Total acreage inveolved in the proposed subdivision is 32.25-
acres. Four rural residential lols are proposed as part of the replat. The proposed ot sizes
range from approximately 5-acres to 15-acres. The existing house located on Lot 2 will remain.
The house on Lot 2 has an sxisting water well and on-site wastewater treatment system. The
new iots will be serviced by an individual wells and on-site wastewater freatment sysiems. The
gxisting geologic and engineering geoclogic conditions will impose minor constraints on
development and construction. The geologic conditions on the site include potentially seasonal
shallow and shallow groundwater areas, which can be satisfaciorily mitigated through avoidance
or proper engineering design and construction practices.

The upper granular soils encountered in the test borings and test pits on the site wers
encountered af loose 1o dense siales, the sandsione was encountered af very dense staies,
and the claystone at hard consistenciss. Highly expansive claysions and siilsione are
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commonly interbedded in the sandstone of the Dawson Formation, Mitigation of expansive soils
will require special foundation design. Cverexcavation and replacement with non-expansive
soils at a minimum of 85% of its maximum Meodified Procior Dry Density, ASTM D-1557 is &
suitable mitigation, which is common in the area. Floor slabs on expansive sclis should b
expeciec 1o experisnce movemeni. Overexcavation and replacemsant has besn succesaful in
minimizing slab movements. These scils will not prohibit development,

[4))

Arsas of potentially seasonal shallow and seasonal shallow groundwater were observed on the
site {Figure ). In these areas, we would anticipate the potential for periodically high subsurface
moisture conditions and frost heave potential. These areas lie within low-lving areas and along
the minor drainage in the western portion of the site, and Burgess Creek in the eastem portion
of the site. These areas can likely be avoided or properly mitigated by development. The
potential exists for high groundwater levels during high moisture periods and should structures
encroach on these areas, Subsurface perimeter drzins are recommended should structures
encroach on this area. Typical drain detalls are presented in Figure 8. Septic systems are not
recommended in in these areas due to the potential for shallow groundwater. Any grading in
theses areas should be done to direct surface flow around construction to avoid areas of
pondec water. All organic material should be completely removed prior to any fill placement.
Specific drainage studies are beyond the scops of this report. The site is not mapped within any
flocdpiains according to the FEMA Map No. 80841C0320G {Figure 7, Refarence 7).

in summary, the granular soils will likely provide suitable support for shallow foundations. The
geciogic conditions encountered on site can be mitigated with avoidance or proper enginaering
and construction practices.

ECONOMIC MINERAL RESOURCES

Some of the sandy materials on-site could be considered a low-grade sand resource.
According 1o the &/ Pasc County Aggregate Resource Evaluation Map (Reference 8), of the
area of the site is not mapped with any potential aggragate resources. According to the Atfas of
Sand, Gravel and Quarry Aggregate Resources, Colorado Fromi Range Counties distributed by
the Colorade Geclogical Survey (Reference 9), the site is not mapped with any resourcas.
According o the Evaluation of Mineral and Mineral Fuel Potential (Refersnce 10), the area of
the siie has been mapped as “ittle or no potential” for indusirial minerals.

According 1o the Evaluation of Mineral and Mineral Fuel Poteniial of El Paso County Siate
Mineral Lands (Reference 10), the site is mapped within the Denver Basin Coal Hegion.
However, the area of the site has been mapped as “Poor” for coal resources. No aciive or
inactive mines have been mapped in the area of the site. No metaliic mineral resources have
been mapped on the site (Reference 19).

The site has been mapped as “Fair” for oil and gas resources {Reference 10}, No oil or gas
fields have been discovered in the area of the site. The sedimentary rocks in the arsa may lack
the geologic siructure for frapping ofl or gas; therefore, it may not be considered 2 significant
resource. Hydraulic fraciuring is 2 new method that is being used fo extract oif and gas from
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productive. The area of the site has not been explored to defermine if the rocks undarlving h
site would be commercially viable utilizing hydraulic fraciuring. The practice of hydratil
fracturing has come under review dus to concemns about environmental impacts, health an
safety.

rocks. 1t ulilizes pressurized fluid to extract oil and gas from rocks that would not normally be
L.!
2

M

.

