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ENGINEERING

THE RESERVE AT CORRAL BLUFFS
FINAL DRAINAGE REPORT
EXECUTIVE SUMMARY

Background

The Reserve at Corral Bluffs is a proposed low-density rural residential
subdivision of a 156.5-acre property located in the Corral Bluffs area in eastern El
Paso County.

The development plan consists of 31 residential lots with a minimum lot size of 5-
acres.

General Drainage Concept

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

The majority of this development lies within the Curtis Ranch Drainage Basin,
and the south and southwest areas of the site are located within the Jimmy Camp
Creek Drainage Basin.

Runoff from the majority of the developed site will flow in a northerly direction,
feeding into existing natural swales at the north property boundary, ultimately
reaching a tributary channel of the West Fork of Black Squirrel Creek.

Runoff from the south and southwest parts of the site flows southwesterly towards
tributary channels of Jimmy Camp Creek.

Drainage Impacts

The proposed drainage pattemns will remain consistent with historic conditions, and
development of the proposed 5-acre rural residential lots will have an insignificant
impact on existing downstream drainage swales.

Drainage facilities within public road rights-of-way will be designed and
constructed to El Paso County standards. The proposed public streets will be
owned and maintained by the County.

Drainage facilities such as swales running through private lots will be owned and
maintained by the private lot owners.
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DRAINAGE STATEMENT

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 bel ““ﬁi‘d drainage report has been prepared according to
the criteria established by the County _:_---n% §azE ps and said report is in conformity with the
master plan of the drainage basin. }5-'"‘"- b A ri;,ty for liability caused by negligent acts,
€ITOrs Or OIMissions on my part in PrEpERS

W r B S o

John P. #Lhwab, P.E. #29891 |

ﬁ1

Pt

Y5y

Developer's Statement:

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

By:#éﬂtnmm%(g]&%/e | SO 2

Date

El Paso County's Statement

of the EI Paso County Land Development Code, as amended.

Filed in accordancg’with Section 5]«

= | S0 361

County Engineer / Director Date

Conditions:

ii



FLOODPLAIN STATEMENT

s sho
0804 1CO780F, dated March 17, 1997.

U | VALY

To the best of my knowledge and belief, no parts of the Reserve at Corral Bluffs Subdivision are
located in a FEMA designated floodplain, a wn on FIRM Panels No. 08041C0575F and
3 !“-‘,

John PAchwab, P.E. #29891

iii



L GENERAL LOCATION AND DESCRIPTION

A. Background

The Reserve at Corral Bluffs is a proposed rural residential subdivision located in the Corral Bluffs
area of eastern El Paso County, Colorado. The 156.5-acre property is comprised of several
adjoining parcels (El Paso County Assessor’s Numbers 43310-00-006, 43310-00-010, 43310-00-
011, 43310-00-016, and 43310-00-017) located south and west of the current limits of Hoofprint
Road, as shown in Figure Al (Appendix A). The proposed Reserve at Corral Bluffs Subdivision
will create a total of 31 rural residential lots with 5-acre minimum lot sizes. Filing No. 1 consists of
six proposed lots on approximately 32.3-acres at the northwest corner of the property. Access to
Filing No. 1 will be provided by extension of Hoofprint Road south into the site along the frontage
of the six lots within Filing No.1, with a temporary cul-de-sac at the south end of the filing.

B. Scope

This report will provide a summary of site drainage issues impacting the proposed residential
development. The report will analyze upstream drainage patterns, site-specific developed
drainage patterns, and impacts on downstream facilities. This report is based on the guidelines
and criteria presented in the El Paso County Drainage Criteria Manual, and the report is intended
to fulfill the requirements for a “Final Drainage Report” in support of the Final Plat process for
this property.

C. Site Location and Description

The Reserve at Corral Bluffs parcel is located in parts of the East Half of Section 31 and the West
Half of Section 32, Township 13 South, Range 64 West of the 6th Principal Meridian. The site is
currently a vacant meadow tract. The property is zoned A-5 and RR-5 (rural residential),
allowing for 5—acre minimum lot sizes. A new public road extension of Hoofprint Road will be
constructed through the subdivision, providing a connection between the two existing end points
of Hoofprint Road. One additional new public road (Solberg Court) will extend to cul de sacs on
both the northeast and southwest sides of Hoofprint Road. All of the proposed lots in the
subdivision will have driveway access to either Hoofprint Road or Solberg Court. Subdivision
improvements will include site grading, roadway construction, and utility improvements for the
31 proposed residential lots.

The parcel 1s bordered by rural residential properties to the north and northeast, with 5-acre
minimum lot sizes. The adjoining lots on the north side of the property were previously platted as
Corral Ranches Subdivision Filing No. 3 and No. 4. The properties along the western boundary are
rural ranch properties with 35-acre minimum lot sizes.

The City of Colorado Springs purchased the bluffs to the south of the property as part of the City
Open Space system. Waste Management owns the property to the southeast as part of the Colorado

Springs Landfill operation.
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Ground elevations within the site range from approximately 6,670 to 6,790 feet above mean sea
level.

The majority of the developed site is located within the Curtis Ranch Drainage Basin, and the
south and southwest parts of the property are located within the Jimmy Camp Creek Drainage
Basin. The terrain is rolling with average grades ranging from 2 to 10 percent. The existing site is
primarily vacant range land, with moderate coverage of prairie grass and shrubs.

D. General Soil Conditions

According to the Custom Soil Resource Report for this site provided by the Natural Resources
Conservation Service (NRCS), on-site soils are comprised of the following soil types (see details in
Appendix B):
e Type 3, “Ascalon sandy loam™: well drained sandy loam soils, hydrologic soils group “B,”
(majority of east side of property and also northwest corner of property)
e Type 4, “Badland”: weathered bedrock, alluvium derived from sandstone and shale and/or
alluvium derived from sitltsone; hydrologic soils group “D,” (south side of property)
e Type 13, “Bresser sandy loam™: well drained sandy loam soils, hydrologic soils group “B,”
(majority of northwest area of property)
e Type 85, “Stapleton-Bernal sandy loams”: well drained sandy loam soils, hydrologic soils
group “B,” (small area at western site boundary)

The existing drainage swales flowing through the site are generally characterized as stable, grass-
lined channels.

E. References

City of Colorado Springs & El Paso County “Drainage Criteria Manual,” revised October 12, 1994.
CDOT, “CDOT Drainage Design Manual,” July, 1995.

El Paso County “Enginecring Criteria Manual,” January 9, 2006.

Entech Engineering, Inc., “Soils, Geology, Geologic Hazard and Wastewater Study, The Rescrve at
Corral Bluffs,” January 23, 2012,

FEMA, Flood Insurance Rate Map (FIRM) Number 0804 1C0575-F and 0804 1C0780-F, March 17,
1997.

JPS Engineering, Inc., “Prelirunary Drainage Report for The Reserve at Corral Bluffs,” May 31,
2012. '

Leigh Whitehead & Associates, Inc., “Final Drainage Report and Plan for Corral Ranches

Subdivision Filing No. 10,” May, 2003.
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USDA Natural Resources Conservation Service, “Custom Soil Resource Report, Corral Bluffs,”
February, 2012.

IL. DRAINAGE BASINS AND SUB-BASINS
A. Major Basin Description

The majority of the proposed development area lies within the Curtis Ranch Drainage Basin
(CHWS 1000) as classified by El Paso County. Drainage from the northem parts of this site flows
northerly to existing natural drainage swales, which drain northeasterly off-site towards a tributary
channel of the West Fork of Black Squirrel Creek.

The south and southwest parts of the property lie within the Jimmy Camp Creek Basin (FOFO
2000). Drainage from the southwest parts of the site flows southwesterly towards tributary drainage -
channels flowing to the Corral Tributary of Jimmy Camp Creek.

B. Floodplain Impacts

The project site is located beyond the limits of any 100-year floodplain delineated by the Federal
Emergency Management Agency (FEMA). The floodplain limits in the vicinity of the site are
shown in Flood Insurance Rate Map (FIRM) Numbers 08041C0575-F and 08041C0780-F, dated
March 17, 1997, as depicted in Figure A2 (Appendix A).

C. Sub-Basin Description

The existing drainage basins lying in and around the proposed development are depicted in Figures
EXI1 and EX2 (Appendix A). The site is located on a ridge, so off-site drainage areas impacting the
site are minimal. The site is impacted by one off-site drainage basin southeast of the property
(Basin OA1). Drainage from the off-site basin flows northwesterly through the existing natural
drainage channels within this site towards the north boundary of the site. The existing on-site
topography has been delineated as six drainage basins, as shown in Figure EX2 (Appendix A).
Drainage Basins A-D flow northerly towards the Curtis Ranch Drainage Basin at the north
boundary of the site. Drainage Basins E and F flow southwesterly towards the Jimmy Camp Creek
Basin at the south and west boundaries of the site.

The natural drainage patterns will be impacted through development by site grading and

concentration of runoff in-subdivision streets. Developed runoff will generally continue to follow
historic paths.

