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Certifications and Approvals

Engineer’s Statement
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supervision and are correct to the best of my knowledge and belief. Said drainage
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basin. | accept responsibility for any liability caused by any negligent acts, errors or
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1 and 2, El Paso County Engineering Criteria Manual and Land Development Code
as amended.

El Paso County Engineer/ ECM Administrator

Jennifer Irvine P.E.
(Print name) (Signature)

Date:

Flood Plain Statement

See Section V of this report



I REPORT PURPOSE
The purpose of this report is as follows;

a. Evaluate of offsite conditions both upstream and downstream of the project
site.

b. Discuss existing offsite and onsite drainage improvements that impact the
site.

c. Conduct a hydrologic analysis for both the minor and major storm events (5
year and 100 year respectively). The main purpose for the analysis of the
developed conditions is to demonstrate the negligible increase in runoff.

d. Describe the physical, hydrologic and hydraulic analysis of two (2) of the
four (4) ravines that will be crossed by a proposed private driveway.

e. Discuss the impacts that Kettle Creek has on the project as well as any
impacts that the project has on Kettle Creek. The report will demonstrate
that the impacts are minimal.

f. Locate the Kettle Creek Floodway and Floodplain Discuss and discuss any
impacts.

il. GENERAL DESCRIPTION
a. General

The Project Site consists of a total of 24.65 acres. The site is to be
subdivided into three (3) lots (17.054 acres) and two (2) tracts (7.60
acres). The southerly portion of the Project Site is divided into three (3)
distinct parcels with each bordered on the east and west sides with deep
ravines. Each ravine is vegetated with Ponderosa Pines and bushes and
appear to be reasonably stable. All of the areas are also bordered on the
north by Kettle Creek. These parcels are to be developed as individual
residential home sites. A private driveway is to be constructed from the
Creek View Lane cul-de-sac located northeast of the site. The driveway
will provide access to two (2) lots, Lots 2 and 3. Lot 1 is currently
accessed from Mountain View Drive located to the south .

The Project Site also includes 2 Tracts A and B. Tract A encompasses the
southerly portion of Kettle Creek and its southerly bank located within the
property boundaries. Tract B is a 3.28-acre parcel located in the
northwest section of the Project Site. This area is characterized by steep
and eroded banks of Kettle Creek and is not suitable for home
construction.

b. Location (Exhibit 1, Appendix)
The property is located in the SW % of Section 14, Township 12 South,
Range 66 West of the gth P.M., El Paso County, Colorado (Exhibit 1,
Appendix). The project is located approximately 0.5 miles west of
Milam Road, 0.3 miles east of Howells Road, and 0.8 miles north of
Old Ranch Road. Currently, the only access to the Project Site is from



Mountain View Drive via a private driveway which provides access to
Lot 1.

The other two (2) lots are to be accessed from a private driveway
which is to be constructed from the Creek View cul-de-sac in the Kettle
Creek Subdivision to the approximate center of Lot 2. The driveway is
to be constructed in the 60’ access easement located between the
Creek View Drive cul de sac and the easterly property line of the
project site (Exhibit 1, Appendix).

. Geographic Features

The main geographic features consist of Kettle Creek and the four (4) deep
ravines that routes storm water from properties south of the project site to
Kettle Creek. The average depth of depth from the high bank along Kettle
Creek to the water level varies from 30 to 45 feet. Kettle Creek is heavily
vegetated with only minimal signs of erosion. These ravines are shown as
Ravine 1 through 4 on the attached Drainage Map (Exhibit 9 and 10,
Appendix). The slope from the offsite sub basins (Sub basins OS1 through
0S7) is between 4 and 6 percent. The average slope from the onsite sub
basins is approximately the same. The average slope of the ravines is
approximately 4 to 6 percent. All of the runoff from offsite is collected by the
Four (4) ravines prior to entering the project site. Only a minimal amount of
storm runoff enters the project site.

. Existing Improvements

The only existing improvements are located on Lot 1. A residential structure
has been built on this lot. The location of the structure is shown on the
drainage plan (Exhibit 9 and 10, Appendix). The improvement consists of a
residential structure with the associated driveway and out buildings. There
are no utilities except for those installed to the residence. There are no
channels improvement’s in either Kettle Creek or in the ravines that cross the

property.

. Adjacent Properties (see Drainage Maps this report)

Properties that are adjacent to the Project Site include the following:
e East of and adjacent:: Kettle Creek Subdivision.
« South of and adjacent: unplatted large acre residential parcels
» West of and adjacent: unplatted large acre residential parcels
¢ North of and adjacent: Kettle Creek.



Il. DESIGN CRITERIA AND METHODOLOGY

a. Design Manuals
Applicable excerpts from the following manuals are included in the Appendix

of this report (Exhibit 4 and 5, Appendix)

El Paso County Drainage Criteria Manual (EPCDCM), dated
September 30, 1990, Revised July, 2019 when using the Rational
Method to determine runoff.

Colorado Springs Drainage Criteria Manuals, Volume 1 and 2, dated
May, 2014 when using the Rational Method to determine runoff.
Urban Drainage and Flood Control Manual, Volumes 2 and 3, dated
August 2018

TR55 manual when using the TR55 method for determining runoff.

b. Design Storms

Minor storm: 5 year
Major storm: 100 year

c. Drainage Areas
Areas for the offsite and onsite sub basins were estimated from available
topographic mapping obtained from El Paso County and the Colorado
Springs Utilities.

d. Runoff Estimation

Rational Method (Exhibit 4, Appendix)

This method was used to determine runoff estimates for areas less
than 130 acres. Runoff coefficients and Rainfall Intensities were
obtained from the appropriate tables in the El Paso County and City of
Colorado Springs Drainage Criteria Manuals. Included in the Appendix
are copies of the tables and charts used in this report

TR55 (Exhibit 5, Appendix)

This method was used to determine runoff estimates from sub basins
or combinations of drainage sub basins, with areas greater than 130

acres (per criteria). Included in the Appendix are copies of the tables

and charts used in this report

FEMA Data (Exhibit 2, Appendix)

Data used by FEMA in the preparation of the FIRM maps was
obtained to verify the parameters and assumptions used in this report
to establish runoff and water surface elevations.



e.

f.

Culverts

e Five (5) culverts are proposed for the project. Two (2) are located in
Ravine 1 and 2 where the proposed driveway is to cross. The other
culverts are to be installed under the proposed driveway at
approximate locations shown on the drainage plan. It is expected that
a substantial amount of embankment will be required for the driveway
crossing due to the depth of the ravines.

¢ Erosion Control will be provided at the culvert outlets, in roadside
borrow ditches, and at locations where the borrow diches enter the
Ravines.

e The types of structures at the upstream and downstream ends of each
culvert will be determined upon final design of the proposed driveway.

Erosion control

It is anticipated that erosion control will be a significant issue due to the
amount of sand in the soil. Specific design of the facilities is to be completed
once the final location of the driveway once is determined.

It is anticipated that the final erosion control devises will be required/
recommended:
e Seeding and erosion control blankets
Riprap aprons
Silt fences
Staked hay bales
Erosion control fabric
Erosion control logs.

The locations of the above facilities will be shown on a Grading and Erosion
Control Plan to be prepared at a future date.

IV. EXISTING REPORTS, MAPPING AND INFORMATION

a)

b)

Mapping

Topographic mapping was obtained from the GIS Division of El Paso County.
The approximate locations of the surrounding parcels were inserted from
information obtained from Colorado Springs Utilities (CSU). It is understood
that the mapping is only general in nature and therefore is not suitable for the
preparation of construction drawings.

Surrounding Parcels

The maijority of the properties surrounding the Project Site are composed of
large acreage tracts that have not been platted. The only platted subdivision,
Kettle Creek Subdivision, is located to the east of the Project Site. The plat
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Vi

was recorded in 1966. A Final Drainage Report was not required for these
properties.

c) Kettle Creek Drainage Basin Planning Study
A DBPS was prepared by JR Engineering with the pertinent exhibits included
in Exhibit 6 of the Appendix.

FEMA FLOODPLAIN

The project site is located in FEMA map # (Map 08041C0O295G and
08041C0315G. dated 12/7/2018) (Exhibit 2, Appendix).

The majority of the site is located outside the 100-year floodplain in Zone X which
is an “Area of Minimal Disturbance” for which there are no special requirements
for the construction of commercial or industrial structures. The floodplain extends
into at each of the ravines. As a result, a backwater effect will be created. This
will be discussed in this report.

HYDROLOGIC SOILS INFORMATION

Geotechnical Studies

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 have the following characteristics:

a. Kettle gravelly loam sand:

i. Excessively drained

i. Frequency of flooding: none
iii. Frequency of ponding: none
iv. Hydrologic Soil Group: B

RUNOFF CHARACTERISTICS FOR EXISTING OFFSITE AREAS

a. General Description
The offsite drainage area consists of a total of 421.2 acres. The area slopes
from the southeast to the northwest at an average slope of 4%. The area is
developed as large acreage homesites. The drainage area extends from
Kettle Creek to approximately 2,800 feet southeast of Milam Road. The
southerly boundary of the drainage area is approximately 1,200 feet north of
Old Ranch Road. The majority of the runoff from the offsite areas enters three
(3) ravines that cross the project site and outfall into Kettle Creek. A minimal
amount of runoff actually crosses the project site via sheet flow.

b. Ravine Descriptions
There are three (3) ravines that enter the site from the southeast and outfall
into Kettle Creek. Each ravine accommodates the majority of the runoff from
offsite basins. Only a minimal amount of offsite surface runoff enters the
project site. A driveway is to be constructed from the cul-de-sac at the west



end of Creek View Road to about the middle of Lot 2. This will require the
crossing of ravines 1 and 2. Runoff values for both the 5-year and 100-year
storm will be determined for these ravines in order to size culverts.

e Ravine 1 is located approximately 100 feet west of the Creek View Lane
cul-de-sac. It enters the project site at DP2 and outfalls into Kettle Creek
at DP3. The ravine is approximately 20-feet deep at the proposed
driveway crossing and 30 feet deep at the outfall into Kettle Creek. The
side slopes are approximately 1.5 to 1. The ravine accommodates runoff
from OS1 (34.69 acres), OS2 (179.08 acres), and OS3 (18.4 acres) and
sub basin A (1.96 acres) for a total of approximately 232.17 acres.