EROSION CONTROL

The soil types observed on the site are mildly to highly susceptible to wind erosion, and
moderately to highly susceptible o water erosion. A minor wind erosion and dust problem may
be created for a short time during and immediately after construction. Should the problem be
considered severe snough during this time, watering of the cut areas or the use of chemical
paliiative may be required to conirol dust. However, once construction has been completed and
vegeiation re-established, the potential for wind erosion should be considerably reduced.

With regard to water erosion, loosely compacted soils will be the most susceptible to water
erosion, residually weathered solls and weathered badrock maieriale become increasingly less
susceptible to water erosion. For the typical scile observed on site, allowable velcoities or
unvegetated and uniined earth channels would be on the order of 3 to 4 feev/second, depending
upon the sediment load carried by the water. Permissible velocities may be increased throug
the use of vegetation to something on the order of 4 to 7 feei/secons, depanding uporn ihe vpe
of vegetation established. Should the anticipaied velocities exceed these vaiues, some form of
channel fining material may be required io reduce erosion potential. These might consist of
some of the synthetic channel lining materials on the markst or conventional riprap. In cases
where ditch-lining materials are stili insufficient to control erosion, small check dams or sediment
trags may be required. The check dams will serve to reduce flow velocities, as well as provide
- small traps for containing sediment. The determination of the amount, location and placement
of ditch finings, check dams and of the special erosion conirei featurss should be periormed by
or in conjunclion with the drainage engineer who is more familiar with the flow quantities and
velocities.

Cut and filt slope areas will be subjected primarily to sheetwash and rill erosion. Unchacked riii
erosion can eventually iead to concentrated flows of water and gully erosion. The best means
to combat this type of erosion is, where possible, the adequate re-vegetation of cut and il
slopes. Cut and fili slopes having gradients more than three (3) horizontal tc one {1} vertical
become increasingly more difficult o revegetate successfully. Therefore, recommendations
periaining o the vegetation of the cut and fill slopes may require input from a gualifisd
landscape architect and/or the Soif Conservation Service.

CLOSURE

It is our opinion that the existing geclogic enginsering and geologic conditions will impose some
minor constraints on development and construction of the site. The majority of these conditions
can be avoided by construction. Others can be mitigated through proper enginsering design
and construction practices. The proposed development and use are consistent with anticipated
geclogic and engineering geclogic conditions.

- 7
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itshould be pointed out that because of the nature of data obtained by random sampiing of such
variable and non-homogenesous materials as soil and rock, it is important that we be informed of
any differences observed betwesn surface and subsurface conditions encountered in
consfruction and those assumed in the body of this report. Individual investigations for new
building sites and septic systems will be required prior to construction. Construction and design
personnel should be made familiar with the contents of this report.  Reporting such
discrepancies to Entech Engineering, Inc. soon after they are discovered would be greaiiy
appreciated and could possibly help avoid construction and development problems.

This report has been prepared for Land Development Consultants, Inc., for application to ths
proposed project in accordance with generally accepted geologic sofl and enginaering practices.
No other warranty expressed or implied is made.

We trust that this report has provided you with all the information that you required. Should you
require additional information, please do not hesitate o contact Entech Engineering, inc.

Respecifully Submitted,

ENTECH ENGINEERING, INC. Reviewed by:

Legan L. Langford, P.G.
Geologist

LLEA
Encl.

Entech Job No. 192115
AAprolects/2019/192115  sgighs
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Table 2: Summary Tactile Test Pit Resulis

Test USDA Sofl | LTAR Depih Depth to
Piz Type Yalue io Seasonally
Neo, Sedrock (ft.) Ccourring
Groundwatsr i) |
i 347 0.307 3 MA
2 347 0.307 27 MiA
=- Conditions that will requise an sngineered OWTS
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APPENDIX A: Pholographs



Looking north towards
Lot 1 in the eastern
portion of the site.

January 30, 2020

Looking north from the
central portion of Lot
2.