JAjpsprojects\08 | 104, cormal-bluffs\AdminWFDR .corral-bluffs. 1 013.doc 3



III.  DRAINAGE DESIGN CRITERIA
A. Development Criteria Reference

No Drainage Basin Planning Study (DBPS) has been completed for the Curtis Ranch Drainage
Basin. El Paso County has a DBPS in progress for Jimmy Camp Creek, but the study has not yet
been completed. No Master Development Drainage Plans (MDDP’s) were found for any adjacent
subdivisions. We understand the previously platted subdivisions adjacent to the north boundary of
this site (Corral Ranches Filing No. 3 and No. 4) were platted in the 1977-1978 timeframe, and no
drainage reports for these subdivision filings were found on file with El Paso County.

B. Hydrologic Criteria
The tributary drainage basins impacting this site are all less than 100 acres, so Rational Method

Hydrology procedures were utilized for calculation of peak flows. Rational Method hydrologic
calculations were based on the following assumptions:

® Design storm (minor) ' 5-year
¢ Design storm (major) 100-year
e Time of Concentration — Overland Flow “Airport” equation (300” max. developed)
e Time of Concentration - Gutter/Ditch Flow “SCS Upland” equation
¢ Rainfall Intensities : El Paso County I-D-F Curve
» Hydrologic soil type B
G5 €100

¢ Runoff Coefficients - undeveloped:

Existing pasture/range areas 0.25 0.35
¢ Runoff Coefficients - developed:

Proposed lot areas (5-acre lots) 0.28 0.38

(see composite runoff coefficient calculations in Appendix C)

Composite runoff coefficient (*C-values”) were calculated for the proposed 5-acre rural residential
lots based on typical house footprints, typical gravel driveway lengths, and the proposed layout of
new gravel public roads within the subdivision. The calculated values of Cs = 0.28 and Cjop = 0.38
are consistent with the runoff coefficients utilized in the previously approved “Final Drainage
Report and Plan for Corral Ranches Subdivision Filing No. 10.” Hydrologic calculations are
enclosed in Appendix C, and peak design flows are identified on the drainage plan drawings.
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Iv.

A.

DRAINAGE FACILITY DESIGN

General Concept

Development of the proposed subdivision will require site grading, roadway construction, and
utility improvements serving 31 new residential lots, resulting in a marginal increase in impervious
areas across the site. The general concept for management of developed storm runoff is to grade the
home sites to provide positive drainage away from the building pads, and divert runoff to the
proposed roadside ditches and existing grass-lined drainage swales flowing through the property.

The proposed rural residential subdivision development is an inherently low impact development
(LID) approach based on the low densities proposed. Low impact development techniques
associated with this subdivision include the following:

Minimize overlot grading; roadways will be excavated to closely match existing grades, and
existing vegetation will generally be preserved unless removal is spemﬁca]ly required for
roadways, building pads, utility corridors, cut slopes, etc.

New public roads will have rural cross-sections with grass-lined ditches to encourage
infiltration of stormwater.

Specific Details

1. Existing Drainage Conditions

Historic drainage conditions are depicted on Figures EX1 and EX2. The site is currently a
vacant range and meadow property. There are no significant existing drainage facilities

within the property, and there are no existing irrigation facilities, utilities, or significant
encumbrances impacting the site. The south end of the site has severe slopes falling

- towards the City of Colorado Springs Cormral Bluffs Open Space, and the proposed

development plan will minimize disturbance to the existing bluffs.

Off-site flows from Basin OA1 (southeast of the property) combine with on-site drainage
from Basin A, flowing to Design Point #1 at the north boundary of the site. The previously
developed subdivision north of this site (Corral Ranches Subdivision Filing No. 3) platted
two 30-foot wide drainage easements across the downstream lots receiving flows from this
site. The existing downstream drainage channels are grass-lined swales in stable condition.
Historic peak flows at Design Point #7 (Basins OAl and A1) are calculated as Qs = 21.7 cfs
and Q,qp = 54.1 cfs. Historic peak flows at Design Point #8 (Basin A2) are calculated as Qs
= 30.6 cfs and Qigo = 76.1 cfs. Flows from Basins OAl, Al and A2 combine at Design
Point #1, with historic peak flows calculated as Qs =45.4 cfs and Qg0 = 113.1 cfs.

Drainage from Basin B flows northwesterly in an existing stable, grass-lined swale to
Design Point #2, with historic peak flows calculated as Qs = 18.9 cfs and Qg0 = 47.1 cfs.
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Historic drainage from Basin C flows northeasterly in an existing stable, grass-lined swale
to Design Point #3, with historic peak flows calculated as Qs = 4.6 cfs and Qoo = 11.6 cfs.

Drainage from Basin D also flows northeasterly in an existing stable, grass-lined swale to
Design Point #4, with historic peak flows calculated as Qs = 7.7 cfs and Q00 = 19.2 cfs.

In the southwest part of the site, drainage from Basin E flows westerly in stable, grass-lined
drainage swales towards the west boundary of the site, ultimately flowing to the Jimmy
Camp Creek Basin. Historic peak flows at Design Point #5 are calculated as Qs = 13.7 cfs
and Qo0 = 34.1 cfs.

Historic drainage from Basin F in the southemn part of the site drains southerly towards
tributary channels flowing to the Jimmy Camp Creek Basin. Historic peak flows at Design
Point #6 are calculated as Qs = 38.0 cfs and Qg9 = 94.7 cfs.

2. Developed Drainage Conditions

The developed drainage basins and projected flows are shown on the Developed Drainage
Plan (Figure D1, Appendix A). Off-site flows from Basin OA1 will enter the subdivision
through a proposed Culvert QA1 (24" RCP) crossing the new extension of Hoofprint Road.
Flows from Basin OAl then combine with on-site drainage from Sub-Basin Al, and
continue flowing northwesterly through the existing channel draining towards the north site
boundary. A 30-foot wide drainage easement will be dedicated along the existing drainage
channel crossing Lots 4, 7, and 8.

Flows from Basin A2 drain northwesterly to a proposed Culvert A2 (30" RCP) crossing the
new public road (Solberg Court) between Lots 18 and 30. These flows continue
northwesterly in a drainage easement across Lot 18, and then drain through proposed

. Culvert A3 (36” RCP), crossing a low point in the profile of the newly extended Hoofprint
Road. Combined developed flows from Culvert A3 flow northerly in the existing grass-
lined channel across Lots 9-12, ultimately reaching the existing drainage casement at the
north boundary of the site. Drainage easements will be dedicated to protect the existing
natural drainage swales crossing Lots 9-12. As noted on Figure D1, the existing stock pond
within Lots 9 and 11 will be breached to eliminate potential futurc concerns with ownership
and maintenance of the pond. Drainage from Basins OAl, Al, and A5 flows to Design
Point #7, located at the north boundary of Lot 7, with developed peak flows calculated as Qs
= 23.0 cfs and Qjop = 55.8 cfs. Drainage from Basins A2-A4 flows to Design Point #8 at
the north boundary of Lot 12, with developed peak flows calculated as Qs = 33.2 cfs and
Qioo = 80.1 cfs. Developed flows from Basins OAl and A1-AS5 combine at Design Point
#1, with developed peak flows calculated as Qs = 49.9 cfs and Qo = 120.5 cfs. The
developed drainage impact at Design Points #7, #8, and #1 remains minimal based on the
rural residential development plan for the site.
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C.

Developed flows from Basin B will continue to flow northwesterly to Design Point #2, with
peak flows of Qs =22.0 cfs and Q00 = 53.2 cfs.

Developed flows from Basin C will continue to flow northeasterly to Design Point #3, with
peak flows of Qs = 5.3 cfs and Qo0 = 12.7 cfs.

Developed flows from Basin D will continue to flow northeasterly 1o Design Point #4, with
peak flows of Qs = 8.7 cfs and Qyg0 = 21.1 cfs.

In the southwest part of the site, developed drainage from Basin E will continue to flow
westerly to Design Point #5, with developed peak flows calculated as Qs = 15.6 cfs and Q00
=37.6 cfs.

As previously noted, the proposed development plan for the site will prohibit disturbance of
the existing bluffs at the south end of the site. As such, developed drainage from Basin F
will continue to flow towards the south boundary of the site, with developed peak flows
matching the historic peak flows of Qs = 38.0 cfs and Qg0 = 94.7 cfs.