¢ Ravine 2 crosses the project site on the west side of Lot 2 and the east
side of Lot 1. The ravine enters the Project Site at DP4 and outfalls into
Kettle Creek at DP5. It is located approximately 400 feet west of Ravine 1.
This ravine extends to the south approximately 400 feet into the offsite
drainage areas. The ravine is approximately 35-feet deep at the proposed
driveway crossing and 45-feet deep at the outfall into Kettle Creek. The
side slopes are approximately 1.5 to 1. It accommodates runoff from
offsite basin OS4 (1.39 acres), onsite sub basin OS8 (1.08 acres), onsite
sub basin B (3.04 acres), for a total of approximately 5.51 acres.

o Ravine 3 is the deepest ravine that crosses the project site. It is located
on the west side of Lot 2 and on the east side of Lot 3. The ravine enters
the Project Site at DP6 and outfalls into Kettle Creek at DP7. It is located
approximately 425 feet west of Ravine 2. It extends approximately 1,450
feet into the offsite areas located south of the project site. It is
approximately 45- feet deep at the outfall into Kettle Creek. No driveway
crossing of Ravine 3 is proposed at this time. The side slopes are
approximately 1.5 to 1. It accommodates runoff from OS5 (91.16 acres),
0OS6 (73.03 acres),and Subbasin D (4.57 acres), for approximately 168.76
acres.

VIIl. RUNOFF CHARACTERISTICS FOR OFFSITE BASINS
a. General

The Rational Method was used to estimate runoff from acreage less than
130 acres. The TR55 method was used to determine runoff from areas
greater than 130 acres. The following is a description of the various
components of each method. The calculations for the hydrology are in
Exhibit 7 of the Appendix. The calculations for the hydraulic
characteristics are in Exhibit 8 of the Appendix.



b. Rational Method (Exhibit 4, Appendix).

1.

2.

Runoff Coefficient: values were obtained from Table 6.2 of the El Paso
County DCM

Time of Concentration: determined by combining the Initial overland
flow, the shallow concentrated flow, and the channel flow. The
formulas provided in the El Paso County DCM were used to determine
these values.

Rainfall: rainfall rates for a specific time of concentration were obtained
from Figure 6-5 of the El Paso County DCM.

c. TR55 (Exhibit 5, Appendix)

1.

Hw

Runoff Curve Number: The runoff curve number was selected from
Table 2-2a of the TR55.

Rainfall: The 24-hr. value was obtained from Table 6-2 of the Colorado
Springs manual.

Rainfall Distribution: Type ||

Direct Runoff: This value was obtained from Figure 2.1 of the TR55
manual

Time of Concentration: this was determined by combining the initial
overland flow, the shallow concentrated Flow, and the channel flow.
The formulas provided in the El Paso County DCM were used to
determine these values

Initial Abstraction: These values were obtained from Table 5-1 of the
TR55 manual.

Unit Peak Discharge: These values were obtained from Exhibit 4-11 of
the TR55 manual.

d. Design Point1 and 2
The following is a summary of the hydrologic and hydraulic characteristics
for offsite basins only. A summary of the hydrologic and hydraulic
characteristics for the onsite basins is included in Section 9 of this report.

1.

Drainage Area:

DP1 is located at the junction of two (2) offsite swales (S1, S2, that
collect runoff from 0S1, OS2, and OS3. DP2 is located where Swale 1
enters the project site from the southeast. Aimost all of the runoff from
the offsite basins is collected by ravine 1.

e. Design Point 4

1.

Drainage Area:

Only a negligible amount of runoff from offsite basin 0S4 enters the
project site at this DP. The majority of the runoff is generated from
Onsite Subbasins B. The hydrologic and hydraulic properties of this
onsite sub basin is summarized in subsequent sections of this report.

10



f.

g-

Design Point 6

1. Drainage Area:
DPS is located where runoff from OS5, and OS6, enters the project site
from the south. Only a negligible of surface runoff enters the project

site DP4.

Design Point 8

DPS8 is located at the northwest corner of Lot 3 and the southeast corner
of Tract B. Runoff from OS7 is collected by Ravine 4 and is routed to
Kettle Creek at DP8 and DP12.

IX. RUNOFF CHARACTERISTICS FOR HISTORIC ONSITE CONDITIONS

a. Design Point 3 (Ravine 1 outfall at Kettle Creek)

O

Drainage Area

Runoff from offsite basins OS1, 0S2, 0OS3 is collected in Swales 1 and
2 and combine at DP1. From there it is routed to Kettle Creek via Swale
4. Additional runoff is added from onsite basin A before the water is
discharged into Kettle Creek. The total acreage drained by Swale 4 is
234.1 acres. The two (2) swales S1 and S2, combine at DP1 and then is
routed through the project in Subbasin A before out falling into Kettle
Creek. A 48" culvert has been placed at the location where the proposed
driveway is to cross. This crossing is approximately 100 feet upstream of
the outfall (Exhibit 8, Appendix). The FEMA 100-year flood plain
elevation at the outfall of Swale 3 is 6935 and therefore does not
encroach into the site.

Hydrologic Summary
Drainage Area = 234.12 acres

Runoff Curve #: 58
Runoff: 5 year = 6.4 cfs, 100 year = 563.1 cfs

Ravine 1 Hydraulic Summary

Bottom Width: 30 feet

Side Slopes: 1.5 to 1

Depth of flow: 5 year = 0.1 feet 100 year = 0.3 feet
Velocity: 5 year: 2.7 fps, 100 year = 6.2 fps

Froude #: 5 year = 1.71, 100 year = 2.10 (Super critical)

Culvert Hydraulic Summary
Size: 48” (existing)
HW to Depth: 5 yr. = neg, D = neg, 100 yr. = 0.8, 3.7 ft, D=HW = 3.7 ft
The design of the culvert will be accomplished during the final design of
the project. The depth of the ravine requires a lot of fill over the top of
11



the pipe. The fill is approximated at 28.1 feet. It is recommended that
the side slopes of the fill be armored in some manner in order to
minimize the erosion potential’ The swales that are constructed on both
sides of the driveway is to outfall directly into the ravine. Due to the
steepness and the erodibility of the soil additional erosion protection is
required. One recommendation would be buried riprap.

b. Design Point 5 (Ravine 2 Outfall at Kettle Creek)

Drainage Area

DP5 is located at the outfall of Ravine 2 into Kettle Creek. The drainage
area consists of 0S4, OS8. onsite B, and onsite C (for a total of 7.2
acres. The 100- year flood elevation at the outfall is approximately 6929.
A small portion of the floodway extends into the Project Site

Hydrologic Summary (Rational)
Drainage Area = 12.2 acres
Runoff Coefficients: 5 year = 0.08, 100 year = 0.35
Runoff: 5 year = 1.7 cfs, 100 year = 12.5 cfs

Hydraulic Summary
Ravine 2
Bottom Width: 30 feet
Slope: 4%
Side Slopes: 1.5 to 1
Depth of flow: 5 year = neg, 100 year = 0.1 feet
Velocity: 5 year: 1.3 fps, 100 year = 0.3.0 fps
Froude #: 5-year = 1.25, 100 year = 1.67

Culvert Hydraulic Summary
Size: 24” (proposed0
HW to Depth: 5 yr.= neg, 100 yr.1.0, Depth = 2.0 ft.
The fill depth is approximated at 29.5 feet. It is recommended that
the side slopes of the fill be armored in some manner in order to
minimize the erosion potential.

c. Design Point 7 (Ravine 3 Outfall at Kettle Creek)

Drainage Area

DP7 is located at the outfall of Ravine 3 into Kettle Creek. The drainage
area consists of 0S5, 0S8, onsite D , and onsite C for a total of 172.36
acres. The 100- year flood elevation at the outfall is approximately 6924..

Hydrologic Summary
Drainage Area = 172.4 acres
Runoff Curve #: 58
Runoff: 5 year = 5.9 cfs, 100 year = 58.7 cfs

12



O

Hydraulic Summary
Swale 5: Onsite
Slope: 4%
Bottom Width: 40 feet
Side Slopes: 1.5 to 1
Depth of flow: 5-year = 0.1 feet, 100-year = 0.3 feet
Velocity: 5 year: 2.5 fps, 100 year = 6.0 fps
Froude #: 5-year = 1.65, 100 year = 2.04

Culvert:
A culvert is not proposed in Ravine 7.

d. Design Point 8

Drainage Area

DP8 is located along the southerly bank of Kettle Creek. The majority of
the runoff is collected by numerous swales and wash-outs along the
south bank of Kettle Creek. The drainage sub basins include onsite sub
basins OS7 (1.55 acres), F (4.81), G (1.57) for a total of 7.93 acres.

Hydraulic Summary
All of the runoff for this DP outfalls into Kettle Creek per various small
“washouts” along the southerly bank of Kettle Creek. The following is
shown for information purposes since there is no clearly defined outfalls
into Kettle Cr3eek.

Drainage Area = 7.93 acres

Runoff Coefficients: 5 year = 0.08, 100 year = 0.35

Runoff: 5 year = 1.5 cfs, 100 year = 11.5 cfs

e. Design Point 9

Drainage Area
DP9 is located along the southerly bank of Kettle Creek at the

westerly end of the project site. The majority of the runoff is
collected by numerous swales and wash-outs along the south bank
of Kettle Creek. The drainage sub basins include sub basins H
(5.54 acres) for a total drainage area of 5.54 acres.

Hydraulic Summary
The following is shown for information purposes since there is no
clearly Drainage Area = 5.54 acres
Runoff Coefficients: 5 year = 0.08, 100 year = 0.35
Runoff: 5 year = 2.3 cfs, 100 year = 16.8 cfs

13



X. RUNOFF CHARACTERISTICS FOR DEVELOPED CONDITIONS FOR ONSITE

AREA.
Improvements for the project included the following:

e Main gravel driveway along the project site’s northerly property line
Width: 24 feet
Average Length: 450°
TR55 Curve Number 85

Driveway to each residential location.
Width: 20 feet

Average Length: 400 feet

TR55 Curve Number 85

¢ Residence roof area: 7,500 square feet
TR55 Curve Number 85

e Landscaping was assumed to be approximately 0.2 acre.
TR55 Curve Number 85

A composite CN was determined by included the above in the TR55 entry sheet.
There is barely an increase in either the 5 year or 100-year runoff amounts.