January 3C, 2020

Job No. 182115



Locking south from
the northern portion of
Lot 4.

January 36, 2020

Looking south towards
one of the stockpiles

of cut trees.

January 30, 2020

Job Ne, 192115




Looking northeast
towards stockpile of
trees on Lot 3.

January 30, 2020

Looking north from the
eastern poriion of Lot

3.

January 30, 2020
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APPENDIX C: Laboratory Test Resulis
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COLCRADO SPRINGS, COLORADS 80897 E # f;";?,%Z&




U= CLASSIFICATION  5C CLIENT LDC, INC.

SCIL TYPE 2 PROJECT DIDLEAU SUBDIVISION
TEST BORING & 2 JOB ND. 192115
DEPTH (FT! 3.3 TEST BY BL
Sieve Analysis
Grain Size Distribution
|
| 100% T : z e =
| e ‘ il 10 ! !
80% 1 e ; .
g 7o% — et 1 ;
LB i ! E ' L |
| @ 80% : : : — G — :
|2 s0% 4 Samma : i
5 30% i+ E T i ; ’
= 20% ST S - z | |
10% + f — AW "
0% - & i SRR iR ]
100 10 ' 1 2.1 ¢.0%
Grain size {mm) '
u.s. Percent Atterberg
Sieve # Finer - Limits
3" Piastic Limit
14/2 Liguid Limit
3/4° Plastic index
1/2°
38" 100.0%
4 26.8% Sweall
1G 85.8% Moisture at start 138G
20 T0.2% Mcisture at finish 23.5%
40 587% Moisture increase 11.8%
100 44 3% initial dry density {(pcf) g3
200 38.4% Swell {psf) 1640

ey

B ; ' JOBND

| é LABORATORY TEST 1 s
ENGINEERING, 19C. | HESULTS | eno.
505 ELKTON DRIVE ! g

| s /e

DRAWN: DATE: CHECKED: . DATE:
COLORADO SPRINGS, COLORADD 80807




UNIFIED CLASSIFICATION  SM CLIENT LEC, INC.
SO TYPE # 1 PEOJECT DIDLEAYU SUBDIVISION
TEST BORING # TB-Z JOB NG, 192115
DEPTHIFDY 223 TESTBY BL
Sieve Analysis !
farain Size Distribution
190% - — : =Sty — : — —
90% el E i — —
20% 1 : ™ ' - ;
2 70% et ! . W ' ;
- R | i ! ; ;
¥ Dk | N AN }
& 50% . ; i Cirng iy ! ; 3
E arer ; H L ¢ DL } H
g T T B | R ] |
é’_ 36% T T ‘ : % b
20% ’ -t ; = -
4084 P P i ; 280 : :
fRS ] I I i i 7 ) i i
: 0% i ; - i ; i i | ]
195 b 1 0.1 o0
Grain size {mm}
4.8 Fercent Altierberg
Sigve # Finer Limiis
3" Flastic Limit
e Liguid Lim#
34" Plastic Index
172" 1060.0%
ang" 27.5%
4 93 3% Swell
10 72.7% Moisturs af stadt
20 48.7% Molsture at finish
iy 52% Molsture increass
100 20.35% initial dry density (pef)
200 14.9% Sweli (psh)
b _ JOBNG.:
. LABORATORY TEST 192115
ENGINEERING, INC. FRESULTS fENe:
S05 ELKTON DRIVE %DRAWN' QATE: CHECKED: DATE: {,"'}
COLORADC SPRINGS, COLORADO 50507 j Loid VT S y




