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construction of a right turn lane from Bent Grass Meadows Drive onto Meridian Road as well as a
southbound acceleration lane from Bent Grass Meadows Drive to Owl Place. A Vicinity Map is included in
Appendix A.

The existing soil type within the proposed site as determined by the NRCS Web Soil Survey for El Paso
County Area consists of Columbine gravelly sandy loam which is defined as having a hydrologic soil
group of A. See the soils map included in Appendix A.

III. Previous Reports
The proposed site has been included in multiple drainage studies in the past.  The following is a
composite list of the existing reports pertaining to this site and adjacent sites.

1. Falcon Drainage Basin Planning Study, by Matrix Design Group, September 2015.
2. Master Development Drainage Plan – Bent Grass Residential Subdivision, by Galloway &

Company, May 2019.
3. Master Development Drainage Plan and Preliminary Drainage Plan – Bent Grass Subdivision, by

Kiowa Engineering Corporation, December 2006.
4. Final Drainage and Erosion Control for The Meadows Filing 3 Subdivision, by LADD Engineering,

July 2000.
5. Final Drainage Report for Bent Grass Residential (Filing No. 1), by Classic Consulting Engineers

& Surveyors, LLC, August 2014.
6. Final Drainage Report Addendum for Bent Grass Residential (Filing No. 1), by Classic Consulting

Engineers & Surveyors, LLC, August 2015.
7. Final Drainage Report for Bent Grass Residential Filing No. 2, by Galloway & Company, April

2020.
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Bent Grass MDDP Amendment &
Bent Grass Meadows Drive & Meridian Road - FDR

Design Point 30 (225.0 AC, Q5 = 23 cfs, Q100 = 43 cfs): is located north of basin OS-5, and is comprised
of Basins B3 thru B6, A1, and A3 in Meadows Filing No. 3. The FDR for Meadows Filing No. 3 had the
flows at this location reported as 91.8 cfs and 226.1 cfs for the 5 and 100-year storms. The Bent Grass
Residential Filing No. 1 report updated the flows at this location to 23 cfs and 43 cfs for the minor and
major storm events. This report moved forward with the 23 cfs and 43 cfs, as these were the most recent
and up to date flows for the area. (An excerpt from the Bent Grass FDR is included in the appendix for the
updated flow rates.) Flows will cross under Woodmen Hills Drive via an existing culvert, then sheet flow to
the southeast, passing through Basin OS-5 to DP 11.

Basin OS-5 (14.13 AC, Q5 = 4.9 cfs, Q100 = 27.5 cfs): a basin that is associated with Bent Grass Filing
No. 1. Runoff from this basin sheet flows from the North to the South into basin OS-6.

Basin OS-6 (5.81 AC, Q5 = 1.9 cfs, Q100 = 12.7 cfs): a basin that is associated with Bent Grass Filing No.
1. Runoff from this basin sheet flows from the North to South to an existing sediment pond and then into
Bent Grass Meadows Drive. Flows will continue to the east, through existing curb & gutter on the north
side of Bent Grass Meadows Drive, to the Meridian Road intersection.

Design Point 12 (Q5 = 29.7 cfs, Q100 = 83.3 cfs): is the combined flow from off site basins OS-5 and OS-6
with the flow from Design Point 30 in Bent Grass Meadows Filing No. 3. Flows are released into the Bent
Grass Meadows Drive, where they travel to the east within the existing curb and gutter.

The following basins were part of the Final Drainage Report for Bent Grass Residential Filing No. 1.
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the southeast, passing through Basin OS-5 to DP 11.

Basin OS-5 (14.13 AC, Q5 = 4.9 cfs, Q100 = 27.5 cfs): a basin that is associated with Bent Grass Filing
No. 1. Runoff from this basin sheet flows from the North to the South into basin OS-6.

Basin OS-6 (5.81 AC, Q5 = 1.9 cfs, Q100 = 12.7 cfs): a basin that is associated with Bent Grass Filing No.
1. Runoff from this basin sheet flows from the North to South to an existing sediment pond and then into
Bent Grass Meadows Drive. Flows will continue to the east, through existing curb & gutter on the north
side of Bent Grass Meadows Drive, to the Meridian Road intersection.

Design Point 12 (Q5 = 29.7 cfs, Q100 = 83.3 cfs): is the combined flow from off site basins OS-5 and OS-6
with the flow from Design Point 30 in Bent Grass Meadows Filing No. 3. Flows are released into the Bent
Grass Meadows Drive, where they travel to the east within the existing curb and gutter.

The following basins were part of the Final Drainage Report for Bent Grass Residential Filing No. 1.

Basin H-3 (11.3 AC, Q5 = 3.3 cfs, Q100 = 21.8 cfs): consists of a portion of Woodmen Hills Filing No. 3
and Bent Grass Filing No. 1. It is located between Basins OS-6 and OS-2. Flows will continue in a
southeasterly manner towards Bent Grass Meadows Drive.