Xl ENVIRONMENTAL CONSIDERATIONS
A copy of this report will be sent to Colorado State Fish and Wildlife (CSFW) for

their review and clearance.

XIl. DETENTION AND WATER QUALITY
El Paso County Engineering Criteria Manual, Appendix I, contains the
policies and procedures for Stormwater Quality. Section 1.7.1.B
provides for exclusions to the requirements to provide Post Construction
Stormwater Quality facilities. All areas of the Canyon Estates project
qualify for the allowed exemptions. No water quality or detention
facilities are required for this site as discussed below.

The project consists of 3 large acreage single-family residential lots and
a private gravel driveway. There are no activities or improvements that
require permanent water quality facilities for this project based on the
exclusions found in Section 1.7.1.5.B.2, Section 1.7.1.5.B.3 and Section

1.7.1.5.B.5.

14



According to Section 1.7.1.B.5,

“A single-family residential lot, or agricultural zoned lands, greater than or
equal to 2.5 acres in size per dwelling and having a total lot impervious
area of less than 10 percent is excluded.”

The total area of the site is 24.65 acres The total lot imperviousness for
rural residential lots is less than 10%.

Section 1.7.1.B.2 of the ECM provides exclusion for Roadway
Redevelopment as follows:

“Redevelopment sites for existing roadways, when 1 of the following
criteria is met: 1) The site adds less than 1 acre of paved area per mile of
roadway to an existing roadway, or 2) The site does not add more than
8.25 feet of paved width at any location to the existing roadway"”.

The project involves adding new gravel driveway from the existing cul-
de-sac at the westerly end of Creek View Road.
No pavement will be added to the driveway (criteria 1).

Also, Section 1.7.1.B.3 excludes Existing Roadway Areas.

“For redevelopment sites for existing roadways, only the area of the
existing roadway is excluded from the requirements of an applicable
development site when the site does not increase the width by 2 times or
more, on average, of the original roadway area. The entire site is not
excluded from being considered an applicable development site for this
exclusion. The area of the site that is part of the added new roadway
area is still an applicable development site”.

Again, the project will add a gravel surface to the private driveway which
is approximately 630 feet long and 20 feet wide (0.29 acres).

Storm Detention is not required for this site since the resulting flow
increases from development is found to be negligible and
inconsequential as shown in the above sections.

15



Xlil. FOUR STEP PROCESS

Even though the 4-step process is not required for this project the following are
descriptions of the steps that are being taken to address the 4-step process.

a.

Large Lot Single Family Sites.

A single-family residential lot, or agricultural zoned lands, greater than or
equal to 2.5 acres in size per dwelling and having a total lot impervious
area of less than 10 percent. A total lot imperviousness greater than 10
percent is allowed when a study specific to the watershed and/or MS4
shows that expected soil and vegetation conditions are suitable for
infiltration/filtration of the WQCYV for a typical site, and the permittee
accepts such study as applicable within its MS4 boundaries. The
maximum total lot impervious covered under this exclusion shall be 20
percent. In accordance with section 4.0 of chapter 1 of the EI Paso County
ECM Appendix 1.7.1, the four-step process applies to “projects with
construction activities that disturb 1 acre or greater or that disturb less than
1 acre but are part of a larger plan of development or sale”. Therefore, the
four-step process does not apply to this development.

Step 1: Reduce runoff by disconnecting impervious area, eliminating
"unnecessary" impervious area and encouraging infiltration into soils
that are suitable.

The impervious areas for the project include residences, landscaping,
concrete patios, sidewalks, and the possibility of asphalt driveways. All of
the runoff from the impervious areas drains onto grassed or natural wooded
surfaces. All of the downspouts for each residence are planned to discharge
either within landscaped areas or natural areas. The majority of the site will
remain in its existing natural condition.

. Step 2: Treat and slowly release the WQCV.

A Full Spectrum Water Quality Detention Pond is not required for this site
and therefore does not have the WQCV component.

. Step 3: Stabilize stream channels.

All existing swales will remain “as is”. The vegetation for each swale
includes medium height prairie grasses and small ponderosa pine trees.
These area receives very little maintenance. It is not anticipated that any
of the ravines will be modified in the future. It can be safely assumed that
the negligible increase in flow as a result of development will have minimal
negative impacts on downstream facilities.

Step 4: Implement source controls.

There are no water sources within the project limits or runoff

16



XIV. EROSION CONTROL
Recommended erosion control measures are to be summarized in the
Storm Water Management Permit Application that is being submitted
under separate cover.

XV. STORMWATER MANAGEMENT PLAN (SWMP)
a. A SWMP is to be submitted separately.

XVi DRAINAGE/ BRIDGE FEES
The drainage fee was determined based on a total of 24.65 acres with the
development of 3 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):

2021 Drainage Fee per impervious acre $ 10,666
2021 Bridge Fee per impervious acre $ 0
2021 Total Fees per impervious acre $ 10,666

Total Project Area = 24.65 acres

% Impervious = 7% per El Paso County for 5 acre lots
Impervious Area = 1.726 acres

Fee reduction for 5-acre lots = 25%; 0.4315 acres

Total Impervious area = 1.2945 acres
Total Fees = $ 13,807.14

The Drainage Fees are to be paid prior to the recording of the plat.

XVII SUMMARY
This report provides a thorough analysis of the drainage conditions for
the proposed project. The property is comprisedof 24.65 acres and is
located on the south side of Kettle Creek, east of Howells Road and
west of Milam Road. The subdivision is to be subdivided into three (3)
lots.

The vegetation consists of primarily Ponderosa Pine trees. There are
three (3) main ravines that enter the site from the south that drain a
considerable amount of offsite property. All of the offsite property is
developed as large acreage residential home sites.

It has been demonstrated that there is only a negligible increase in
runoff as a result of development. Also, based on the present
engineering criteria for EI PasoCounty a water quality/ detention pond is
not required
17



Erosion control facilities include staked hay bales, erosion control check
dams,and stone check dams. The location and details for these are
included on the Storm Water Management Plan. Included in the map
pocket is the drainage map that shows the proposed driveway.

18
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EXHIBIT 1: LOCATION MAP
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Disclaimer

We have made a good-faith effort to provide you with the most recent and most accurate information available. However, if you need to use this information in
any legal or official venue, you will need to obtain official copies from the Assessor's Office. Do be aware that this data is subject to change on a daily basis. If
you believe that any of this information is incorrect, please call us at (719) 520-6600.




EXHIBIT 2: FEMA FIRM MAP
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EXHIBIT 3: SCS SOILS MAP
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Soil Map

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

Map Unit Legend (Kettle Creek)

Map Unit Symbol Map Unit Name  AcresinAOl Percent of AOI
41 Kettle gravelly loamy sand, 8 to 40.4 100.0%
40 percent slopes
Totals for Area of Interest 40.4 100.0%

Map Unit Descriptions (Kettle Creek)

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

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

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

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.
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Custom Soil Resource Report

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

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

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

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

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

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

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

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

12




Custom Soil Resource Report

El Paso County Area, Colorado

41—Kettle gravelly loamy sand, 8 to 40 percent slopes

Map Unit Setting
National map unit symbol: 368h
Elevation: 7,000 to 7,700 feet
Farmland ciassification: Not prime farmland

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

Description of Kettle

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 - 0to 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
Slope: 8 to 40 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00
in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 3.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: B
Ecological site: FO48AY908CO - Mixed Conifer
Hydric soil rating: No

Minor Components

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

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

13




EXHIBIT 4: CHARTS AND TABLES FOR RATIONAL METHOD
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Chapter 6 : Hydrology

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

Runoff Coefficients
{and Use or Surface 7 nt )
Characteristics Impervious 2-year S-year 30-year 25-year S0-year ‘ 100-year
TiSG ARD ] HSGCED | HSGALS | HSGCED TG AGE | H5G CAD | HSGARD } HSGCED ﬁ»&_&_&ﬁgmm
Bl ey
Commercial Aress 35 7> .08 am [12:5 0.84 0.85 G.87 0.87 0.88 988 | 088
shood Areas 0 0AS 049 DA9 053 0.3 037 ey acy a60 055 0.52 0.68
Residential
1/8Acre orless 041 0.45 045 049 043 0.54 054 [eAC] 0.57 0.62 0S8 0.55
/A A 0.23 028 030 035 035 042 042 0.50 046 0.54 050

615 0.20 022 028 030 035 037 045 04% 051 046

&
[}

- 1/3 Acre 30 0.18 022 025 030 x4 0.38 033 0.47 043 .52 0.47
25
20

012 057 020 0256 027 0.34 0.35 044 040 0.59 D44

0.58

0.57

0.56

@55

Q.57 0.60 0.52 08 | 06 0.66 066 0.70 112:3 0.72 270 074
071 0.3 0B 075 073 077 078 Q30 0.30 0.82 0B8L [13:3
0.52

0.54

058

005 0.08 012 013 020 0.29 030 0.48 034 QA6 033
Q07 [RE] ais 823 024 a3t 032 0.42 037 .48 0.41

008 0.05 0 0.16 o7 0.26 026 038 031 0.45 036 Q.51
0.02 0.04 008 0.15 1hi} 025 05 G37 030 a44 235 050
13173 0.0 0.08 [iALY 0I5 0.5 0.5 0.37 030 044 035 0.50
0.89 088 0.90 0.50 0.92 0.92 054 094 035 055 086 0.96

0.25 031 032 037 g3g | o4 044 §. @51 048 0.55 051 055 f

00 083 .89 000 0.50 0.92 psz | 094 po4 | 095 0.95 0.56 DS
80 057 060 0.53 .63 [ a6 | 088 0.70 0.68 0.72 070 074
100 0.88 0.38 0.90 oS0 | 092 ] 092 054 084 | 055 095 035 025
%0 071 073 0.73 075 075 077 o78 | 080 0.80 0.52 081 0.83
g ooz | 004 Q.08 [ 015 (e 0.5 037 | 030 0.44 035 050

32 Timeof Concentration ‘

One of the basic assnmptions underlying the Rational Method is that ronoff is a function of the average
rainfall Tate during the time required for water to flow from the hydraulically most remote part of the

drainage area under consideration to the design pomt. However, in practice, the time of concentration can
be an empirical value that results in reasonable and acceptable peak flow calculations.