UNIFIED CLASSIFICATION S CLIENT LDC, INC.
SOIL TYPE 2 2 FROJECT DIDLEAU SUBDIVISION
TEST BORING # TP-1 JOB NC. 192115
BEPTH {FT) 5-6 TEST BY EL
Sieve Analysis
Grain Size Dislribution
100% b — ]
20% bt <8<l i s i
80% — e - |
£ 7o% : : ekt —
g 60% — b e
S 59% — — ——
5 oaom LLp i ; f : —
I : i : P
5 80% 41— ; L ‘ .
e 3 ] i oy i Lo P
20% ! T ; —
10% 1 | L i *255
0% i HE i RN i i L
100 7 1 6.1 0.01
Grain size {rmmy
U.s. Fercent Atterberg
Sigve ¥ Finer Limniis
3" Plastic Limit
1ot Liguid Limit
/4" Plastic Index
172" 100.0%
38" 245%
4 21.3% Sweell
10 59.5% Moisture at start
20 34.1% Moisture at finish
440 22.5% Moisiure increase
100 11.4% initia! dry density {pci
2G0 ' 0.6% Swell {psf)
P
- JOBNQL: A
. LABORATORY TEST 192115
ENGINEERING, INC. RESULTS 716 A0
305 ELKTON DRIVE E DRAWN: DATE: CHECKED: DATE: Pt
COLORADO SPRINGS, COLORADD 50507 PRt \Vi7/2e LT y




UNIFIED CLASSIFICATION S CLIENT LB, INC.
SOILTYPE % 2 PROJECT DIDLEAU SUBDIVISION
TESTBORING # I JOB NC. 192115
DEFTH (FT} i TESTRBY BL
Sigve dnalysis
Grain Size Distribuiion
100% , B ‘ — S— : :
50°% ——— L o
2 7o : N S L f‘
g 50% i Jr : ! : ‘Q?\%qo a ! ! : ; ; I ; :
& 5o — — e — - .
g Z@% * aEw I 820 1 SR !
5 30% I8 S iy RN
& 0% i ’l L : | : i T E—g0 | _l‘ égrg : ‘ : ‘
0% ; ; i i T i ; I ] i
10% - ; ‘ et ;
o5 i H ! i il i j
00 19 1 0.1 8.07
Grain size {ma)
U.s. Percent Afterberg
Sieve & Finer Limfts
3" Plastic Limit
11/2" Liguid Limit
374" Plastic Indax
/2" 100.0%
Eig® 08.4%
4 2i4% Swell
10 57.2% Moisture at start
20 44 1% fdoisture at finish
43 33.8% Moisture increase
106 25.2% Initial dry density (peh)
200 22.2% Sweli {psf)
g [ somwne:
LABORATORY TEST 152115
EMGINEERING, IMNC. § RESULTS B .
5 ELKT RIVE | WIN: OATE: . TE!
SOLORADG SPEINGS, COLORADG 80307 | %TA * N Yy § g& £~5




UNIFIED CLASSIFICATION  CL CLIENT LD, INC.
SCILTYPES 3 PROJECT - DIDLEAU SUBDIVISICN
TEST BORING # z JOB NO. 192113
DEFTH (FT) 3¢ TESTBY BL
Sieve Analysis
Grain Size Distribulion
100% & i Ty
20% :
80% -
. 00
2 ro% N
% 59% e o
5 0%
g an%
]
;:f 20%
20%
1
10% ] o |
G% i ] i
100 10 4 2.1 0.07
Grain size oo}
U8 Percent Alterberg
Sieve # Finer Lirnits
3" Plastic Limit
112" Liguid Limit
340 Plastic Index
172"
3}! 13
4 W0.0% Swel
10 95.8% Maotsture 21 siart 16.1%
20 93.5% Molsiurs &t finish 20.4%
45 96.1% Moisture incraase 430
100 75.5% Initial dry density (pah 104
208 52.53% Swall {psh 730