Comparison of Developed to Historic Discharges

Based on the hydrologic calculations in Appendix C, the total developed flow from the site will
slightly exceed historic flow from the site. The comparison of developed to historic discharges at
key design points is summarized as follows:

Design | Area Qs Qoo Area Qs Q00 Historic Flow

Historic Flow Developed Flow Comparison of Developed to

___Pqint_ u(ac) _ (c_:f_s) _ (cfs); 7 (ac) (_cfs) ‘(c‘fs) 1

+ 07
i

1133 | 454 | 1131 | 1126 | 499 | 120.5 | +4.5 cfs/ +7.9 cfs (increase)

25.7 18.9 47.1 263 | 220 | 53.2 | +3.1cfs/+6.1 cfs (increase)

6.0 4.6 11.6 6.0 53 12.7 | 40.7 cfs / +1.1 cfs (increase)

11.0 7.7 19.2 11.0 8.7 21.1 | +0.4 cfs/ +1.9 cfs (increase)

159 |. 137 34.1 159 | 15.6 | 37.6 | +1.9cfs/+3.5 cfs (increase)

40.2 38.0 94.7 40.2 | 380 | 94.7 | (nochange)

54.2 217 54.1 519 | 23.0 | 55.6 | +1.3cfs/+1.5cfs (increase)

ol alwl|~]|"

59.0 30.6 76.1 60.6 | 332 | 80.1 | +2.6cfs/+4.0cfs (increase)

The total increase in developed flow is estimated to be approximately 6.3 percent, and the
maximum increase at any design point is less than 8 cfs, which represents a minimal increase.
The minor increase in developed flow will be mitigated by proper erosion control measures
within the site, including riprap outlet protection downstream of each of the new public culverts
crossing the subdivision streets.
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D. On-Site Drainage Facility Design

Developed sub-basins and proposed drainage improvements are depicted on the enclosed
Developed Drainage Plan (Sheet D1). In accordance with El Paso County standards, new roadways
will be graded with a minimum longitudinal slope of 1.0 percent. As shown on Sheet DI, the
typical local road section will consist of a 34-foot gravel roadway width, 6:1 ditch slopes, and 2-
foot deep ditches.

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

1. Culverts

The intemal road system will be graded to drain roadside ditches to low points along the
road profile, where cross-culverts will convey developed flows into grass-lined channels
following historic drainage paths. Culvert pipes will be specified as reinforced concrete
pipe (RCP) with a minimum diameter of 18-inches. Preliminary culvert sizes have been
tabulated in Appendix D based on a maximum headwater-to-depth ratio (HW/D) of 1.0 for
the minor (5-year) design storm, and maximum allowable headwater depths in accordance
with County roadway overtopping criteria for the major (100-year) design storm. Final
culvert hydraulic calculations have been performed using the FHWA HY-8 software
package, providing a detailed headwater depth analysis for each culvert crossing (see
Appendix D). Riprap outlet protection will be provided at all culverts.

2. Open Channels

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

The proposed drainage channels will be sized utilizing Manning’s equation for open
channe! flow, assuming a friction factor (“n”") of 0.030 for dry-land grass channels.
Maximum allowable velocities will be evaluated based on El Paso County drainage criteria,
typically allowing for a maximum 100-year velocity of 5 feet per second. The proposed
channels will generally be seeded with native grasses for erosion control. Riprap channel
lining and/or erosion control mats will be provided where required based on erosive
velocities. Ditch flows will be diverted to drainage channels at the nearest practical location
1o minimize excessive roadside ditch sizes. Primary drainage swales crossing proposed lots
have been placed in drainage casements, with variable widths based on the required channel
sections.
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E. Analysis of Existing and Proposed Downstream Facilities

The majority of the proposed subdivision is located within Basins A-D, which drain to existing
natural drainage channels flowing northerly through the site. The existing natural swales
downstream of the property appear to be in stable condition. Development of this property as a
rural residential subdivision in accordance with its current zoning will have an insignificant impact
on downstream drainage facilities.

F. Anticipated Drainage Problems and Solutions

The overall drainage plan for the subdivision includes a system of roadside ditches, channels, and
culverts to convey developed flows through the site. The primary drainage problems anticipated
within this development will consist of maintenance of these channels and culverts. Care will need
to be taken to implement proper erosion control measures in the proposed roadside ditches,
channels, and swales.  Ditches will be designed to meet allowable velocity critera. Erosion
control mats and/or riprap channel lining will be installed where necessary to minimize erosion
concerns. Public road improvements and drainage improvements along the public roads will be
dedicated to the County for maintenance upon completion and acceptance by the County. Proposed
drainage facilities outside the public right-of-way will be owned and maintained by the individual
lot owners, unless otherwise noted.

V. EROSION CONTROL / SEDIMENT CONTROL

Best management practices (BMP’s) will be implemented for erosion control during and after
construction. Erosion control measures will include installation of silt fence at the toe of
disturbed slopes, straw bales protecting drainage ditches, vehicle tracking control pads at access
points, riprap protection at culvert outlets, and revegetation of disturbed areas. Cut slopes will be
stabilized during excavation as necessary and vegetation will be re-established as soon as
possible for stabilization of the graded areas.

VI. COST ESTIMATE AND DRAINAGE FEES

The developer will finance all costs for proposed roadway and drainage improvements, and
public facilities will be owned and maintained by El Paso County upon final acceptance.

This majority of the developed parcel (Basins A-D) is located in the Curtis Ranch Drainage

Basin (CHWS 1000), which is an unstudied basin with no drainage basin fee or bridge fee
requirement.
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The south and southwesterly parts of this site (Basins E and F) are located within the Jimmy
Camp Creek Drainage Basin (FOFO 2000), which has a 2012 drainage basin fee of $15,000 per
impervious acre and a bridge fee of $672 per impervious acre. No significant development
activity is proposed within Basin F, so the only development area impacted by Jimmy Camp
Creek Drainage Basin fee requirements is the southwesterly area within Basin E. Applicable
drainage basin fees within the Jimmy Camp Creek Drainage Basin are summarized as follows:

Average residential lot size = 5 acre/lot
Developed Residential Lot Area (Basin E) = 15.89 acres
Percent impervious = 5.16% (per Site-Specific Impervious Calculation in Appendix C)
Total Impervious area = (5.16% * 15.89 ac.) =0.82 ac.
Adjusted Impervious area = (0.82 ac) * 75% = 0.615 ac.
(includes 25% reduction on drainage fees for 5-acre lots)
Drainage Basin Fee = (0.615 ac.) @ $15,000 ac. = $9,225.00

Bridge Fee = (0.82 ac.) @ $672 ac. = $551.04

The fees calculated above will apply to a future subdivision filing lying within the Jimmy Camp
Creck Drainage Basin.

Filing No. 1 is located in the northwest part of the site, lying entirely within the Curtis
Ranch Drainage Basin, so there are no drainage basin fees or bridge fees required for
Filing No.1.

VII. SUMMARY

The Reserve at Corral Bluffs is a proposed rural residential subdivision consisting of 31 lots on a
156.5-acre parcel. The proposed rural residential subdivision of this parcel into 5-acre lots is
consistent with the surrounding zoning and character of this site.

Development of the proposed subdivision is anticipated to result in a minimal increase in
developed runoff from the site, and erosion control best management practices will be
implemented to mitigate developed drainage impacts. The proposed drainage patterns will
remain consistent with historic conditions, and new drainage facilities will be constructed on-site
to El Paso County standards to safely convey runoff to adequate outfalls. Implementation and
maintenance of proper erosion control measures will ensure that downstream properties are
protected from potential adverse drainage impacts from this development.

Iyjpsprojectsi081 104 corral-blufis\Admin\FDR .cormal-bluffs. 1¢13.doc 10
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Preface

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

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

Aithough soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this inforrnation in some cases.
Examples include soil quality assessments (http.//soils.usda.gov/sqif) and certain
conservation and engineering applications. For more detailed information, contact
your local USDA Service Center (http://offices.sc.egov.usda.gov/locator/app?
agency=nrcs) or your NRCS State Soil Scientist (hitp://soils.usda.gov/cantact/
state_offices/).

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

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

Information about soils is updated periodically. Updated information is available
through the NRCS Soil Data Mart Web site or the NRCS Web Soil Survey. The Soil
Data Mart is the data storage site for the official soil survey information.

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



for communication of program information (Brailte, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 {voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 785-3272
{voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made

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

Currently, soils are mapped according to the boundaries of major land resource areas
{MLRASs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

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

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

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

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in 2 map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

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

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

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

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

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



Soil Map

The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit,
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misunderstanding of the detall of mapping and accuracy of soil ling
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detalled scale.

Please rely on the bar scale on each map sheet for accurate map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Solil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System: UTM Zone 13N NAD83

This product is generated from the USDA-NRCS certified data as of
the version date(s) listad below.

Soil Survey Area:  El Paso County Area, Colorado
Survey Area Data:  Version 8, Apr 6, 2011

Date(s) aerial images were photographed:  7/29/2005

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

* El Paso County Area, Colorado (CO625)

- Map'Unit Syr_nbol - - - Map Unit Name - Acres in AQI . ‘Percent of AO
3 Ascalon sandy loam, 3 to 9 percent slopes 56.3 30.1%
4 Badiand M7 18.6%
13 Bresser sandy loam, 5 to 9 percent slopes 94.1 50.3%
85 Stapleton-Bemal sandy loams, 3 to 20 20 1.1%
percent slopes
Totals for Area of Interest 187.2

Map Unit Descriptions

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

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

Most minor soils have properties similar 1o 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 characleristics 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 pattem was so complex that it was impractical to make enough observations
to identify all the soils and miscellanegus 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

10




Custom Soil Resource Report

on the map provides sufficient information for the development of resource plans. !f
intensive use of small areas is planned, however, onsite investigation is needed to
define and locale the soils and miscellaneous areas.