For urban arcas, the time of concentration (£) consists of zn inifial timc or overland flow time (&) plus the
travel time (¢ in the storm SCWeL, paved gutier, roadside drainage ditch, or drainage channel. For non-
urban areas, the time of concentration consists of au overland flow time (@ plus the time oftravelina
concentrated form, such as 2 swale or drainageway. Ihe 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 siope, depression storage, surface cover, antecedent
rainfall, and infiliration capacity of the soil, as well as distance of surface flow. The time of conceniration
is represented by Equation 6-7 for both urban and non-urban areas.

May 2014 City of Colorado Springs 617
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Hydrology Chapter 6

: N
Figure 6-5. Colorado Springs Rainfall Intensity Duration Frequency S
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IDF Equations
Ty = -2.52 In(D) + 12,738
Tsp =-2.25 n(D) +11.375
Ls =-2.00 m(D) +10.111
T;o = -1.75 In(D) + 8.847
Is=-1.50 In(D) + 7.583
L=-119 In(D) + 6.035
Note: Values calculated by

equations may not precisely
duplicate values read from figure.
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Chaptet 6 - Hydrology

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

Runoff Coefficlents 1
Land Use or Surface Parcent
Characteristics Impervious 2-year S-year 10-year 25year SO-year - 100-yesr
HSG ARB | HSGCAD HSGABS | HSGCRD HSG A%B | HSG C&D HSGARS | HSG CED HSGABR | HSGCED HSG ASE | HSG CED

s

Commerdel Aress a5 078 0,80 0.81 Q.82 0.83 .84 0.85 0.87 0.87 0.88 0.88 0.89

Nelghhorhood Areas 70 0.45 0.99 0.43 0.53 0.53 057 as8 062 0.60 0.65 0.62 0.68
Resldential r

1/8 Acre arless 65 041 045 Q.45 045 0.49 054 0.54 058 457 Q.62 [t ] ,6.65

1/4 Acre 40 .23 .28 0.30 035 036 0.42 0.42 0.50 0.46 053 oshw] 058

1/3Acre 30 018 0.22 0.5 030 032 038 0.39 047 043 052 047 057

1/2 Acre 25 0,15 0.20 022 028 030 036 0.37 0.46 0.41 051 0.46 0.56

1Acre 20 012 017 020 026 027 0.34 035 044 040 050 0.44 0.5%
tndustrizl

g’ htAreas 80 0.57 0.50 059 0.63 0.63 0.66 0.66 070 0,63 0.72 0.70 0.74

Heavy Areas S0 071 0.3 0.73 0.75 0.75 077 0.78 0.80 0.80 Q82 0.BL 0.B3
Parks and C i 7 0.05 a.09 012 0.18 020 [ ¥] 030 040 034 0.46 0.39 052
playgrounds 13 8.0 0.13 016 023 024 031 0.32 04z 037 048 041 054
Rallroad Yard Areas 40 0.3 028 0.30 035 036 0.42 0.42 050 | 046 054 0.50 058
Undeveloped Areas

Historic Flows Analysls— 2 . .

belts, Agriculture 0.03 005 0.08, 0.16 0.17 0.26 0.25 0.38 031 045 0.36 Q51

pasture/Meadow o 0.02 0.04" 0.08 015 015 025 0.25 037 .30 044 038 050

Forest . 2 G.02 0.04 0.08 0315 015~ a5 025 037 0.30 0.44 Q.35 050

Exposed Rock 100 0.8% 088 0.90 290 092 092 0.94 0.84 0.95 0.85 0.96 0,88

Offsite Flow Analysis (when © N .

tanduse is undefined) 0.26 831 032 037 038 4 044 0.24 051 048 055 0.51 1.55
Streets

paved 300 0.8 0.89 9.90 850 492 032 0.94 0.94 0.95 0385 0.95 086

Gravel 80 0.57 0.60 0.5% 063 0.63 0.66 0.66 0.76 0.68 072 .70 074
Drive and Walks 100 0.8% 083 ooo -} 090 1. 092 092 084 084 085 095 096 056
fRTofs S0 0.71 073 073. | 075 0.75 077 0.78 080 0.80 0.82 0.81 083
[tawns o o0z | oot | o | 015 | 035 o5 -1 o025 | 037 | 630 | 048 035 | 050

32 Timeof Concentratioxi

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

For urban areas, the time of concenfration (#,) consists of an snitial time or overland flow time () plus the
travel time (£ in the storm SeWer, paved gutter, roadside drainage ditch, or drainage channel. For non-
arban areas, the time of concentration consjsts of an overland flow time (#) plus the time of travel ina
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 infilfration 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 nop-usban areas. .

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

Table 6-7. Conveyance Coefficient, C,

Type of Land Surface G,
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 niprap, 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 umits to minutes. ‘

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

323 First Design Point Time of Concentration in Urban Catchments

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

L
¢ 180 4 )

‘Where:

¢, = maximum time of concentration at the first design point in an urban watershed (min)
L = waterway length () '

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

drainageway reaches.
32.4 Minimum Time of Concentration

If the calculations result ina Z of less than 10 minutes for undeveloped conditions, it is recommended that™ -
4 minimum value of 10 minutes beused. The minimum £ for wrbanized areas is 5 minutes. '

325 Post-Development Time of Concentration

As Equation 6-8 indicates, the time of concentration is a function of the 5-year runoff coefficient fora
drainage basin. Typically, higher levels of imperviousness (higher 5-year Tunoff coefficients) correspond
to shorter times of concentration, and lower levels of imperviousness correspond to longer times of
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Hydrology ' ' Chapter 6

1, =t +¢, : (Eq. 6-7)

Where: _
1. = time of concentration (ain)
£;= overland (initial) flow time {min)
t,= travel time in the ditch, channel, gutter, storm sewer, etc. (min)

321 Overland (Initial) Flow Time

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

_ 0.395(1.1-C WL

i S0.33

(Eq. 6-8)

‘Where:

t, = overland (initial) flow time {min’
Cs = runoff coefficient for 5-year frequency (see Table 6-6)

L = length ofoverland flow (300 £t maximum for non-urban land uses, 100 £t maximum for

urban Iand uses)
S = average basin slope (/)

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, 2, which is calculated using the hydraulic properties of the swale, ditch,
or channel. For preliminary work, the overland travel time, ¥, can be estimated with the help of Figure 6-
25 or Equation 6-9 (Guo 1999). .

V=C,8> (Eq. 6-9)
Where:

V= vel.ocity (ft/s)

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

S,,= watercourse slope (f/ff)
6-18 » City of Colorado Springs May 2014
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TR-55 Curve Number Tables Appendix 4B

Table 4B-2 Runoff curve numbers for selected agricultural, suburban, and rural areas (western
Washington).

CNs for hydrologic soil group

A c D

Pasture, Grassland, or Range — Continuous Forage for Grazing:

Fair condition {ground cover 50% to 75% and not heavily grazed) 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods: .

60 73 79
55 70 77

Fair (woods are grazed but not burned, and some forest litter covers the soil)
Good (woods are protected from grazing, and litrer and brush adequately cover the soil)
s ~ Curve Numbers for Postdevelopment Conditions

Open Space (lawns, parks, golf courses, cemeteries, landscaping, etc.):"

Fair condition (grass cover on 50% to 75% of the area) - ) 77 85 90 92
Good condition (grass cover on >75% of the area) 68 80 86 90
Impervious Areas:
Open water bodies: lakes, wetlands, ponds, etc. 100 100 100 100
Paved parking lots, roofs,Iz‘ driveways, etc. (excluding right of way} 98 98 98 98
Porous Pavers and Permeable Interlocking Concrete (assumed as 85% impervious and 15% lawn):
Fair lawn condition (weighted average CNs) 95 96 97 97
Good lawn condition {weighted average CNs) 94 95 96 97
Paved 98 98 98 98
Gravel (including right of way) 76 85 89 91
Dirt (including right of way) 72 82 87 89
Pasture, Grassland, or Range — Continuous Forage for Grazing:
Poor condition (ground cover <50% or heavily grazed with no mulch}) 68 79 86 39
Fair condition (ground cover 50% to 75% and not heavily grazed) 49 69 79 84
Good condition {ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods:
Poor (forest litter, small trees, and brush are destroyed by heavy grazing or regular burning) 45 66 77 83
Fair (woods are grazed but not burned, and some forest litter covers the soll} 36 60 73 79
Good {woods are protected from grazing, and litter and brush adequately cover the soil} 30 55 70 77
Single Family Residential:mi Should only be used for Average percent
Dwelling Unit/Gross Acre subdivisions >50 acres impervious area

1.0 DU/GA 15 Separate curve number

1.5 DU/GA 20 must be selected for

2.0 DU/GA 25 pervious & impervious

2.5 DU/GA 30 portions of the site or

3.0 DU/GA 34 basin

3.5 DU/GA 38

4.0 DU/GA 42

4.5 DU/GA ) 46

5.0 DU/GA 48

5.5 DU/GA 50

6.0 DU/GA 52

6.5 DU/GA 54

7.0 DU/GA 56

7.5 DU/GA 58
PUDs, condos, apartments, commercial businesses, % impervious Separate curve numbers must be selected for
industrial areas, and subdivisions <50 acres must be computed pervious and impervious portions of the site

For a more detailed and complete description of land use curve numbers, refer to Chapter Two (2) of the Soil Conservation
Service’s Technical Release No. 55 {210-VI-TR-55, Second Ed., June 1986).

[1} Composite CNs may be computed for other combinations of open space cover type.

[2] Where roof runoff and driveway runoff are infiltrated or dispersed according to the requirements in Chapter 3, the
average percent impervious area may be adjusted in accordance with the procedure described under “Flow Credit for
Roof Downspout Infiltration” and “Flow Credit for Roof Downspout Dispersion.”

[3] Assumes roof and driveway runoff is directed into street/storm system.