Basin OS-2 (4.42 AC, Q5 = 1.4 cfs, Q100 = 9.6 cfs): was represented by a developed off-site basin, in the
Bent Grass Filing No. 1 FDR, located between Basins H-3 and OS-3, north of Bent Grass Meadows
Drive. Flows will continue to the southeast, releasing into Bent Grass Meadows Drive. Any development
of this property in the future will require detention and release at historic rates.

Basin OS-3 (10.24 AC, Q5 = 3.3 cfs, Q100 = 5.6 cfs): was represented by a developed off-site basin, in the
Bent Grass Filing No. 1 FDR, located west of Basin OS-2, north of Bent Grass Meadows Drive. Flows will
continue to the southeast, releasing into Bent Grass Meadows Drive. Any development of this property in
the future will require detention and release at historic rates.

Basin C-1 (2.22 AC, Q5 = 7.6 cfs, Q100 = 13.6 cfs): is the north half of Bent Grass Meadows Drive. Flows
are captured with the existing curb and gutter and conveyed to the east.

Design Point 15 (Q5 = 91.3cfs, Q100 = 103.1 cfs): is the combined flow from Design Point 12 with Basins
H-3, OS-2, OS-3 and C-1. These flows all combine within Bent Grass Meadows Drive and conveyed as
gutter flow to the east. These flows release via an existing riprap “rundown” to the inlet side of 3-elliptical
rcp’s running under Bent Grass Meadows Drive.

Design Point 20 (Q5 = 371.3cfs, Q100 = 953.1 cfs): is located at the northwest corner of the Bent Grass
Meadows Drive and Meridian Road intersection. Flows from DP-15 combine with ditch flow along
Meridian Road. From the approved DBPS, the ditch flows are 280 and 850 cfs for the 5 and 100-year
storm events. Based on an analysis of the existing channel section and culverts, both facilities are
adequately undersized for the DBPS flows. Further discussion is included following the basin discussion.
Analysis of these items are provided in the Appendix.

Basin H-1 (2.03 AC, Q5 = 3.2 cfs, Q100 = 7.3 cfs): is associated with the western half of Meridian Road
and the eastern half of the channel, south of Bent Grass Meadows Drive, in the existing conditions.

Parcel 5301000009 also needs to detain
developed and upstream flows if necessary
due to downstream constraints.
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The Four Step Process is used to minimize the adverse impacts of urbanization and is a vital component
of developing a balanced, sustainable project. Below identifies the approach to the four-step process:

1. Employ Runoff Reduction Practices
The proposed roadway improvements use Low Impact Development (LID) practices to reduce runoff
at the source. All runoff is routed through the pervious areas in the channel to promote infiltration.

2. Implement BMPs That Provide a Water Quality Capture Volume with Slow Release
This step utilizes formalized water quality capture volume to slow the release of runoff from the site.
There is no water quality being proposed with the associated roadway improvements. Per Section
1.7.1.B of the El Paso County Stormwater Quality Policy & Procedures, since the site is less than 1
acre, is not a sensitive or high-risk site, and does not directly discharge into State Waters, it is
excluded from any water quality requirements.

Currently, the existing roadside ditch, ultimately conveys runoff to the existing detention and water
quality pond MN, as shown and discussed in the Falcon DBPS. The Falcon DBPS also shows a
future detention and water quality pond SR-4 that is to receive flows from basin MT060 and discharge
into basin MT070 ultimately routing to existing Pond MN. Flows from Bent Grass Meadows Drive are
listed in basin MT060 but are being routed to the existing roadside ditch along Meridian Road, which
is in Basin MT070. The flows from the “School Site”  and upstream basins will release into the east
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Runoff from the basin generally flows to the southwest, into the roadside channel, where it is conveyed
south.

Design Point 25 (Q5 = 374.5cfs, Q100 = 960.4 cfs): is located at the northwest corner of the Bent Grass
Meadows Drive and Meridian Road intersection. Flows from DP-20 combine with flows from Basin H-1.
Flows will exit the project area through a set of twin culverts located at Owl Place.

In the existing conditions runoff from the west half of Meridian Road near Bent Grass Meadows Drive
drains directly into the roadside channel, which flows south at an average slope of 1.75%. The majority of
the channel in this area is triangular in shape with a depth of approximately 3 feet. As previously stated,
the existing channel was analyzed using Bentley Flowmaster. The flow rate used for the analysis was
taken from the Falcon DBPS. In the DBPS this section of the channel is referred to as RMT064 which has
a flow rate of 140 cfs for the 5-year storm and 580 cfs for the 100-year storm in the existing conditions.
The Flowmaster calculations, which have been included in Appendix C, show that the existing channel
can only convey approximately 260 cfs in its current state. When 580 cfs is analyzed in the existing
channel it produces a depth of approximately 4 feet, exceeding the channel depth by 1 foot. Relevant
excerpts from the DBPS are included in Appendix A.