b JOBKC
ENTECH ; LABORATORY TEST ettt
ENSINEERING, INC. § RESULTS e
505 ELKTON DRIVE i oRaw: BATE: HECKED: | . TE: ]
COLORALO SPRINGS, SOLORADO 50897 | g o g CHEGRED: PSr ;;;5 . § ! L6
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UNIFIED CLASSIFICATION L CLIENT LDC, INC.
SCILTYPE £ 3 PROJECT DIDLEAD SURDIVISION
TESTBORING # 2 JOB NO, 197118
DEPTH {FT) 5 JEST BY EL
Sieve Analysis
Girain Size Diskibution
160% : sd 5 £ -
s e )
30% \%
Eron
& 60%
& som B 5040
B ao%
(&3
5 a0%
= 20%
10%
0% i
160 10 1 0.1 £.01 *
Grain size (mm)
3, Percent Afterberg
Sieve # Finer Limniis
3" Plastic Limit
14/2° Liguid Limit
/4" Plastic index
1/2"
/e
4 100.0% Swegl]
iC 99.6% Moisture at siart
20 7% Moisture at finish
40 SET% Wolsiure increase
160 82.6% Initlal dry density {pcf)
200 54.2% Sweli (psh
[ soeno
LABORATORY TEST % 162115
ENGINEERING, INC. RESULTS ! FE NG
S03ELKTONBRIVE e E Enmww; DATE: CHECKED: | PATE ‘g S
COLORADG SPRINGS, COLORADO 80807 @ iz W !




APPENDIXN D: Soil Survey Descriptions
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Map Uni Descripdon: Elbeth sandy ivam, 3 to {2 percent slopes——s! Pa
Cglorado

El Paso County Area, Colorado

26—FElbeth sandy loam, 8 to 15 percent slopes

Wiap Unit Selting
Mationai map unit symbol: 367y
Elevation: 7,300 to 7,500 feat
Farmfand clzssiffication: Not orime farmiand

fap Unit Composition
Eibeth and simifar soffs: 85 percent
Estimales are based on observafions, descriplions, and fransects of
the mapunit,

Bescription of Elbeth

Selting
Landform: Hills
Landform position (three-dimensionall: Side siops
Down-slope shape: Linear
Across-sfope shepe: Linear
FParent matedal: Alluvium derived from arkose

=

ypical profile .

A-0to 3inches: sandy loam

£ - 310 23 inches: loamy sand

Bt~ 23 fo 68 inches: sandy clay ioam
C - 881c 74 inches: sandy clay loam

Properiies and gualities
Sfope: 8o 15 percent
Depth fo resirictive featurer Mors than 80 inches
Natural drainage class: Well drainad
Runoff class: Medium
Capacily of the most imiting layer fo transmit water (Ksat):
Moderately high (0.20 o 0.80 infhr)
Depth fo waler table: More than 80 inches
Freguency of fooding: None
Freguency of ponding: Nong
Available water sforage in profife: Woderate {about 7.1 inchas)

interpretive groups
Land capabiffty classification {imigaied): None specified
Land capabilfy classifcaiion {nonimigated): 4e
Hydrologic Soif Group: B
Hydric soff rating: Mo

Minor Components

Cther solls
Fercent of map unit:
Hydric sofl rating: No

Matursl Resourcas Web Sail Survey
Conssrvation Service Mationzai Cooperative Sail Survey

Pl
Page 1of2



fap Unit Deseription: Eloeth sandy leam, § {o 15 percent slopes—&l Pase Counly Ao
cf

i
[

Pleasant
Pereent of map uni:
Landform: Depressions
Hydric soff rating: Yes

Data Source Information

Soil Survey Area:  El Paso County Area, Colorade
Survey Area Data:  Version 17, Sep 13, 2018

5be  Matural Resourses

Wb 3ol Survey
SEE  Canservelon Service

Mational Cocperative Sail Sumvey

[(n )

DN



£l Paso County Area, Colorado

40—Ketlle gravelly loamy sand, 3 to § percent slopes
Map Unit Sstiing
Nadional map unll symbol 3889
Elevetion: 7.000 to 7,700 fae!
Farrnland classification: Not prime farmland

fap Unlt Composition
Heftie and simifar soffs: 85 percant
Esltimates ere based on obssrvations, descripfions, and fransecis of
the mapunil.