[4] All remaining pervious area (iawn) is considered to be in good condition for these curve numbers.
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Appendix 4B TR-55 Curve Number Tables

Table 4B-3 Runoff curve numbers for selected agricultural, suburban, and rural areas (eastern

Washington).
CNs for hydrologic soil group
Cover Type and Hydrologic Condition o ‘A B C D
Open Space (lawns, parks, golf courses, cemeteries, landscaping, etc.)?h
Poor condition {grass cover on <50% of the area) 68 79 86 89
Fair condition (grass cover on 50% to 75% of the area) 49 69 79 84
Good condition (grass cover on >75% of the area) 39 61 74 80
Impervious Areas:
Open water bodies: lakes, wetlands, ponds, etc. 100 100 100 100
Paved parking lots, roofs, driveways, etc. (excluding right of way) 98 98 98 o
Porous Pavers and Permeable Interlocking Concrete (assumed as 85% impervious and 15% lawn):
Fair lawn condition {(weighted average CNs) 95 96 97 97
Gravel (including right of way) 76 85 89 91
Dirt (including right of way) 72 82 87 89
Pasture, Grassland, or Range — Continuous Forage for Grazing:
Poor condition {ground cover <50% or heavily grazed with no mulch) 68 79 86 89
Fair condition {ground cover 50% to 75% and not heavily grazed) 45 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Cultivated Agricultural Lands:
Row Crops (good), e.g., corn, sugar beets, soy beans 64 75 82 85
Small Grain (good), e.g., wheat, barley, fiax 60 72 80 84
Meadow (continuous grass, protected from grazing, and generally mowed for hay): 30 58 71 78
Brush (brush-weed-grass mixture, with brush the major element):
Poor {<50% ground cover) 48 67 77 83
Fair {50% to 75% ground cover) - 35 56 70 77
Good (>75% ground cover) 30 48 65 73
Woods-Grass Combination (orchard or tree farm):"
Poor 57 73 82 86
Fair 43 65 76 82
Good ) 32 58 72 75
Woods:
Poor (forest litter, small trees, and brush are destroyed by heavy grazing or regular burning) 45 66 77 83
Fair (woods are grazed but not burned, and some forest litter covers the soil) 36 60 73 79
Good (woods are protected from grazing, and litter and brush adequately cover the soil) 30 55 70 77
Herbaceous (mixture of grass, weeds, and low-growing brush, with brush the minor element):™
Poor (<30% ground cover) . 80 87 93
Fair {(30% to 70% ground cover) : 71 81 89
Good (>70% ground cover) 62 74 85
Sagebrush With Grass Understory:"
Poor (<30% ground cover) i 67 80 85
Fair (30% to 70% ground cover) 51 63 70
Good (>70% ground cover) 35 47 55

For a more detailed and complete description of land use curve numbers, refer to Chapter Two (2) of the Soil Conservation
Service’s Technical Release No. 55 {210-VI-TR-55, Second Ed., June 1986).

[1] Composite CNs may be computed for other combinations of open space cover type.

[2] Actual curve number is less than 30; use CN = 30 for runoff computations.

[3] CNsshown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions
may be computed from the CNs for woods and pasture.

[4] Curve numbers have not been developed for Group A soils.
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Appendix 4B TR-55 Curve Number Tables

Table 4B-5 “n” and “k” values used in time calculations for hydrographs.

Smooth surfaces (concrete, asphalt gravel or bare, hand-packed sonl)

0.011

Fallow fields or loose soil surface (no residue) 0.05
Cultivated soil with residue cover <20% 0.06
Cultivated soil with residue cover >20% 0.17
Short prairie grass and lawns 0.15
Dense grasses 0.24
Bermuda grass 0.41
Range (natural) 0.13
Woods or forest with light underbrush 0.40
Woods or forest with dense underbrush 0.80

(210-VI-TR-55, Second Ed., June 1986)

1. Forest wnth heavy ground htter and meadows (n=0. 10) 3
2. Brushy ground with some trees (n = 0.060) 5
3. Fallow or minimum tillage cultivation (n = 0.040) 8
4. High grass (n = 0.035) 9
5. Short grass, pasture, and lawns {n=0.030) 11
6. Nearly bare ground (n = 0.025) 13

7. Paved and gravel areas (n = 0.012)

Channel Flow (intermittent) (at the beginning of visible channels,

1. Forested swale with heavy ground litter (n = 0.10)

2. Forested drainage course/ravine with defined channel bed (n = 0.050) 10
3. Rock-lined waterway (n =0.035) 15
4. Grassed waterway (n =0.030) 17
5. Earth-lined waterway (n = 0.025) 20
6. CMP pipe, uniform flow (n = 0.024) 21
7. Concrete pipe, uniform flow (0.012) 42
Other waterways and pipe 0.508/n
“Channel Flow continuous: stream,; R=0.4). e a - ke
9. Meandering stream with some pools (n = 0 040) 20
10. Rock-lined stream {(n = 0.035) 23
11. Grass-lined stream (n = 0.030) 27
12. Other streams, manmade channels, and pipe 0.807/n
WSDOT Highway Runoff Manual M 31-16.04 Page 4B-7
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TR-55 Curve Number Tables Appendix 4B

Table 4B-6 Values of the roughness coefficient, “n.”

A Constructed Channels .~~~ - -~ . Sluggish reaches, weedy
a. Earth, straight and uniform deep pools 0.070
1. Clean, recently completed 0.018 7. Very weedy reaches, deep
2. Gravel, uniform selection, 0.025 pools, or floodways with
clean heavy stand of timber and
3. With short grass, few 0.027 underbrush 0.100
weeds b. Mountain streams, no vegetation
b. Earth, winding and sluggish in channel, banks usually steep,
1. No vegetation 0.025 trees and brush along banks
2. Grass, some weeds 0.030 submerged at high stages
3. Dense weeds or aquatic 1. Bottom: gravel, cobbles, and
plants in deep channels 0.035 few boulders 0.040
4. Earth bottom and rubble 2. Bottom: cobbles with large
sides 0.030 - boulders 0.050
5. Stony bottom and weedy B-2 Flood plains
banks 0.035 a. Pasture, no brush
6. Cobble bottom and clean 1. Shortgrass 0.030
sides 0.040 2. High grass 0.035
c. Rock-lined b. Cultivated areas
1. Smooth and uniform 0.035 1. Nocrop 0.030
2. Jagged and irregular 0.040 2. Mature row crops 0.035
d. Channels not maintained, 3. Mature field crops 0.040
weeds and brush uncut ¢. Brush
1. Dense weeds, high as flow 1. Scattered brush, heavy
depth 0.080 weeds 0.050
2. Clean bottom, brush on 2. Light brush and trees 0.060
sides 0.050 3. Medium to dense brush 0.070
3. Same, highest stage of 4. Heavy, dense brush 0.100
flow 0.070 d. Trees
4. Dense brush, high stage 0.100 1. Dense willows, straight 0.150
B. -NaturalStreams = = = oo 2. Cleared land with tree
B-1 Minor streams (top width at stumps, no sprouts 0.040
flood stage < 100 ft.) 3. Same as above, but with
a. Streams on plain heavy growth of sprouts 0.060
1. Clean, straight, full stage, 4. Heavy stand of timber, a few
no rifts or deep pools 0.030 downed trees, little
2. Same as above, but more undergrowth, flood stage
stones and weeds 0.035 below branches 0.100
3. Clean, winding, some 5. Same as above, but with
pools and shoals 0.040 flood stage reaching
4. Same as above, but some branches 0.120
weeds 0.040
5. Same as 4, but more stones 0.050

*Note: These “n” values are “normal” values for use in analysis of channels. For conservative design for channel
capacity, the maximum values listed in other references should be considered. For channel bank stability, the
minimum values should be considered.
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TR-55 Curve Number Tables Appendix 4B

Table 4B-2 Runoff curve numbers for selected agricultural, suburban, and rural areas (western
Washington).

CNs for hydrologic soil group

urve Numbers for Predevelopment Conditions

Pasture, Grassland, or Range — Continuous Forage for Grazing:

Fair condition (ground cover 50% to 75% and not heavily grazed) 49 69 79 84
Good condition {ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods:

Fair (woods are grazed but not burned, and some forest litter covers the soil) 79

Good (woods are protected from grazing, and litter and brush adequately cover the soil)
= : e e % “Carve Numbers for PostdevelopmeritCondltions

Open Space {lawns, parks, golf courses, cemeteries, landscaping, ett:.):‘11

Fair condition (grass cover on 50% to 75% of the area) 77 85 90 92
Good condition (grass cover on >75% of the area) 68 30 86 90
Impervious Areas:

Open water bodies: lakes, wetlands, ponds, etc. 100 100 100 100

Paved parking lots, roofs,m driveways, etc. (excluding right of way) 98 a8 98 98

Porous Pavers and Permeable Interlocking Concrete (assumed as 85% impervious and 15% lawn): )

Fair lawn condition (weighted average CNs) . 95 96 97 97

Good lawn condition {weighted average CNs) 94 95 96 97

Paved 98 98 98 98

Gravel (including right of way) 76 85 89 91

Dirt (including right of way) 72 82 87 89

Pasture, Grassland, or Range ~ Continuous Forage for Grazing:

Poor condition (ground cover <50% or heavily grazed with no mulch) 63 79 86 89

Fair condition {ground cover 50% to 75% and not heavily grazed) 49 69 79 84

Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80

Woods:

Poor (forest litter, small trees, and brush are destroyed by heavy grazing or regular burning) 45 66 77 a3

Fair (woods are grazed but not burned, and some forest litter covers the soil} 36 60 73 79

Good (woods are protected from grazing, and litter and brush adequately cover the soil) 30 55 70 77

Single Family Residential:~ Should only be used for Average percent

Dwelling Unit/Gross Acre subdivisions >50 acres impervious area™?

1.0 DU/GA 15 Separate curve number
1.5 DU/GA 20 must be selected for
2.0 DU/GA 25 pervious & impervious
2.5 DU/GA 30 portions of the site or
3.0 DU/GA 34 basin

3.5 DU/GA 38

4.0 DU/GA 42

4.5 DU/GA 46

5.0 DU/GA 48

5.5 DU/GA 50

6.0 DU/GA 52

6.5 DU/GA 54

7.0 DU/GA 56

7.5 DU/GA 58

PUDs, condos, apartments, commercial businesses, % impervious Separate curve numbers must be selected for

industrial areas, and subdivisions <50 acres must be computed pervious and impervious portions of the site

For a more detailed and complete description of land use curve numbers, refer to Chapter Two (2) of the Soil Conservation

Service’s Technical Release No. 55 (210-VI-TR-55, Second Ed., June 1986).