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

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

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erasion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soif phases. Most of the areas shown on the
detailed soil maps are phases of scil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

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

A complex consists of two or more soils or miscelianeous areas in such an intricate
pattem or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the sails or miscellaneous areas are somewhat 5|m|Iar 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 misceflaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

11
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El Paso County Area, Colorado

3-—Ascalon sandy loam, 3to 9 percent slopes

Map Unit Setting
Elevation: 5,500 to 6,500 feet
Mean annual precipitation: 14 to 16 inches
Mean annual air lemperature: 47 to 50 degrees F
Frost-free period: 130 to 150 days

Map Unit Composition
Ascalon and simiflar soils: 85 percent

Description of Ascalon

Setting
Landform: Hills
Landform position (three-dimensional); Side stope
Down-slope shape: Linear
Across-siope shape: Linear
Parent matenial: Mixed alluvium and/or eclian deposits

Properties and qualities
Slope: 3 ta 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.60 to 2.00 in/hr)
Depth fo water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Maximum salinity: Nonsaline {0.0 to 2.0 mmhos/cm)
Available water capacily: Moderate (about 7.1 inches)

Interpretive groups
Land capability classification (rmgated) 4de
Land capability (nonitrigated). 4e
Ecological site: Sandy Plains (R0O69XY026C0O)
Other vegetative classification: SANDY PLAINS (069BY026C0O)

Typical profile
0 to 8 inches: Sandy loam
8 to 21 inches: Sandy clay loam
21 to 27 inches: Sandy loam
27 to 48 inches: Sandy loam
48 fo 60 inches. Loamy sand

Minor Components

Other soils
Percent of map unit;

Pleasant
Percent of map unit:
Landform: Depressions

12
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4—Badland

Map Unit Setting
Mean annual precipitation: 14 to 16 inches
Mean annual air temperature: 47 to 50 degrees F
Frost-free period: 130 to 150 days

Map Unit Compaosition
Badiand. 95 percent

Description of Badland

Setting
Landform: Erosion remnants
Down-slope shape: Linear
Across-slope shape! Linear
Parent material: Alluvium derived from sandstone and shale and/or alluvium derived
from siltstone

Properties and qualities
Slope: 1to 10 percent
Depth to restrictive feature. 0 to 3 inches to paralithic bedrock
Avaifable water capacity: Very low (about 0.0 inches)

Interpretive groups
Land capability (nonimigated). 8e

Typical profile
0 to 60 inches: Weathered bedrock

Minor Components

Other soils
Percent of map unit;

13—Bresser sandy loam, 5 to 9 percent slopes

Map Unit Setting ‘
Elevation: 6,000 to 6,800 feet
Mean annual precipitation: 14 to 16 inches
Mean annual air temperature: 46 to 50 degrees F
Frost-free period: 125 to 145 days

Map Unit Composition
Bresser and similar soils: 85 percent

13
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Description of Bresser

Setting
Landform: Terraces
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from arkose and/or residuum

Properties and qualities
- Slope: 5 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksaf): Moderately high (0.20 to
0.60 infhr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacily: Moderate (about 6.5 inches)

Interpretive groups
Land capabilily ciassification (irfigated). 4e
Land capability (nonirrigated): 4e
Ecological site: Sandy Foothill (R049BY210C0O)

Typical profile
0 to 8 inches: Sandy loam
8 to 27 inches: Sandy clay loam
27 to 36 inches: Sandy loam
36 to 60 inches: Loamy coarse sand

Minor Components

Other soils
Percent of map unil:

Pleasant
Percent of map unit;
Landformn: Depressions

85—Stapleton-Bernal sandy loams, 3 to 20 percent slopes

Map Unit Setting
Elevation: 6,500 to 6,800 feet
Mean annual precipitation: 14 to 16 inches
Mean annual air temperature: 46 to 48 degrees F
Frost-free period: 125 to 145 days

Map Unit Composition

Stapleton and simifar soils: 40 percent
Bemal and similar soils: 30 percent

14
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Description of Stapleton

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

Properties and qualities
Slope: 3 to 15 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained

Capacity of the most limiling layer 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 poniding: None

Available water capacily: Low (about 4.7 inches)

Interpretive groups
Land capability (nonirrigated): 4e
Ecological site: Gravelly Foothill (R049BY214C0O)

Typical profile
0 to 11 inches: Sandy loam
11 to 17 inches: Gravelly sandy loam
17 to 60 inches: Gravelly loamy sand

Description of Bernal

Setting
Landform: Hills
Landform position (three-dimensional): Crest, side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Residuum weathered from sandstone

Properties and qualities
Siope: 3 to 20 percent
Deplth to restrictive feature: 8 to 20 inches to lithic bedrock
Drainage class: Well drained
Capacily of the most limiting layer to transmit waler (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
‘Frequency of flooding: None
Frequency of ponding: None
Available water capacify: Very low (about 1.8 inches)

Interpretive groups
Land capability (nonirrigated): 6e
Ecological site: Shallow Foothill (RO49BY204CO)

Typical profile
0 to 4 inches: Sandy loam
4 to 11 inches: Sandy clay loam
11 to 13 inches: Sandy loam
13 to 17 inches: Unweathered bedrock

15



Custom Soil Resource Report

Minor Components

Other soils
Percent of map unit:

16
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imagery displayed on these maps. As a result, some minor shifting
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Hydrologic Soil Group—El Paso County Area, Colorado

Reserve at Comral Bluffs

Hydrologic Soil Group

"~ Hydrologic Soil beup— Summary by Map l)nit — El Paso (_:ou'nty Area, Colorado (COB25)

1

) 'Mab‘unii'syrhbola . .~ Mapunit name _ -] . “Rating - _Acresin ADI' " | Percent of AOI .-

3

Ascalon sandy loam, 3 1o 9 percent | B 96.3
slopes

30.1%

4

Badland D 347

18.6%

13

Bresser sandy loam, 5to 9 percent | B 94.1
slopes

50.3%

85

Stapleton-Bernal sandy loams, 310 (B 20
20 percent slopes

1.1%

Totals for Area of Interest 187.2

100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately weill drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group {(A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

USDA  Natural Resources Weh Soil Survey

Conservation Service Nalional Cooperative Soil Survey
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Hydrolegic Soil Group—El Paso County Area, Colorado Reserve at Corral Bluffs

Rating Options

Aggregation Method: Dominant Condilion
Component F’ercent Culoff: None Specified
Tie-break Rule: Higher
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HYDROLOGIC CALCULATIONS



CDOT Drainage Manual, 1995 Chapter 7 - Hydrology

7.4 HYDROLOGIC PROCEDURE SELECTION
7.4.1 Overview

Streamflow measurements for determining a flood frequency relationship at or
near a site are usually unavailable. In such cases, it is accepted practice to
estimate peak runoff rates and hydrographs using statistical or empirical methods.
In general, results from using several methods should be compared, not averaged.
The discharge that best reflects local project conditions, with the reasons
documented, will be used.

7.4.2 Peak Flow Rates or Hydrographs

A consideration of peak runoff rates for design conditions is generally adequate
for conveyance systems such as storm drains or open channels. However, if the
design must include flood routing, a hydrograph is required. Although
hydrograph development (more complex than estimating peak runoff rates) is
often accomplished using computer programs, some methods are adaptable to
desktop procedures. See the AASHTO MQM_MEQ_MM Chapter 7
Appendrx -

7.4.3 Tnme’of Concentrhﬁbn

The time of concentration, T,, is defined as the time it takes a drop of rain falling
on the hydraulically most remote point in the watershed to travel through the
watershed to the first design point. It is a very important parameter at which the
* entire drainagebasin is contfibuting runoff to the design point. The time of
concentration usually has two components. The first is the initial time, T;; which
is' the time runoff is sheet flowing. The travel time, T,, is the time runoff is in a
channel. _ . o,

Tc=Ti+Tc

- For overland flow in a small basin:

1.8(1.1-C)D**
i - SD.33
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CDOT Drainage Manual, 1995 ' Chapter 7 - Hydrology

where
T; = minutes
C = runoff coefficient as defined in the rational equation
D = distance of flow path in feet
(500 ft. max. non-urban areas)
(300 fi. max. urban areas)
S = average slope of basin in %
See Figure 7-1.

For channel flow:

[N &1
th[ 11.9 L J
H .
where
T, = hours
L = distance of flow path in miles
H = elevation difference from beginning of defined channel flow
to the site in feet.

or when a channel velocity is known: _
. L

T =

60 ¥

where
T, = minutes '
V = channel velocity in feet per second"(meters per second)
L = distance in feet (meters) :
See Figure 7-2.