Description of Kettle

Setling
Landform: Hills
Landiorm posiifon (three-dimensional): Sids siope
Dowm-slops shaps: Lincar
Across-slops shape: Linsar
Farent material: Sandy aliuvium derived fom arkoss

fypicsl profie

£ - {to 18 inches: gravally loamy sand

Bi- {815 40 inches: gravelly sandy loam

C - 400 80 inches: ediremaly gravelly loamy sand

FProperies 2nd gualities
Sioge: 3o B percent
LDiepih to restrictive festure: More than 80 inchas
Nafura! drainags class: Somewhai excessively drained
Runoff class: Low
Capacity of the most limiting layer to fransmit water (Ksat): High
{2.00 io 8.00 indhr}
Degif fo waler fable: More than 80 inches
Frequency of fooding: Neans
Freguency of ponding: Nore
Avaliable water storsge I profiie; Low {gbout 2.4 Inches!
interprative groups
Lang capabiily classification {iigated): None speciied
Land capabilily classfication {nonirigated): 4s
Hydrologic Soif Group: B
Hydric soif reting: No

Minor Components

Fieasant
Percent of mag uni:
Landform: Degressions
Hydric saif rating: Yes

Hatursi Rescurees
Censsrvatisn Sendce

Web Soil Survey
Hatisrz! Cooperative Sail Survey
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Exhibit 10: Photos (map pocket)




Figure 3: Wetlnd upstrea

Tyna

m of Culert 1

Figure 6: Facing downstream of Culvert 1 .




Figure 9: Facing west alon southerly edge of road Figure 2: cing NE to Swale 3



Figure 14: Facing south along prop line

ol

Figure 17: Wetland area in Swale 3



Figure 18: Facing S at upper end of wetlad area

Figure 20: Facing SW along Swale 3

F

i B

igure 23: Facing SW along PL



: =
Figure 24: Downstream end of Culvert 2

Figure 26: Facing east along noherly edge

Figure 27: 7960 Forest Heights Circle

\ )
. \

Figure 28: Facing south along PL



Figure 33:Facing west along north side

Figure 34: photo omitted

Figure 31:Facing SW alt;ng Swale 6



Figure 36: 7940 Forest Heights Circle

Fiure 37: Asphalt rive 7940 FHC

Figure 39 !

Figure 40: wetland area east of culvert 3




1

Figure 46: Facing est of intersection




i Figure 5<:IA.:7Facmg east from first HP

Figure 49: Facing SW at Herring Rd Crossing



7 Figue 54: Facing west from 2nd HP

Figure 56: Culvert under Herring



Exhibit 11: Historic/ Developed Drainage Conditions (map

pocket)