[1] Composite CNs may be computed for other combinations of open space cover type.

[21 Where roof runoff and driveway runoff are infiltrated or dispersed according to the requirements in Chapter 3, the
average percent impervious area may be adjusted in accordance with the procedure described under “Flow Credit for
Roof Downspout Infiltration” and “Flow Credit for Roof Downspout Dispersion.”

[3] Assumes roof and driveway runoff is directed into street/storm system.

[4] All remaining pervious area (lawn) is considered to be in good condition for these curve numbers.
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Appendix 4B TR-55 Curve Number Tables

Table 4B-3 Runoff curve numbers for selected agricultural, suburban, and rural areas (eastern

Washington).
CNs for hydrologic soil group
“Cover Type and HydrologicCondition .~ =~ .. T e K B e P
Open Space (lawns, parks, golf courses, cemeteries, landscaping, ete.):
Poor condition {grass cover on <50% of the area) 68 79 86 89
Fair condition {grass cover on 50% to 75% of the area) 49 69 79 84
Good condition (grass cover on >75% of the area) 39 61 74 30
Impervious Areas:
Open water bodies: lakes, wetlands, ponds, etc. 100 100 100 100
paved parking lots, roofs, driveways, etc. {excluding right of way) o956 58 28 og
Porous Pavers and Permeable Interlocking Concrete (assumed as 85% impervious and 15% lawn):
Fair lawn condition (weighted average CNs) 95 96 97 97
Gravel (including right of way) 76 85 89 91
Dirt (including right of way) 72 82 87 89
Pasture, Grassland, or Range — Continuous Forage for Grazing:
Poor condition (ground cover <50% or heavily grazed with no mulch) 68 79 86 89
Fair condition {ground cover 50% to 75% and not heavily grazed) 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 - 74 30
Cultivated Agricultural Lands:
Row Crops (good), e.g., corn, sugar beets, soy beans 64 75 82 85
Small Grain (good), e.g., wheat, barley, flax 60 72 80 84
Meadow {continuous grass, protected from grazing, and generally mowed for hay): 30 58 71 78
Brush (brush-weed-grass mixture, with brush the major element):
Poor (<50% ground cover) 43 67 77 83
Fair (50% to 75% ground cover) 35 56 70 77
Good (>75% ground cover) 30® 48 65 73
Woods-Grass Combination (orchard or tree farm)?T
Poor 57 73 82 86
Fair 43 65 76 82
Good 32 58 72 79
Woods:
Poor (forest litter, small trees, and brush are destroyed by heavy grazing or regular burning) 45 66 77 83
Fair (woods are grazed but not burned, and some forest litter covers the soil) 36 60 73 79
Good (woods are protected from grazing, and litter and brush adequately cover the soil) 30 55 70 77
Herbaceous (mixture of grass, weeds, and low-growing brush, with brush the minor element):”
Poor (<30% ground cover) 80 87 93
Fair (30% to 70% ground cover) 71 81 89
Good (>70% ground cover) 62 74 85
Sagebrush With Grass Understory:""
Poor (<30% ground cover) 67 80 85
Fair (30% to 70% ground cover) 51 63 70
Good (>70% ground cover) 35 47 55

For a more detailed and complete description of land use curve numbers, refer to Chapter Two (2) of the Soil Conservation

Service’s Technical Release No. 55 (210-VI-TR-55, Second Ed., june 1986).

[1] Composite CNs may be computed for other combinations of open space cover type.

[2] Actual curve number is less than 30; use CN = 30 for runoff computations.

[3] CNsshown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions
may be computed from the CNs for woods and pasture.

[4] Curve numbers have not been developed for Group A soils.
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TR-55 Curve Number Tables Appendix 4B

Table 4B-6 Values of the roughness coefficient, “n.”

Constructed Channels- 2 6. Sluggish reaches, weedy _
a. Earth, straight and uniform deep pools 0.070
1. Clean, recently completed 0.018 7. Very weedy reaches, deep
2. Gravel, uniform selection, 0.025 pools, or floodways with
clean heavy stand of timber and
3. With short grass, few - 0.027 underbrush 0.100
weeds b. Mountain streams, no vegetation
b. Earth, winding and sluggish in channel, banks usually steep,
1. No vegetation 0.025 trees and brush along banks
2. Grass, some weeds 0.030 submerged at high stages
3. Dense weeds or aquatic 1. Bottom: gravel, cobbles, and
plants in deep channels 0.035 few boulders 0.040
4. Earth bottom and rubble 2. Bottom: cobbles with large
sides 0.030 boulders 0.050
5. Stony bottom and weedy B-2 Flood plains
banks 0.035 a. Pasture, no brush
6. Cobble bottom and clean 1. Short grass 0.030
sides 0.040 2. High grass 0.035
c. Rock-lined b. Cultivated areas
1. Smooth and uniform 0.035 - 1. Nocrop 0.030
2. Jagged and irregular 0.040 2. Mature row crops 0.035
d. Channels not maintained, 3. Mature field crops 0.040
weeds and brush uncut c. Brush
1. Dense weeds, high as flow 1. Scattered brush, heavy
depth 0.080 weeds 0.050
2. Clean bottom, brush on 2. Light brush and trees 0.060
sides 0.050 3. Medium to dense brush 0.070
3. Same, highest stage of 4. Heavy, dense brush 0.100
flow 0.070 d. Trees
4. Dense brush, high stage 0.100 1. Dense willows, straight 0.150
“B. - Natural Streams - e 2. Cleared land with tree
B-1 Minor streams (top width at stumps, no sprouts 0.040
flood stage < 100 ft.) 3. Same as above, but with
a. Streams on plain heavy growth of sprouts 0.060
1. Clean, straight, full stage, - 4. Heavy stand of timber, a few
no rifts or deep pools 0.030 downed trees, little
2. Same as above, but more undergrowth, flood stage
stones and weeds 0.035 below branches 0.100
3. Clean, winding, some 5. Same as above, but with
pools and shoals 0.040 flood stage reaching
4. Same as above, but some branches 0.120
weeds 0.040
5. Same as 4, but more stones 0.050

*Note: These “n” values are “normal” values for use in analysis of channels. For conservative design for channel
capacity, the maximum values listed in other references should be considered. For channel bank stability, the
minimum values should be considered.

Page 4B-8 - WSDOT Highway Runoff Manual M 31-16.04
April 2014




EXHIBIT 6: DRAINAGE BASIN PLANNING STUDY EXHIBITS
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HISTORIC CONDITIONS
MODEL RESULTS

(5-YEAR)
5-Year, 24-Hour Storm 5-Year, 24-Hour Storm
Peak Peak

Hydrologic | Drainage | pischarge | Volume Hydrologic | Drainage | pischarge | Volume
Element {Area (miz) (CFS) {in) Element |[Area (mlz) (CFS) {in)
Subbasin-1 1.263 111 0.42 Reach-13 11.261 627 0.42
Subbasin-2 0.586 59 0.42 Subbasin-18 0.192 23 0.42
Subbasin-3 0,18 17 0.42 Junction-14 11,453 631 0.42
Junction-1 2,029 185 0.42 Reach-14 11,453 624 0.42
Reach-1 2,029 184 0.42 Subbasin-19 0.552 46 0.47
Subbasin-4 0.195 20 0.4 Junction-15 12,005 841 0.42
Junction-2 2,224 202 0.42 Reach-15 12,005 640 0.42
Reach-2 2.224 195 0.42 Subbasin-20 0,594 73 0.5
Subbasin-5 0.625 42 0.4 Junction-16 12,599 654 0.42
Junction-3 2.849 235 0,41 Reach-16 12,599 653 0.42
Reach-3 2.849 235 0.41 Subbasin-21 0.417 65 0.52
Subbasin-6 1.333 93 0.4 Junction-17 13,016 661 0.43
Junction-4 4,182 328 0.41 Reach-17 13,016 658 0.43
Reach-4 4,182 323 0.41 Subbasin-22 0.2 35 0.57
Subbasin-7 0,183 20 0.42 Junction-18 13.216 662 0.43
Junction-5 4,365 333 0,41 Reach-18 13,216 660 0.43
Reach-5 4.365 324 0.41 Subbasin-23 0,123 35 0.55
Subbasin-8 0.288 35 0.4 Junction-19 13,339 662 - 0.43
Junction-6 4.653 337 0.41 Reach-19 13.339 660 0.43
Reach-6 4.653 336 0.41 Subbasin-24 0.453 54 0.57
Subbasin-9 1.177 81 0,42 Subbasin-25 0.169 51 0.57
Subbasin-10 0.222 24 0.4 Subbasin-26 0.48 64 Q.57
Junction-7 1,398 93 0.42 junction-21 1,102 128 0.57
Reach-7 1,399 92 0.42 Reach-21 1.102 125 0.57
Subbasin-11 0.88 89 0.4 Subbasin-27 0.294 52 0.57
Junction-8 2.278 152 0.41 Junction-22 1.396 164 0.57
Reach-8 2,279 150 0.41 Reach-22 1,396 161 0.57
Subbasin-12 0,552 52 0.43 Subbasin-28 0,264 38 0.57
Junction-8 2,831 193 0.41 Subbasin-29 0.172 30 0.57
Reach-9 2.831 191 0.41 Junctlon-20 0.436 63 0.57
Junction-10 7.484 508 0.41 Reach-20 0.436 64 0.57
Reach-10 7.484 500 0.41 Subbasin-30 0.364 65 0.57
Subbasin-13 1,156 80 0,42 Junction-23 15,535 702 0.45
Subbasin-14 0,516 59 0.45 Reach-23 15,535 697 0.45
Junction-11 9.156 578 0.41 Subbasin-31 0.377 58 0.33
Reach-11 9.156 576 0.41 Subbasin-32 0.316 37 0,33
Subbasin-15 0.498 57 0.44 Junction-24 16,228 705 0.44
junction-12 9,654 580 0.42 Reach-24 16,228 702 0.44
Reach-12 9.654 589 0.42 Subbasin-33 0.184 24 0.37
Subbasin-16 0.819 68 0.42 Junction-25 16,412 704 0,44
Subbasin-17 0,788 74 0.42 Reach-25 16,412 698 0.44
Junction-13 11.261 631 0.42 Junction-26 16,412 698 0.44