In urban watersheds, the time of concentration at the first design point (including
both channel and overland flow), shall not exceed the following:

T :—L--i- 10

° 180
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TABLE 5-1

RECOMMENDED AVERAGE RUNOYY COEFFPICIENTS AND PERCENT IMPERVIQUS

llcl'
S - FREQUENCY
LAND USE OR ~ PERCENT 190 100
SURFACE CHARACTERISTICS IMPERVIQUS AgB* C&D* A&B* C&Dt
Business . .
Commercial Areas 95 0.90 0.90 0.90 0.90
Neighborhood Areas 70 0.75 0.75 0.80 0.80
Residential .
1/8 Acre or less 65 0.60  0.70 0.70 0.80
1/4 Acre 40 0.50 0.60 0.60 0.70
1/3 Acre 30 0.40 0.50 0.55 0.60
1/2 Acre : 25 0.35 0.45 0.45 0.55
1 Acre ' 20 0.30 0.40 0.40 0.50
Industrial
Light Areas ' 80 0.70 0.70 0.80 0.80
Heavy Areas _ 90 0.80 0.80 0.90 0.90
Parks and Cemeteries : 7 0.30 0.35 0.55 0.60
Playgrounds _ 13 0.30 0.35 0.60 0.65
Rajlroad Yard Areas 40 0.50 0.55 0.60 0.65
Undeveloped Areas
Historic Flow Analysis- 2 0.15 0.25 0.20 0.30
Greenbelts, Agricultural ]
Pasture/Meadow 0 0.30 0.45
Forest ‘ 0 0.10 0.15 0.15 0.20
Exposed Rock 100 0.90 0.90 0.95 0.95
Offsite Flow Analysis 45 0.55 0.60 0.65 0.70
(when land use not defined)
Streets '
Paved - Qo0 Q9D 0.90 0.95
Gravel (80D 0.80 0.80 0.85 0.85
Drive and Walks 100 - 0.90 0.90 0.95 0.95
Roofs 90 0.90 0.90 0.95 0.95
Lawns 0 0.25 0.30 0.35 0.45

* Hydreologic Soil Group
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Storm Rainfall Time Intensity-Frequency Curves
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JPS ENGINEER

THE RESERVE AT CORRAL BLUFFS

COMPOSITE RUNOFF COEFFICIENTS - TYPICAL §-ACRE DEVELOPED RESIDENTIAL AREA

DEVELOPED CONDITIONS
B-YEAR C VALUES _
TOTAL SUB-AREA 1 SUB-AREA 2 ‘ SUB-AREA 3 |
AREA SOIL AREA DEVELOPMENT/ AREA | DEVELOPMENT/ AREA pEVELOPMENT/ WEIGHTED
BASIN (AC) TYPE _(%) COVER C (%) COVER Cc (%) COVER c C VALUE
5-ACRE LOTS 5.00 B 516 IMPERVIOUS 0.9 94.84 LAWN/MEADOW]| 0.25 0.284
100-YEAR C VALUES
TOTAL SUB-AREA 1 SUB-AREA 2 SUB-AREA 3 |
AREA SOIL AREA DEVELOPMENT/ AREA |DEVELOPMENT/ AREA DEVELOPMENT/ WEIGHTED
BASIN (AC) TYPE (%) COVER Cc (%) i COVER C (%) COVER C C VALUE
5-ACRE LOTS 5.00 B 5.18 IMPERVIOUS 0.95 04.84 LAWN/MEADOW| 0.35 0.381
THE RESERVE AT CORRAL BLUFFS
BASINS A-E
|IMPERVIOUS AREA ASSUMPTIONS:
HOUSE FOOTPRINT = 3000 SF
DRIVEWAY GRAVEL (260 LF * 12" W) = 3000 SF
GRAVEL IMPERVIOUS PERCENT = 0.8
DRIVEWAY IMPERVIOUS AREA = 2400 SF
SUBTOTAL IMPERVIOUS AREA PER LOT = 5400 SF
TOTAL NUMBER OF LOTS = 31 EA
TOTAL LOT IMPERVIOUS AREA = 3.84 AC
TOTAL ROADWAY LENGTH = 5847 LF
TYPICAL ROAD WIDTH = M FT
TOTAL ROADWAY GRAVEL AREA = 4.6 AC
GRAVEL IMPERVIOUS PERCENT = 0.5
TOTAL ROADWAY IMPERVIOUS AREA = 3.7 AC
TOTAL SUBDIVISION IMPERVIOUS AREA = 7.49 AC
TOTAL BASIN AREA = 1451 AC
% IMPERVIQUS = 5.16%

C-CALC-comal

21472012



THE RESERVE AT CORRAL BLUFFS

RATIONAL METHOD
HISTORIC FLOWS _
QOverland Flow Channel Nlow
C RIGH | LOW CHA TOTAL]_THIEREITY™ _PEAK FLOW |
BASIN DESIGN| AREA |6-YEAR™ | 100.YEAR M| LENGTH|SLOPE| Tco ™} ELEV. | ELEV.| M | LENGTH | LENGTH |SLOPE| Tt™ | Te® s.vn—l 100-YyR | Q8™ |Q100™
POINT | (AC) {FM (%) [(MN)] (FT) | (FT) | (FT) {FT} (M) (%) | (MIN)| (MIN} [{INHR}| {IN'HR] | (CFS} ] [CFS)
oAl Oa1 [ 2883 | 025 0,35 1000 12 | 455 | 6758 | @733 | 25 630 012 40% | 387 | 494 | 179 | 318 [ 1184} 2075
A 864 | 025 0.35 00 | 6733 | 6697 | 36 1550 0.29 23% | 951 | 95
OA1A 1 113.27| 028 0.35 589 | 180 | 285 | 4537 | 113.05
s Z 2585 | 025 0.35 300 80 [133] 6760 | 6896 | B84 1550 0.29 41% | 762 | 209 | 295 | 525 | 1891 47.12
c 3 5.06 0.25 0.35 300 47 | 158 | 6742 | 6728 | 13 400 008 33% | 2065 | 188 | 311 | 554 | 484 11‘.15_‘
D 4 1086 | 025 0.35 300 33 [ 178 ] 6744 | eape | 48 1000 019 48% | 513 | 220 | 281 | 500 | 769 | 19.17
E 5 1580 | 0.25 0.35 300 80 [ 133 ] 6780 [ 6720 | 40 400 D08 | 100% ] 191 | 152 | 344 | 613 | 1388 34.10
F [ 4017 | 025 0.35 300_ | 253 [ 90 | 8720 | 8800 [ 120 900 047 {133% ] 319 | 122 | 379 | 6.74 | 3801 | 9473
DEVELOPED FLOWS
Cvarland Flow Channel flow _
C HIGH Low CHANNEL | CHANNEL TOTAL INTENSITY ™ pPRAK FLOW
BASIN DESIGN| AREA | 5-YEAR™|100.-YEAR ™| LENGTH|SLOPE| Teo ™| ELEV. | ELEV. | H | LENGTH | LENGTH [SLOPE| ™ | Tc® [ &.¥YR | 100-YR| Q8™ |Qi00™
POINT | (AC) (FT) % |pany) (FfM | P | (FD) (FT) {M1) (%) | {MIN) | (M) [onmHRY| anmRy | (CFS) | (CFS)
oAl oal | 2983 | 025 0.35 1000 12 | 455 6758 | 6733 | 25 630 0.12 40% | 387 | 494 | 178 | 2319 [11.84] 2875
a1 1571 ] 028 0.38 D0 | 8733 | 8715 | 18 650 0.12 28% | 455 | 46
OAt AL A 4234 028 0.38 540 | 170 | 2302 | 20101 48.56
[¥] A2 | 2489 | o028 0,38 300 50 | 160 | 8762 | 8740 | 22 600 041 37% | 384 | 188 | 311 | 553 | 2167 | 52.35
A3 1243 | o028 0.38 0.0 | 8740 | 6731 9 400 008 23% | 339 | 34
82 43 A3 | 3732 | 0.8 038 222 | 288 | 508 | 29.85) 72,12
Ad 3289 | o028 0.36 0.0 | 6715 | ees7 | 18 200 017 20% | 663 | B8
OATATAA 1 |11258] o028 028 600 | 158 | 2682 | 49.89 | 120.52
B 2 26341 029 038 300 80 | 128 6760 | 6806 | 84 1650 020 | 41% | 782 | 204 | 298 | 531 | 2200 53.15
c 3 5.90 0.28 0.38 300 47 | 153 | 6742 | 6729 | 13 400 6.08 33% | 205 | 182 | 318 | 5682 [ 527 [ 1273
D 4 1096 | 028 0.38 300 33 | 17.2 | 6744 | eg98 | 48 1000 0.18 48% | 513 | 223 | 285 | 507 | 8.74 | 21.12
E 5 1580 | 028 0.38 300 80 | 128 | 8780 | 6720 | 40 400 008 [100%] 191 | 147 | 348 | 622 [ 1555 37.55
F 8 4017 | 025 0.35 300 | 253 | 8.0 | 6720 | 800 | 120 900 017 [ 133% | 319 | 122 | 379 | 674 | 38.01| 94.73

1) OVERLAND FLOW T¢o = (1.8%(1.1-RUNOFF COEFFICIENT)*(CQVERLAND FLOW LENGTH0.5¥(SLOPE~0.333}}
2) 5C5 CHANNEL TRAVEL TIME, Tt = {{11.9"L*3yH}*(0.385)
3) MANNING'S CF K = 0.70 FOR MEADOW / FOREST
4)Tc=Teo+ TL K=1.0 FOR BARE SOIL
***IF TOTAL TIMEK = 1.5 FOR GRASS CHANNEL
5) INTENSITY BA K = 2.0 FOR PAVEMENT
1={A"P){B + Td*C
5-YEAR VALUES: A =28.85; P1=1.5IN{1-HOUR DEPTH);B=100,C=0.78
100-YEAR VALUES: A =28.85; P =267 IN{1-HOUR DEPTH); B = 10.0; C = 0.78
8)Q=ClA
7T)WEIGHTED AVERAGE C VALUES FOR COMBINED BASINS