DESIGN POINT SUMMARY

SWALE SUMMARY

BASIN SUMMARY

CULVERT SUMMARY

DESIGN | CONTRIB SUB AREA Q5 Q100 CONTRIBUTING | SLOPE DESIGN FLOW DPEPTH OF FLOW VELOCITY EXSITING DEVELOPED S5 YEAR 100 YEAR
POINT |  BASINS (ACRES) | (CFS) (CFS) SWALE #1 " SUBBASINS Q5 [ Qi00 | Q5 [ Qi00 | Q5 [ Qi00 "D ["05 [ aioo [ 05 [ Qioo CULVERT # | SizE MATERIALTG " THEADWATER| Q| HEADWATER CONDITION
1 EASTERLY END OF CUL—DE—SAC % cfs cfs ft ft fps | fps cfs cfs cfs cfs (cfs) | REQUIRED | (cfs) | REQUIRED
1 A 4.5 3.4 23.6 0.1 0.2 1.1 2.4 A 3.4 23.6 3.7 24 1 18” CMP 3.4 12" 24.6 > 7.5 FT 75% SILTED, ROADWAY OVERTOPPING WITH 100 YR
2 A 17.4 3.4 23.6
2 A,G 3.1 6.1 41.4 0.1 0.3 1.1 2.2 B 4.4 29.1 4.6 29.5 2 18” CMP 4.4 14” 29.1 > 9 FT 75% SILTED, ROADWAY OVERTOPPING WITH 100 YR
3 HIGH POINT BETWEEN A & B
3 B 4.6 4.4 29.1 0.1 0.3 1.5 3 C 1.4 7.9 1.8 8.4 3 18” CMP 3.7 1.1 FT 22.2 > 7.5 FT 75% SILTED, ROADWAY OVERTOPPING WITH 100 YR
4 B 20.8 4.4 29.1
4 B,H 3.3 9.7 63.4 0.1 0.3 1.1 2.3 D 2.3 14.3 2.7 14.8 4 18” CMP 16.8 4.8 FT 104.2 > 9 FT CLEAN, ROADWAY OVERTOPPING WITH BOTH 5 YEAR . o
5 C 3.9 1.4 7.9 AND 100 YEAR C w BE
5 C 5.5 1.4 7.9 0.1 0.2 1 2 E 1 4.9 1.4 5.5 0] %%%i
6 RIDGELINE INTERSCTION BETWEEN C & D = r;<z§§09__ﬁ
6 D 6 2.3 14.3 0.1 0.2 1.2 2.5 F 2.8 20.7 3.1 21.1 a ggom:zﬁ_.li
7 D 7.5 2.3 14.3 3 b} e Sht
7 C 4.4 4.7 28 0.1 0.3 1.1 2.2 G 2.7 17.8 3 18.2 > E zg'?:z)g
8 HIGH POINT ALONG HERRING ROAD w X o2
8 C,D,E,l 4.4 7.5 47.8 0.1 0.4 1.4 2.6 H 5.3 34.3 5.6 34.7 o '%EI%%EE%‘
9 E 2.3 1 4.9 Q S
9 E 4.7 2.8 20.7 0.1 0.2 0.9 1.9 | 2.4 13.7 2.8 14.3 T} —ZE%?D
10 B,C,D,E,F 19.4 7.5 47.8 o %E%é
10 F NOT EVALUATED DUE TO NO IMPACT ON DEVELOPMENT J 1 7.1 1 7.1 j 580%0§
11 B,H 441 9.7 63.4 << OL5R:
11 J 3.1 8.9 62.1 0.1 0.4 1.2 2.6 O 2L
11a B,C,D,E,H 63.5 16.8 104.2
12 J 3.4
13 F 18.7 2.8 20.7
14 A,G 27.3 6.1 41.4 LEGEND
15 AF,G 46 '
% — DIRECTION OF FLOW
/ —— —— — PROJECT BOUNDRY (£
& Lol o8
/ = m— | === — FLOWLINE NATURAL SWALE 28
3 <E I&J §
/ U mE mm mm - SUBBASIN BOUNDRY
/' = E — DESIGN POINT are these existing or
/‘ 1o proposed. Please
7 —J (x) — SWALE NUMBER SlElrly
< @)
N SUBDIVISION 1.D.
= w 5 YR. RUNOFF COEFFICIENT
D AREA X4 1Q YR. RUNOFF COEFFICIENT
a (ARCES) . i
KN <C |  _ CULVERT 10 or 100 yr~ S
Lol 3
= X — CULVERT NIUMBER @
‘ kS =
(D B 5
' — INDEX CONTOURS % % N
Please analyze the § § §
i . .y — INTERMEDIATE CONTOURS
‘\LIJ 0N x roadside ditches on
Ly the north and Please add some 7 _ ® |~
8 2] southside of the contour elevation labels @) WET AREA (APPROX. LACATION ONLY) § )
= roadway to ensure throughout the plan == SRS
O > 0 v G \\ L____: — EXISTING REIDENCE (APPROX.) . QE_, % LU);
L adequate L=l 8 £ Bl &
/ ~ — PROPOSED RESIDENCE Bl B = | g
N, O N .. e |5|2]2]2
\ - 1 N | YSsud=” : — WETLAND LIMIT (APPROX.) O B|< Tl
\ =7 \\ S g E3 aal
| - Sla|&|©
\X / EXISTING LOT LINES Qq_"__.q 2”8
\‘ - — PROPOSED LOT LINE '2 :S 3 o0 E/ 5
\ T2 it N r < Y 2 gl& 2
\ \ —— - — — SUBDIVISION BOUNDRY 4] U O ool 5| ° 5
=z )
. ( Gy — 0 |g[25| 2
e — EXISITING ROAD (GRAVEL) g g _g*
‘ < B 3|2
el [
\ l l 2| &
(e}
. LOT/ ]
\ (5,29 ARCES)
/ - —
. Please coordinate with LDC to indicate the
required drainage easements on the
S~ @ proposed lots to be platted. In rural
bl SR 7 — L subdivisions where no overlot site grading will Z
3 = be performed and "natural”" drainageways will O
s ’/ < be conveying developed runoff, the easement 2l dp)
@) width for increased capacity of these drainage —
Y channels will be determined by the engineer <C >
(ECM 3.3.4). > =
@) A
\Z L m
0% o Q>
Y ﬁlease show th < N
L b NP7 A S OSSOSO N T T T T ¢ approximate location
T 210 of the culverts. They Z )
,l currently are not 2
visible-on the plan. <
(7:63 ARCES) oY w
PSERET 200" 0 200" 400" N -
-~ | " n" n" " e—
y 7 @ / D
J/ @ I ? ,—o' ¢/ /’ L GH SCALE: 200’ 5
Y 4 /’ ‘ @}‘I/ >
Q- A i & e  NUNDEFINED ! =7
» - >7
| S 4 18 MR (EXSTNE) o /. ; et / e
Please identify if there is a L (== (\_| 7420 AN DMNN ANt _~—o>>N\NT=—_T1_ /L _/_AN_\ P AYESRY M SR
culvert that passes under The Plat includes this
the driveway (yellow .
highlight) th);t(zonveys the v El(?;t?snsg]? 'Elr\:i;he as part of the lot yet Please update the lot there appears to be a Project Number:
flow from swale 8 to lot 2 O culvert on the tze text above says acreage to match Please revise the lot labels so typc;fyv!th :heRrunoff 00000
and ultimately to the herring — plan that it is not part of what is shown on the that they match the plat drawing coe |g|_en X S Sheet.
road roadside ditch. Please LIE as:(;)?::\alllrsi;;r;nd plat. accordingly.
discuss it in the narrative of 11\ 36"CMP (EXISTING) °. .
our report. revise accordingly. Swale 5a was not discussed in the narrative. Also it