EXISTING CONDITIONS FUTURE CONDITIONS
MODEL RESULTS MODEL RESULTS
(5-YEAR) (5-YEAR)
5-Year, 24-Hour Storm 5-Year, 24-Hour Storm 5-Year, 24-Hour Storm 5-Year, 24-Hour Storm
Peak Peak Peak Paak
Hydrologic | Drainage | Discharge |Volume Hydrologic | Drainage | Discharge |Volume Hydrologic | Drainage | pischarge |Volume Hydrologic | Drainage | Discharge |Volume
Element |Area(mi®)| (CFS) {in) Element |Area(mi})| (CFS) {in) Element |Area(mid| (CFS) {in) Element |Area(mi}| (CFS) {in)

Subbasin-1 1.263 315 1.06 Subbasin-16 0.819 193 106 Subbasin-1 1,263 315 1.06 Subbasin-16 0.819 193 1.06
Subbasin-2 0.586 173 1.06 Subbasin-17 0,788 184 0, Subbasin-2 0.586 173 1.06 Subbasin-17 0.788 184 095
Subbasin-3 0.180 56 127 lunctlon-13 11,261 1,730 Subbasin-3 0.180 56 1.27 unction-13 11,261 1,730 104
Junction-1 2.029 527 1.08 each- .261 1,705 1.04 Iunction-1 2.029 527 1.08 Reach-13 11.261 1,705 T
Reach-1 2.029 526 1.08 Subbasin-18 0,192 55 0.95 Reach-1 2.029 526 1.08 Subbasin-18 0.192 55 0.95
Subbasin-4 0.195 56 0.97 Junction-14 11.453 1,741 104 Subbasin-4 0.195 56 0.97 Junhction-14 11.453 1,711 104
Junction-2 2,224 572 1.07 Reach-14 11.453 1,710 104 Junction-2 2,224 572 1.07 Reach-14 11,453 1,710 1.04
Reach-2 2,224 568 1.07 Subbasin-19 0.552 101 0.95 Reach-2 2,24 568 1.07 Subbasin-19 0,552 i 1.03
Subbasin-5 0.625 134 114 Junction-15 12,005 1,745 1.03 Subbasin-5 0.625 134 1.14 Junction-15 12.005 1,747 1.04
Junctlon-3 2.849 689 108 Reach-15 12,005 1,741 1.03 Junction-3 2.849 689 1.08 Reach-15 12,005 1,743 1.04
Reach-3 2.849 689 1.08 Subbasin-20 0.594 1M 0.86 Reach-3 2.849 689 1,08 Subbasin-20 0.594 206 1.29
Subbasin-6 1333 240 0.94 Junction-16 12,588 1,760 1.03 Subbasin-6 1,333 240 0.94 lunction-16 12,588 1,769 1.05
Junction-4 4.182 928 1.04 Reach-16 12,599 1,741 1.03 Junction-4 4,182 928 1.04 Reach-16 12.589 1,750 1.058
Reach-4 4.182 917 104 Subbasin-21 0.417 100 079 Reach-4 4,182 917 1.04 Subbasin-21 0.417 114 0.9
Subbasin-7 0.183 51 0.97 junction-17 13,016 1,752 3.02 Subbasin-7 0.183 51 0,97 Junction-17 13.016 1,761 1.04
Junction-5 4.365 940 1.03 Reach-17 13.016 1,752 1.02 Junction-5 4,365 940 1.03 Reach-17 13.016 1,761 1.04
Reach-5 4,365 929 1.03 Subbasin-22 0.200 36 0.59 Reach-5 4,365 929 1.03 Subbasin-22 0.200 112 1.76
Subbasin-8 0.288 117 1.1 Junction-18 13.216 1,756 1.01 Subbasin-8 0.288 117 1.1 Junction-18 13.216 1,769 1.06
Junction-6 4.653 959 1.04 Reach-18 13.216 1,746 1,01 Junction-6 4,653 959 1.04 Reach-18 13,216 1,760 1.06
Reach-6 4.653 844 104 Subbasin-23 0123 42 0.66 Reach-6 4,653 1944 1,04 Subbasin-23 0.123 44 0.68
Subbasin-9 1.177 223 1,05 Junction-19 13,339 1,748 101 Subbasin9 1.177 2 105 Junction-19 13.339 1,763 1.05
Subbasin-10 0.222 62 093 Reach-19 13,339 1,747 1.0t Subbasin-10 0,222 |62 0.93 Reach-19 13,339 1,761 1,05
Junction-7 1,399 252 1.03 Source-1 1,396 109 0.58 Junction-7 1,399 252 1,03 Source-1 1,396 109 058
Reach-7 1,399 250 1.03 Subbasin-28 0.264 38 0.57 Reach-7 1,399 250 1,03 Subbasin-28 0.264 123 1.74
Subbasin-11 | 0.880 32 123 Subbasin-29 | 0172 37 0.7 Subbasin-11 0,880 32 1,23 Subbasin-29 0172 111 2,06
lunction-8 2,279 484 111 Junction-20 0.436 75 0.62 Junction-8 2,279 484 1,11 Junction-20 0.436 230 1.86
Reach-8 2.279 484 111 Reach-20 0.436 70 0.62 Reach-8 2,279 43 111 Reach-20 0.436 220 1.86
Subbasin-12 0.552 144 1.06 Subbasin-30 0.364 116 1 Subbasin-12 0.552 1 106 Subbasin-30 0.364 158 134
Junctlon-9 2.831 609 11 Junction-23 15,535 1,764 0.96 Junction-9 2.831 609 1.1 Junction-23 15.535 1,788 1,04
Reach-9 2,831 594 11 Reach-23 15,535 1,751 0.96 Reach-9 2.831 594 1.1 Reach-23 15,535 1,774 1.04
Junction-10 7.484 1,444 1.06 Subbasin-31 0.37% 217 1.05 Junction-10 7.484 ‘1’444 1.06 Subbasin-31 0.377 290 1,38
Reach-10 7.484 1,428 1.06 Subbasin-32 0316 124 1.01 Reach-10 484 1,428 106 Subbasin-a2 0.316 274 22
Subbasin-13 1,156 212 1 lunction-24 16.228 1,766 0.96 Subbasin-13 1,156 : 212 1 Junction-24 16,228 1,796 1.07
Subbasin-14 0.516 138 0.85 Reach-24 16.228 1,754 0.96 Subbasin-14 0.516 ‘ 138 0.95 Reach-~24 16.228 1,785 1,07
Junction-11 9.156 1,605 | 1.05 Subbasin-33 | 0.184 24 037 P o156 | 1605 | 108 Subbasina3 | 0.184 2 037
Rela)gh-:lll = g.iSG 1,604 1.05 Junction-25 16,412 1,756 0.96 Reach-11 9.156 1,&)4 1,05 Junction-25 16,412 1,737 1,06
Su - , - : 3 ,
unaiontz | 9630 | 96 | 165] |unsionss | seas | im0 [ose|  [pubminds | oae | e | 1 | freahas | teaz | 1 | 106
—r Y 1'634 05 : Junction-12 9,654 1,636 1.05 Junction-26 16.412 1,781 1.06

. - Reach-12 9,654 1,634 1,05

NOTE

1. FUTURE AND EXISTING SUBBASIN 24-—-27 DATA IS REPLACED

WITH DATA FROM THE KETTLE CREEK DRAINAGE BASIN OLD

RANCH ROAD TRIBUTARY MASTER DEVELOPMENT DRAINAGE PLAN

AND LABELED AS SOURCE—1 (S1).

FIGURE 3—-10 HYDROLOGY
MINOR STORM RESULTS
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EXHIBIT 7:

HYDROLOGY EXHIBITS




Basin Summary

Area Runoff Coefficients
Basin I.D. (rational method)
(acres) C5 C100
A 1.96 0.08 0.35
B 3.04 0.08 0.35
C 1.58 0.8 0.35
D 4,57 0.8 0.31
E 3.63 0.09
F 4.51 0.08
G 1.67 0.8
H 5.54 0.01
| 1.28 0.08
0S1 34.69 |see TR55
082 179.06 |see TR55
083 18.41 |see TR55
0S4 1.39 see TR55
0S5 91.16 |see TR55|see TR55
0Ss6 73.03 |see TR55|see TR55
0S7 1.56 0.08 0.35
0S8 1.06 0.08 0.35

Runoff per Rational Runoff per TR55
Method method
Q5 Q100 Q5 Q100
cfs cfs cfs cfs

4.2

5.4

2.8

9.2
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Harrison

Sub-Area
or Reach
Identifier

SUBAREAS
0s1

082

083

A onsite

REACHES

OUTLET

WinTR-55, Version 1.00.10 Page 1

IDA)
D\Q‘QW\@{&%

Canyon Estates
D.?ji-‘HLPQiLiM
El Paso County, Co ado

Watershed Peak Table

Peak Flow by Rainfall Return Period
5-Yr 100-Yr

{cfs) {cfs)
1.28 12.74
4.94 41.34
0.53 4.53
0.16 2.08
6.38 53.13

4/12/2022 10:14:31 PM



Harrison Canyon Estates
Design Point 3
El Paso County, Colorado

Hydrograph Peak/Peak Time Table

Sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach 5-Yr 100-Yr
Identifier (cfs) (cfs)
(hr) (hr)
SUBAREAS
081l 1.28 12.74
13.01 12.75
082 4.94 41.34
14.01 13.47
083 0.53 4,53
13.83 13.31
A onsite 0.16 2.08
12.13 12.06
REACHES
OUTLET 6.38 53.13

WinTR-55, Version 1.00.10 Page 1 4/12/2022 10:14:31 PM



WinTR-55 Current Data Description

—-—-— Identification Data ---

User: Harrison Date: | 4/12/2022
Project: Canyon Estates Units: English
SubTitle: Design Point 3 Areal Units: Acres
State: Colorado

County: El Paso

Filename: <new file>

--— Sub-Area Data —-—-

Name Description Reach Area(ac) RCN Tc

0Ssl1 Qutlet 34.69 58 1.193
0S2 Outlet 179.06 58 2.251
0S3 Outlet 18.41 58 2.062
A onsite Outlet 1.96 58 0.235

Total area: 234.12 ({(ac)

-—— Storm Data --

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100~Yr 1-Yr
{in) (in) (in) {in) (in) (in) (in)
2.1 2.7 3.2 3.6 4.2 4.6 0
Storm Data Source: User-provided custom storm data
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page 1 4/12/2022 10:14:31 PM