AATL comd

JPE ENGINEERING



Roesolution No. 11-449 Exhibit A
El Paso County Drainage Basin Fees

Basin Number Rocoelving Wators Yoar Studled Drainage Basin Name 2012 Drafnage Fee 2012 Bridge Fee
Dmainage Basing with DBPS's:
CHWS1200 Chico Creek 2001 Bennett Ranch $0 058 $640
FOFQ2000 Chico Creek 2001 Wesl Fork .Jimmy Camp Creek $9,847 2,914
CHWS 1400 Chico Creek 2000 Falcon $7.7680 2,987
FOQFQ2600 Fountain Creek 1991* Big Johnsan / Crews Gulch $15.000 1,857
FOFQ2800 Fountain Creek 1988* Widefield $15,000 $0
FOQFO2900 Fountain Creek 1958 Secunty $15,000 $0
FOFQ3000 Fauntain Creek 1991* Windmill Guich $15,000 $216
FOFO3100/FOFQ3200 |Founlain Creek 1986° Carson Street / Litlle Johnson $8,772 $0
FOFO3400 Fountaln Creek 1984" Peterson Field $10,373 $787
FOFCA600 Fountain Creek 1991* Fisher's Canyon £15,000 $0
FOFQ4000 Fountain Creek 1996 Sand Creek $15,000 $4.357
FOFQ4200 Fountain Creek 1977 Spring Creek $7,459 1]
FOFO4600 Fountain Creek 1984 Southwest Area $14,605 0
FOFQ4800 Founlain Creek 1991 Bear Creek $15,000 3787
FOFQ5400 Fountain Creek 1977 21st Street 4,326 $0
FQFO5500 Fountain Creek 1964 19th Streel 2,831 $0
FOFQ5800 Fountain Creek 1964 Camp Creek 1,504 £0
FOMOQ400 Monument Creek 1936* Maza 7,522 S0
FOMOD1000 M it Creek 1981 Douglas Creek 9,044 $199
FOMO1200 Monument Creek 1977 Templeton Gap $9.285 $216
FOMO1400 Monument Creek 1976 Popo's Bluff $2.881 $491
FOMO 1600 Monument Creek 1976 South Rockrimmon $3.381 50
FOMQ1800 Monument Creek 1973 North Rockrimmon $4.326 0
FOMO2000 Monument Creek 1971 Pulpit Rock $4,769 o]
FOMO2200 Monument Creek 1994 Cottorwood Creek / 5. Pine $15,000 b787
FOMO2400 |Monument Creek 1966 Dry Creek $11,353 p411
FOMO3600 |Monument Creek 1989 Black Squirrel Creek $6,529 P11
FOMO3700 |Monument Creek 1887* Middle Tributary $12,001 30
FOMO38040 Monument Creek 1987 Monument Branch $15,000 $0
FOMO4000 Monument Creek 1996 Smith Creek $5,863 $787
FOMO4200 Monument Creek 1989* Black Forest $15,000 $392
FOMO5200 Monument Creek 1993~ Dirty Woman Creek $15,000 $787
FOMQS5300 Fountain Creek 1993* Crystal Creek $15,000 §787
Miscgollaneous Drainage Basins: t
CHBS0800 Chico Creek [Bock Ranch §13,454 $1,953
CHEC0400 Chico Creek Upper East Chico $7,352 $213
CHMS0200 Chico Creek Haegler Ranch $14,806 $0
CHWS0200 Chico Creek Telephone Exchange $8,077 $189
CHWSD400 Chico Creek Livestock company $13,305 $158
CHWS0600 Chico Creek West Squirrel $693 $2,878
CHWSO0800 Chico Creek Solberg Ranch $14.806 $0
FOFO1200 Chico Creek Crooked Canyon $4,342 $0
FOFQ1400 Chico Creek Calhan Reservoir 3,625 $211
FOFO1600 Chico Creek Sand Canyon 2,619 $0
[FOF 02000 Fountain Creek Jimmy Camp Creek ° $15,000 §672
FOF02200 Fountain Creek Fort Carson $11,353 $411
FOFQ2700 Fountain Creek West Little Johnson $948 50
FOF Q3800 Fountain Creek Stratton $6,894 $308
FOFOS5000 Fountain Creek Midland 11,353 b411
'_F_OFOGDOO Fountain Creek Palmer Trail 11,353 p411
FOFO6800 Fountain Creek Black Canyon 11,353 j411
FOFO7200 Fountain Creek Willlarns Canyon $11,353 $411
FOMQ4600 Monument Creek Beaver Creek £8,598 b0
FOMO3000 Monument Creek Ketile Creek 7,766 0
FOMD3400 Monument Creek Elkhom 1,305 50
FOMOCS5000 IMonument Creek Monument Rock 6,234 b0
FOMO5400 I_Monument Creek Palmer Lake 9,967 0
FOMOQS5600 Monument Creek Raspbarry Mountain 3,353 0
PLPLC200 IMonument Creek Bald Mountain 7,145 0
Interim Drainage PBasins: 2
FOFO1800 |Fountain Creek Little Fountain Creek $1,839 0
FOMO4400 |_Monu|‘nenl Creek Jackson Creek $5,692 1)
FOMO4800 Monument Creek Teachout Creek $3,953 $594

1. The miscellaneous drainage fee previous to Septemnber 1999 resolution was the averags of all drainage fees for basins with Basin Planning
Studies performed wilhin the last 14 years.

2. Interim Drainage Fees are based upon draft Drainage Basin Planning Studies of the Drainage Basin Identification and Fee Estimation Report.
(Best available information suitable for setting a fee.)

3. This is an interim fee and will be adjusted when a DBPS is completed. [n addition to the Drainage Fee of $15,000 a surety in the amount of
$7.000 per impervious acre shall be provided to secure payment of additional fees in the event that the DBPS results in a fee greater than $15,000.
Fees paid in excess of the future revised fee will be reimbursed. See Resolution 06-326, September 14, 2006.
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HYDRAULIC CALCULATIONS



RESERVE AT CORRAL BLUFFS
CULVERT DESIGN SUMMARY

JPS ENGINEERING

RD INV PIPE MAX CALC MAX CALC
DESIGN} CL N DIA Q5 ALLOWABLE HW Q100 ALLOWABLE HW
BASIN POINT | ELEV ELEV (FT) (CFS) | HEADWATER | ELEV (CFS) HEADWATER ELEV
OA1 OA1 | 673541 ] 6731.97 2.0 11.9 6733.97 6733.77 29.80 6735.73 6735.47
A2 A2 16739.74 | 673576 2.5 21.7 6738.26 6738.07 52.40 6740.06 6739.85
A3 A3 | 6728.38| 6723.93 3.0 29.9 6726.93 6726.49 72.10 6728.70 6728.49

culvert-hy8-summ.corral-bluffs

10/25/2012




HY-8 Analysis Results

Crossing Summary Table
Culvert Crossing: OA1

Headwater Elevation [Total Discharge (cfs) [Culvert 1 Discharge |Roadway Discharge [iterations
(ft) cfs) (cfs)
6733.77 11.90 11.90 0.00 1
6733.94 13.69 13.69 0.00 1
6734.11 15.48 15.48 0.00 1
6734.30 17.27 17.27 0.00 1
6734.51 19.06 19.06 0.00 1
5734.73 20.85 20.85 0.00 1
6734.98 22.64 22 .64 0.00 1
65735.25 24.43 [24.43 0.00 1
[6735.43 26,22 25.53 0.56 19
6735.45 28.01 [25.69 2.22 5
5735.47 29.80 25.80 3.90 4
6735.41 5.43 25.43 0.00 Overtopping




Crossing - OA1, Design Discharge - 29.8 cfs

Culvert - Culvert 1, Culvert Discharge - 25.8 ¢fs
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HY-8 Analysis Results

Crossing Summary Table
Culvert Crossing: A2

Headwater Elevation [Total Discharge {c¢fs) [Culvert 1 Discharge [Roadway Discharge [iterations
(ft) cfs) cfs)

65738.07 21.70 21.70 0.00 1
6738.28 24.77 2477 0.00 1
6738.50 27.84 07.84 0.00 1
6738.73 §30.91 (30.91 0.00 1
6738.99 33.96 (33.98 0.00 1
6739.27 37.05 [37.05 0.00 1
6739.58 40.12 [40.12 0.00 1
6739.77 143.19 41.87 1.18 16
6739.80 46,26 42,18 3.93 5
6739.83 49.33 42.42 6.74 4
6739.85 52.40 42.63 9.67 4
6739.74 41.61 1.61 0.00 Overtopping




Crossing - A2, Design Discharge - 52.4 cfs

Culvert - Culvert 1, Culvert Discharge - 42.6 cfs
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HY-8 Analysis Results

Crossing Summary Table
Culvert Crossing: A3

Headwater Elevation [Total Discharge (cfs) [Culvert 1 Discharge |Roadway Discharge |lterations
() {cfs) cfs)