appears to be identifying the same swale as indicated
by the swale 12 label. Revise accordingly.

F:\18000\18070-Didleau property\Engineering\KenHarrisonContoursCAD\Drainage Map - Didleau Subdivison.DWG


Daniel Torres
Callout
Please revise the lot labels so that they match the plat drawing

Daniel Torres
Cloud+

Daniel Torres
Cloud+
The Plat includes this as part of the lot yet the text above says that it is not part of the subdivision. Please clarify and revise accordingly.

Daniel Torres
Callout
Please update the lot acreage to match what is shown on the plat.

Daniel Torres
Callout
Please show the approximate location of the culverts. They currently are not visible on the plan.

Daniel Torres
Callout
Please add some contour elevation labels throughout the plan

Daniel Torres
Callout
there appears to be a typo with the runoff coefficient. Revise accordingly.

Daniel Torres
Text Box
Please coordinate with LDC to indicate the required drainage easements on the proposed lots to be platted. In rural subdivisions where no overlot site grading will be performed and "natural" drainageways will be conveying developed runoff, the easement width for increased capacity of these drainage channels will be determined by the engineer (ECM 3.3.4). 

Daniel Torres
Callout
Please identify if there is a culvert that passes under the driveway (yellow highlight) that conveys the flow from swale 8 to lot 2 and ultimately to the herring road roadside ditch. Please discuss it in the narrative of your report.

Daniel Torres
Highlight

Daniel Torres
Callout
Please show the location of this culvert on the plan

Daniel Torres
Callout
Swale 5a was not discussed in the narrative. Also it appears to be identifying the same swale as indicated by the swale 12 label. Revise accordingly.

Daniel Torres
Highlight

Daniel Torres
Highlight

Daniel Torres
Highlight

Daniel Torres
Callout
10 or 100 yr?

Daniel Torres
Callout
are these existing or proposed. Please clarify

Daniel Torres
Callout
Please analyze the roadside ditches on the north and southside of the roadway to ensure that the ditches are adequate 
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