Harrison

Sub-Area
Identifier

Canyon Estates
Design Point 3
El Paso County, Colorado

Sub-Area Summary Table

Sub-Area
Description

A onsite

Total Area:

Drainage Time of Curve Receiving
Area Concentration Number Reach
(ac) (hr)

34,69 1.193 58 Outlet
179.06 2.251 58 Outlet
18.41 2.062 58 Outlet
1.96 0.235 58 Outlet
234.12 (ac)

WinTR-55, Version 1.00.10 Page 1

4/12/2022

10:14:31 pPM



Travel
Time
(hr)

Harrison Canyon Estates
Design Point 3
El Paso County, Colorado
Sub-Area Time of Concentration Details
Sub-Area Flow Mannings's End Wetted
Identifier/ Length Slope n Area Perimeter Velocity
(ft) (ft/ft) (sg ft) (ft) (ft/sec)
081
User-provided
Time of Concentration
0Ss2
User-provided
Time of Concentration
083
User-provided
Time of Concentration
A onsite
User-provided
Time of Concentration

WinTR-55, Version 1.00.10 Page 1 4/12/2022

10:14:31 PM



Harrison Canyon Estates
Design Point 3
El Paso County, Colorado

Sub-Area Land Use and Curve Number Details

Sub-Area Hydrologic Sub-Area

Identifier Land Use Soil Area
Group {ac)

0s1 CN directly entered by user - 34.69
Total Area / Weighted Curve Number 34.69

082 CN directly entered by user - 179.06
Total Area / Weighted Curve Number 179.06

083 CN directly entered by user - 18.41
Total Area / Weighted Curve Number 18.41

A onsite CN directly entered by user - 1.96
Total Area / Weighted Curve Number 1.96

WinTR-55, Version 1.00.10 Page 1 4/12/2022

Curve
Number

58

58

58

58

58

10:14:31 PM



WinTR-55 Current Data Description (\j@c M |

~—-— Identification Data —---

User: Harrison Date: 4/12/2022
Project: Canyon Estates Units: English
SubTitle: Design Point 7 Areal Units: Acres
State: Colorado

County: E1l Paso
Filename: <new file>

—-—-— Sub~Area Data ---—

Name Description Reach Area(ac) RCN Tc

085 Outlet 91.16 58 2.070
086 Outlet 73.03 58 0.955
ONSITE D Outlet 44 .57 58 0.270
ONSITE E Outlet 3.61 58 0.297

Total area: 212.37 {(ac)

~-- Storm Data --

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr 1-Yr
(in) (in) (in}) {in) (in) (in) (in)
2.1 2.7 3.2 3.6 4.2 4.6 0
Storm Data Source: User-provided custom storm data
Rainfall Distribution Type: Type II

pimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page 1 4/12/2022 10:46:53 PM



Harrison Canyon Estates
Design Point 7
El Paso County, Colorado
Storm Data

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr 1-Yr
(in) {in) (in) (in) (in) (in) (in)
2.1 2.7 3.2 3.6 4.2 4.6 0
Storm Data Source: User-provided custom storm data
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page 1 4/12/2022 10:46:53 PM



Harrison

Sub-Area
or Reach
Identifier

Canyon Estates
Design Point 7
El Paso County, Colorado

Watershed Peak Table

Peak Flow by Rainfall Return Period
5-Yr 100-Yr

SUBAREAS
085

0s6
ONSITE D

ONSITE E

REACHES

OUTLET

(cfts) (cfs)
2.61 22.35
2.98 31.49
3.43 44 .24
0.26 3.41
5.88 58.70

WinTR-55, Version 1.00.10 Page 1

4/12/2022

10:46:53 PM



Harrison Canyon Estates
Design Point 7
El Paso County, Colorado

Hydrograph Peak/Peak Time Table

Sub~Area Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach 5-Yr 100-Yr
Identifier (cfs) (cfs)
(hr) (hr)
SUBAREAS
0S5 2.61 22.35
13.84 13.32
0S6 2.98 31.49
12.78 12.58
ONSITE D 3.43 44.24
12.15 12.08
ONSITE E 0.26 3.41
12.18 12.10
REACHES
QUTLET 5.88 58.70

WinTR-55, Version 1,00.10 Page 1 4/12/2022 10:46:53 PM



Harrison

Sub-Area
Identifier

Canyon Estates
Design Point 7
El Paso County, Colorado

Sub-Area Summary Table

Sub-Area
Description

0386
ONSITE D
ONSITE E

Total Area:

Drainage Time of Curve Receiving
Area Concentration Number Reach
(ac) (hr)

91.16 2.070 58 Outlet
73.03 0.955 58 Outlet
44 .57 0.270 58 Outlet
3.61 0.297 58 Outlet
212.37 {ac)

WinTR-55, Version 1.00.10 Page 1

4/12/2022

10:46:53 PM



Harrison Canyon Estates
Design Point 7
El Paso County, Colorado

Sub-Area Time of Concentration Details

Sub-Area Flow Mannings's End Wetted
Identifier/ Length Slope n Area Perimeter Velocity
(ft) (ft/ft) (sq ft) (ft) (ft/sec)
0385

User-provided

Time of Concentration

0386
User-provided

Time of Concentration

ONSITE D
User-provided

Time of Concentration

ONSITE E
User-provided

Time of Concentration

WinTR-55, Version 1.00.10 Page 1 4/12/2022

Travel
Time
(hr)

10:46:53 PM



Harrison Canyon Estates

Design Point
El Paso County,

Sub-Area Land Use and Curve Number Details

Colorado

Hydrologic

Soil
Group

Sub-Area
Area
(ac)

Curve
Number

Sub-~Area
Identifier Land Use
0s5 CN directly entered by user

Total Area / Weighted Curve Number

0S6 CN directly entered by user

Total Area / Weighted Curve Number

ONSITE D CN directly entered by user

Total Area / Weighted Curve Number

ONSITE E CN directly entered by user

Total Area / Weighted Curve Number

WinTR-55, Version 1.00.10 Page

1

4/12/2022

58

58

58

58

58

10:46:54 PM



EXHIBIT 8: HYDRAULICS EXHIBITS
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NDOT - Drainage Design and Erosion Control Manual

August 2006

Appendix F: Nomographs and Charts for Culvert Design Page F-4
—~180 10,000 Example
~170 - 8,000 D=36 inches (3.0 f1) 0
-160 [:—6,000 Q=66 cfs e 2)
~140 ! - 4,000 D (fh) -5 [®
} -
~130 5 - 3,000 [ 6.
j) X () .8 5.4 R :
T2+ 2,000 @ 2l 63 : I
o= 1,500 3) 22 6.6 s f )
- 100 5 : *D in ft [_ C
—_ % G 1,000 51 3.0 | _
- 90 - 800 =y
I + - = i I
v - 600 =~ Lo - r
$ _—80 q@ 500 e - _t
2 & 100 - e e
c - 10 - F300 o T -
i ~F g | i -
c St =L - N
= € E200 \e a
— 60 F «© | ~ L5 1.5
=k SE o = - :
o 5| ey
o [ 50 £ E100 a :
> O o L L
S D8 o L
© = ZGO - F
Y4 . = £ o Lo ~1.0
B o :"5'@\\\ Qg@o g !%) _'6 L L
= . ~ 40 - = —1.0
(@] I I 5 -8 .9 —.9 B
v * - 30
0] C En e o L L
5 E - HW/D Scale — Type - .9
22 20 -8 8
o © =0 - 0 Headwall
i i [ ) Mitered to N - .8
. F conform
B »\ =10 to slope L7 7 r
i \8 (3) Projecting .
r 6 L L "
B :4 . To use scdle (2)or (3), project -
20 L horizontdlly to scale (), then -6 —.6
-3 se straight Inclined line through L&
— 18 i D\gnd Q scdales, or reverse as - i
E2 llusgrated. I
- 16 F N
- \\,(ﬂ’ o 6."“ CSQQ —o L 5
14 L. \\\6‘5 ~.5
—+ L 12

Exhibit F.2 Headwater Depth for CMP Culverts with Inlet Control

5"\/{'@ &q c&;

(Source: Reference F.1)
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NDOT - Drainage Design and Erosion Control Manual August 2006
Appendix F: Nomographs and Charts for Culvert Design Page F-4
—180 10,000 Example »
-170 - 8,000 D=36 inches (3.0 1) (0
—160 6,000 Q=66 cfs 6 )
- 150 -5,000 % [
_ 4,000 Hiw oW -5 6. 3
|4O . | D (f+) " 3
= -
-30 G - 3,000 | 6.
o [ W L8 5.4 e
B 2,000 2 21 6.3 ; I
= 1,500 3 22 66 . f .
L1005 : *D in ft - I I
—_ =% % = 1,000 =10 -3 [
90 O E 800 ST i 3.
i + = =
I :‘600 ~ 2. 2 r
g —'80 " :-500 e - _r
5 Lo 6 00 - 2 -2,
N r O —F T
St SR E L [ -
[ B 8 [ .9 L. i
= < 200 \@ a i
—~ ~60 I \v) 1.5 1.5
= SE o £ - _
+ F &6 C ot " i
o[ & E100 o -
S 50 oE o L i
= wE8 o L
3 — [
O Qp - L
Y4 /Gg/ £6 0
s © 5 o r -
= , - L0
S 5 0.7 19 28 5 Lg o
g ¢ et § |
v o C rance o | i
g E HW/D Sc Type -.9
c = —.8 = L
S = / Headwall 8
< (2) Mitered to C - -8
conform
to slope L7 | 5 L
{3) Projecting L
To use scale (2) or (3), project +
horizontally to scdle (), then -6 .6
use straight inclined line through L6
D and Q scadles, or reverse as - i
llustrated. i
—.5 L 5
-5

Exhibit F.2 Headwater Depth for CMP Culverts with Inlet Control
(Source: Reference F.1)
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EXHIBIT 9: DRAINAGE MAP
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A PORTION OF THE SOUTH HALF OF THE SOUTHWEST QUARTER,
SECTION 14, TOWNSHIP 12 SOUTH, RANGE 66 WEST OF THE 6th PM.,
COUNTY OF EL PASO, STATE OF COLORADO
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