6726.49 9.90 29.90 0.00 1
6726.70 4,12 34,12 0.00 1
5726.92 38.34 38.34 0.00 1
6727.14 [42.56 142.56 0.00 1
6727.38 45.78 46.78 0.0 1
6727.64 51.00 51.00 0.00 1

6727.92 55.22 55,22 0.00 1
6728.22 59.44 158.44 0.00 1
6728.41 63.66 52.00 1.50 15
57.28.46 67.88 652.54 5.25 6
6728.49 72.10 62.95 9.07 5
6728.38 - 61.57 651.57 0.00 Oveﬂoppi_ng




Crossing - A3, Design Discharge - 72.1 fs

Culvert - Culvert 1, Culvert Discharge - 63.0 cfs
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TABLE 10-2 {Continued)

TYPICAL ROUGHNESS COEFPFICIENTS FOR OPEN CHANNELS

e of Channel and Descriptis Minimum

c. Concrete bottom float finished
with sides of
1. Dressed stone in mortar 0.015
2. Random stone in mortar 0.017
3. Cement rubble masonry, 0.016
plastered .
4. Cement rubble masonry 0.020 .
5. Dry rubble or riprap. 0.020 -
d. Gravel bottom with sides of )
1. Formed concrete 0.017
2. Random stone in mortar 0.020
3. Dry rubble or riprap 0.023
e. Asphalt
1. Smooth
2. Rough
f. Grassed '

.. TARLE 10f3
MAXINUM PERMISSBIBLE DESIGN

CPEN CHANNEL PLOW VELOCITIES IN EARTH#

Soil Types
Fine Sand (noncolloidal)
Coarse Sand (noncolleoidal)
Sandy Loam (noncolloidal)
Silt Loam {(nonceollcilal}
‘Oordinary Firm Loam
Silty Clay
Fine Gravel
Stiff Clay (very colloidal)
Graded, Loam to Cobbles (noncolloidal)
Graded, Silt to Cobbles. (colloidal)
Alluvial silts (nonceolloidal)
Alluvial silts (colleidal)
Coarse Gravel (noncolloidal)
Cobbles and Shingles
Hard Shales and Hard Pans
Scft Shales

Saft Sandstone
Sound rock (usu. igneous or hard metamorphic)

Normal Maximum
0.017 0.02¢
0.020 0.024
0.020  0.024

" 0.025 0.03¢
0.030 0.035
0.020 0.025
0.023 0.026
0.032 0.036
0.013
0.016
0.040 0.050

Permissible
Mean Channel
v R
({ft/sec)

2.0
4.0
2.5
3.0
3.5
3.5
s.a
5.0
5.0
5.5
3.5
5.0
6.0
5.5
6.0
3.5
8.0
20.0

* These. velocities shall be used in conjunction with scour

calculations and as approved by City/County.
10-12



THE RESERVE AT CORRAL BLUFFS
CHANNEL CALCULATIONS '
DEVELOPED FLOWS

EXISTING / PROPOSED CHANNELS

JPS ENGINEERING

EXISTING | BOTTOM SIDE | CHANNEL | FRICTION [EASEMENT| Q100 Q100 Q100 CHANNEL
CHANNEL DESIGN | SLOPE WIDTH SLOPE DEPTH | FACTOR | WIDTH FLOW DEPTH | VELOCITY LINING
POINT (%) {8, FT) {Z) (FT) {n) (R) (CFS) (FT) (FT/S)
A1 QA1 2.5 10 10:1 2.0 0.030 30 29.8 0.49 4.00 |JGRASS
A3 A2 4.0 10 30:1 2.0 0.030 30 52.4 0.48 4.50 |GRASS
Ad A3 32 20 25:1 20| 0.030 30 721 _| 050 | 450 |GRASS
A1A Al 2.2 10 10:1 2.0 0.030 30 48.6 0.70 4.40 ]JGRASS
1) Channel flow calculations based on Manning's Equation
2) Channel depth includes 1' minimum freeboard
3) n = 0.03 for grass-lined non-irrigated channels (minimum)
4) n = 0.045 for riprap-lined channels
5) Vmax = 5.0 fps per El Paso County criteria (p. 10-13) for fescue (dry land grass) for 100-year flows
6) Vmax = 8.0 fps with Erosion Control Blankets (NAG C350 or equal)
CHANNEL-CORRAL-BLUFFS 21472012



Project Description

Worksheet Trapezoidal Channe
Flow Element Trapezoidal Channe
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coetfic 0.030
i —
Siope 025000 fu/ft

Left Side Slope 10,00 H: V

Right Side Slope 10.00 H:V

Bottom Width 10.00 h

Discharge 29.80 cfs. =Q;py
Results

Depth 0.49 ft

Flow Area 7.4 f2

Wetted Perimu 19.93 ft

Top Width 19.88 ft

Critical Depth 054 ft

Critical Slope  0.017866 f/it < #_
Velocity 4.04 fis <
Velocity Head 0.25

Specific Energ 0.75 ft

Froude Numb: 117

Flow Type  3Supercritical

c\haestadvmwicorral-bluffs. fm2
02/14/12 12:39:39 PM

© Haestad Methods, Inc.

Worksheet

Worksheet for Trapezoidal Channel

Gress-Lined

JPS Englneering
37 Brookside Road Waterbury, CT 06708 USA

Zhagnef £/

Project Engineer: John P. Schwab
FlowMaster v6.1 {6140}

(203} 755-1666 Page 1 of 1



Project Description

Worksheet Trapezoidal Channe
Flow Element Trapezoidal Chanr
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic 0.030

Slope 040000 fvft

Left Side Slope 3000 H:V

Right Side Slope 30.00 H:V

Bottorn Width 10.00 ft

Discharge 5240 os = &y
Results ‘

Depth 0.48 ft

Flow Area 11.7 ft2

Woetted Perimi 38.87 #

Top Width 38.85 ft

Critical Depth 057 h

Critical Slope 0.018600 ft/ft

Velocity 4,46 t/s /
Velocity Head 031 #

Specific Energ 0.79 ft
- Froude Numb- 1.43

Flow Type supercritical

c:\haestad\imwicorral-bluffs.fm2

02/14/12 12:40:36 PM

© Haestad Methods, Inc.

Worksheet
Worksheet for Trapezoidal Channel

‘ JPS Engineering
37 Brookside Road Waterbury, CT 06708 USA

Lhgarel A5

Project Engineer: John P. Schwab

{203) 755-1666

FlowMaster v6.1 [6140)
Page 1 of 1



Worksheet

Worksheet for Trapezoidal Channel

Project Description

Worksheet Trapezoidal Chanru
" Flow Element Trapezoidal Chann

Method Manning's Formula

Sotve For Channel Depth

Input Data

Mannings Coeflic  0.030

Slope 032000 fuft ,

Left Side Slope 25.00 H: V

Right Side Slope 25.00 H:V

Bottom Width 20.00 t

Discharge 72.10 cfs — @’W

Results

Depth 0.50 ft

Flow Area 16.1 2

Waetted Perim 44.86 ft

Top Width 44.84 ft

Critical Depth 0.58 ft

Critical Slope  0.017704 fuit

Velocity 4.48 /s

Velocity Head 031 it

Specific Energ 0.81 #

Froude Numb: 1.32

Flow Type  Supercritical

cihaestad\fmw\corral-blufts.fm2

Q2/14/12 12:41:49 PM

© Haestad Methods, Inc.

JPS Enginecring
37 Brookside Road Waterbury, CT 06708 USA

Chaqgrel /{7

Project Engineer: John P, Schwab

(203) 755-1666

FlowMaster v6.1 [6140]
Page 10f 1



el oy s T
Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Trapezoidal Channt
Flow Element Trapezoidal Channi
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeflic  0.030

Slope 022000 fi/ft

Left Side Slope 10,00 H:V
Right Side Slope 10.00 H:V

Bottom Width 10.00 ft
Discharge 48.60 cfs = &/m
Results

Depth 066 i

Flow Area 109 #2
Wetted Perime 2325 ft

Top Wikith 23.18 ft
Critical Depth 0.71 ft
Critical Slope  0.016578 ftft
Velocity 4.44 ft's /
Velocity Head 0.3t ft
Specific Energ 0.97 f

Froude Numbx 1.14

Flow Type  Supercritical

Project Engineer: John P. Schwab
chaestadMimwicorral-bluffs.tm2 ’ JPS Engineering FlowMaster v6.1 [6140)

02/14/12 12:42:40 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Worksheet
Worksheet for Triangular Channel

| S J{mp/t’ 4/’%44

~ Project Description ( / .
< /
Warksheet Triangular Channe a1 / o ia f 7
Flow Element Triangular Channe /{0‘7 ]/bo/‘/ //ZL é@o((/
- Method Manning's Formula
- Solve For Channel Depth ;—777 /7&__5;&_ é;L f‘/ [
Input Data
L4
Mannings Coeffic 0.Q3Q érz, £5- 2y /féﬂ(
Slope 010000 fUft

¢ Leht Side Slope 6.00 H:V
Right Side Slope 300 H:V

Discharge 740 cls = Q/W
N Results
- Depth 0.79 #
Flow Area 2.8 w2
Wetted Perimu 732 h
Top Width 713 1
; Critical Depth 070 R
) Critical Slope 0.019288 ft/it
Velocity 262 s < 5 76—77.‘; /K
Velocity Head 0.11 F
Specific Energ 0.90 1
Froude Numbx 0.73

Flow Type  Subcritical

Project Engineer: John P. Schwab
FiowMaster v6.1 [6140]
Page 1 0of 1

- cihaestadvdmwicorral-bluffs.fm2 JPS Enginecring
03/04/13 12:43:03 PM © Haestad Methods, Inc. 37 Brookside Road Walterbury, CT 06708 USA  (203) 755-1666



" THE RESERVE AT CORRAL BLUFFS

DITCH CALCULATION SUMMARY

PROPOSED ROADSIDE DITCHES

JPS ENGINEERING

PROPOSED| SIDE |CHANNEL|FRICTION| ROW Q100 | DITCH | DITCH Q100 Q100 DITCH
FROM| TO SLOPE |SLOPE| DEPTH | FACTOR | WIDTH FLOW | FLOW % ( FLOW | [DEPTH|VELOCITY LINING
ROADWAY STA | STA |SIDE (%6) - {Z) (FT) {n} (tt) BASIN | (CFS) |OF BASIN| (CFS) (FT) {FT/S)
HOOFPRINT ROAD 1+80 | 6440 | E 1.00 6:1/3:1 2.0 0.030 60 Ad 74.4 10 7.4 0.79 2.6 GRASS
HOOFPRINT ROAD 1480 | 6+40 | W 1.00 6:1/3:1 2.0 0.030 60 B 53.2 10 5.3 0.70 2.4 GRASS
HOOFPRINT ROAD 6+40 | 9:50 E 3.90 6:1/3:1 2.0 0.030 60 Ad 74.4 10 7.4 0.61 4.4 GRASS
HCOFPRINT ROAD 6+40 | 9:50 | W 3.90 6:1/3:1 2.0 0.030 60 B 53.2 15 8.0 0.63 4.5 GRASS
HOCFPRINT ROAD 9:50 |12+00| E 1.00 6:1/3:1 2.0 0.030 80 A4 74.4 15 11.2 0.92 2.9 GRASS
HOOFPRINT ROAD 9:50 |12+00| W 1.00 6:1/3:1 2.0 0.030 60 B 53.2 20 10.8 0.91 2.9 GRASS
HOGFPRINT ROAD 12+00 [ 15+88| N 1.00 6:1/3:1 2.0 0.030 60 A4 74.4 10 7.4 0.79 2.6 GRASS
HOCFPRINT ROAD 12400 | 15+88| S 1.00 6:1/3:1 2.0 0.030 60 A3 42.5 10 4.3 0.65 2.3 GRASS
HOCFPRINT ROAD 15+88 [ 19+00| N 6.80 6:1/3:1 2.0 0.030 60 Ad 74.4 10 7.4 0.55 5.4 GRASS/ECB
HOOFPRINT ROAD 15488 119+00| S 6.80 6:1/3:1 2.0 0.030 60 A3 42.5 20 8.6 0.58 586 GRASS/ECB .
HOQOFPRINT ROAD 19+00 | 19+82| N 4.00 6:1/3:1 2.0 0.030 60 Ad 74.4 10 7.4 0.61 4.4 GRASS
HOOFPRINT ROAD 19+00 | 19+82| S 4.00 6:1/3:1 2.0 0.030 60 Al 42.5 15 6.4 0.58 4.3 GRASS
HCOFPRINT ROAD 19482 |1 22+50| N 4.00 6:1/3:1 2.0 0.030 60 Al 55.5 10 5.6 0.55 4.1 GRASS
HOOFPRINT ROAD 19+82 [22450| S 4.00 6:1/3:1 2.0 0.030 60 A2 52.4 15 7.9 0.83 4.5 GRASS
HOOFPRINT ROAD 22450 | 27+01| N 6.79 6:1/3:1 2.0 0.030 60 Al 55.5 10 5.6 0.50 5.0 GRASS/ECB
HOOFPRINT ROAD 22450 27+01| S 6.79 6:1/3:1 2.0 0.030 60 OA1 29.8 10 3.0 0.39 4.3 GRASS
HOOFPRINT ROAD 27+01 | 33+00[ N 6.30 6:1/3:1 2.0 0.030 80 Al 55.5 15 8.3 0.59 5.4 GRASS/ECB
HOOFPRINT ROAD 27+01133+00| S 6.30 6:1/3:1 2.0 0.030 60 QA1 29.8 15 4.5 0.47 4.6 GRASS
HOOFPRINT ROAD 33+00138+50| N 7.36 6:1/3:1 2.0 0.030 80 C 12.7 15 1.9 0.33 4.0 GRASS

DITCH-CORRAL-BLUFFS

42013




PROPOSED ROADSIDE DITCHES

JPS ENGINEERING

PROPOSED| SIDE |CHANNEL|FRICTION| ROW Q100 | DITCH | DITCH [] Q100 | Q100 DITCH
FROM| TO SLOPE |SLOPE| DEPTH | FACTOR | WIDTH FLOW | FLOW % | FLOW | | DEPTH{VELOCITY LINING
ROADWAY STA | stA |sIDE (%) (2) (FT) (n) (| BASIN | (CFS) |OF BASIN| (CFs) (FT) | (FT/8)

SOLBERG COURT 1450 | 4+60 | N 1.00 6:1/3:1 2.0 0.030 B0 A3 | 425 10 43 0.65 2.3 _ |GRASS
SOLBERG COURT 1450 | 4460 | S 1.00 8:1/31| 2.0 0,030 50 A2 | 524 10 5.2 0.69 2.4___|GRASS

SOLBERG COURT 4460 | 8+50 | N 7.90 6:1/3:1] 2.0 0.030 60 A3 | 425 10 4.3 0.44 50 |GRASS/ECB

SOLBERG COURT 4+60 | B+50 | S 7.90 8:9/3:1] 2.0 0.030 0 A2 | 524 15 7.9 0.55 58 |GRASS/ECE
SOLBERG COURT B8+50 [10+30] N 3.50 6:1/3:1] 2.0 0.030 60 A3 | 425 20 8.5 0.66 4.3 |GRASS

SOLBERG COURT 8+50 | 10+30] S 3.50 8:1/3:1] 2.0 0.030 60 A2 | 524 50 26.2 1.00 58 |GRASS/ECE
SOLBERG COURT 10430 12+201 W 150 |6:4/3:1] 2.0 0.030 60 A3_| 425 25 10.6 0.84 3.3__ |GRASS
SOLBERG COURT 10+30 | 12+20] E 150 |6:1/3:1| 2.0 0.030 60 A2_| 52.4 70 36.7 1.30 4.6 |GRASS
SOLBERG COURT 12120 [ 14+30] W 175 |6:1/3:1| 2.0 0.030 60 A3 | 425 10 43 0.58 28 |GRASS
SOLBERG COURT 12+20 | 14+30| E 175 |6/31| 2.0 0.030 60 A2 | 524 15 7.9 0.73 33 |GRASS
SOLBERG COURT 14+30 | 19+10| W 1.00 6:1/3:1] 2.0 0.030 60 Ad_| 744 15 11.2 0.92 29 __ |GRASS
SOLBERG COURT 14+30 [ 19+10] _E 1.00 6:1/31] 2.0 0.030 60 A1 | 555 20 11.1 0.92 29 |GRASS
SOLBERG COURT 19110 [ 22450 N 6.67 6:1/3.1 | 2.0 0.030 60 A5 | 30.7 15 4.6 0.46 4.8 |GRASS

SOLBERG COURT 19410 | 22450| S 6.67 6:1/3:1] 2.0 0.030 60 A1_| 555 30 16.7 0.75 6.6 |GRASSIECE
SOLBERG COURT 22+50 | 24+20| N 1.00 6:1/3:1] 2.0 0.030 60 A5 | 807 20 B.1 0.74 2.5 |GRASS
SOLBERG COURT 22450 | 24+20| S 1.00 5:1/3:1] 2.0 0.030 60 A1_| 50.0 20 10.0 0.89 2.8 |GRASS
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Markup Summary

dsdlaforce (2)

Subject: Text Box

Page Label: 1

Add PCD File No. SF-18-010 Lock: Unlocked

Status:

Checkmark: Unchecked
Author: dsdlaforce

Date: 4/30/2018 1:25:24 PM
Color: H

Add PCD File No. SF-18-010

Subject: Callout
Page Label: 1
Lock: Unlocked
Status:

Submit a Drainage Report or Letter for Filing 2.

Make sure these items are addressed in the Filing
. 2 drainage report.

izg]%lﬁn;;giaggrﬁecmd 1. Updated drgiqagg and bridge fees for the lots

Date: 4/30/2018 2:39:38 PM (ths 5 & 6) within Jlm_my _Camp Creek._ Make sure

Color: H to include a separate line item for the Jimmy Camp

Creek surety fee.

2. Add a section regarding the 4-step process

defined in ECM Appendix .

3. Include the A2 & A3 culvert calculation and

summarize the results. In other words identify the

depth of over topping at the edge of shoulder

during the 100yr and state if this is in conformance

with the DCM.