There are also three existing 45” x 29” elliptical RCP’s that run beneath Bent Grass Meadows Drive that
were analyzed with this report. The Federal Highway Administration’s HY-8 program was used to analyze
the culvert and design the proposed culverts in the future conditions. The calculations included in
Appendix C show that the existing culverts can convey approximately 143 cfs before flow begins to
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necessary (size of both options) to convey existing flows
outside of Bent Grass Meadows Drive.
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Design Point 30 and Basins OS-5 and OS-6 are as described under Existing Drainage Conditions.
However, Basins OS-5 and OS-6 now route through an existing sedimentation pond, on what’s been
previously referred to as the “School Site”, north of Bent Grass Meadows Drive and just west of Bent
Grass Filing No. 2. The existing pond only has an overflow weir to release flows. Based on the grading
and outlet the release rates are 0 cfs and 4.2 cfs for the 5 and 100-year flows. The UDFCD pond
spreadsheet has been included in the appendix.(Note spreadsheet only has outlet information for larger
storm events, as currently, pond only has a weir outlet to release flows.) Flows from Design Point 30 will
be released directly to Bent Grass Meadows Drive.

Basins H-3, OS-2, OS-3 and C-1 all remain as described in the Existing Drainage Conditions.  With flows
from OS-5 and OS-6 reduced the flows for Design Point 15 have been reduced to 13.8 cfs for the 5-year
storm and 65.7 cfs for the100 -year storm. A street capacity analysis was performed for Bent Grass
Meadows Drive. The flows shown will adequately be conveyed within the curb and gutter until released
into the existing ditch at Meridian Road.

Basin P-1 (2.03 AC, Q5 = 4.2 cfs, Q100 = 8.7 cfs): is associated with the western half of Meridian Road
and the eastern half of the channel, south of Bent Grass Meadows Drive, in the proposed conditions.
Runoff from the basin generally flows to the southwest, into the roadside channel, where it is conveyed
south. Provide options for a long-term solution -- the channel or pipe

necessary (size of both options) to convey developed flows outside
of Bent Grass Meadows Drive. If water rights allow for retention,
describe. State what the allowable capacity of Bent Grass Meadows
Drive curb and gutter is along the north side (no overtopping unless it
can be shown that flows won't enter the subdivision to the south).
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 proposed conditions the historic drainage pattern will be maintained with runoff draining from
an Road and Bent Grass Meadows Drive directly into the roadside channel. In order to adequa

mine the increase in runoff from the proposed improvements, the proposed basin, P-1,
mpasses the same area as the historic basin, H-1. Basin H-1 is 48.4% impervious with peak run
s and 7.3 cfs in the 5-year and 100-year storm events, respectively. Basin P-1 is 64.2% impervi
eak runoff of 4.2 cfs and 8.7 cfs in the 5-year and 100-year storm events, respectively. The 1.0 
se in the 5-year event and the 1.4 cfs increase in the 100-year event produced by the proposed
vements will have minimal impact on any downstream properties or infrastructure.

posed basin map has been prepared for this area. The proposed map is included in Appendix D

revise per DBPS flows RMT062
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included in Appendix C.

Similar to the existing channel, Bentley Flowmaster was also used to design the future proposed channel
section. The future channel was designed to have a maximum depth of 5’ per the criteria manual and
have a maximum velocity of 5 ft/s with a maximum Froude number of 0.6.  The flow rate used for the
design, 925 cfs, was taken from the Falcon DBPS flow combined with the additional off-site drainage
coming from the “School Site” and

The future channel section was designed as trapezoidal shape with a 15’ bottom width, 4:1 side slopes,
and 0.3% longitudinal slope. The total depth of the channel will be 6’, providing 1’ of freeboard for the 5’ of
water depth. The velocity of the proposed channel is 4.93 ft/s.

The Federal Highway Administration’s HY-8 program was also utilized to design the future culverts that
will run beneath Bent Grass Meadows Drive. The calculations included in Appendix C show that in order
to adequately convey the 925 cfs in the future conditions, two 16’x4’ concrete box culverts will need to

How many drop structures and what height will be
required to obtain this slope? (~12 ft total=> 1 ft
per 100 ft between BGMD and Owl Place?)

prepared for this area. The proposed map is included in Appendix D.

mprovements
 culverts are undersized and improvements will need to be made in the
ents are being proposed at this time. With the construction of the right

s Drive, the three RCP culverts will be extended approximately 15’ to
adway. Additionally, two more 45”x29” Elliptical RCP pipes will be
ows Drive to convey the flows for DP 20. The existing channel will need
orcement mat (TRM) due to the excessive velocities (9.91 fps), high
roude Number (1.12). With the TRM added to the channel sides, the
ermissible shear stress is 12 lbs/ft2. An analysis of the channel with the

need to improve the existing culverts and channel to adequately convey
ese necessary improvements and associated calculations are described
ng exhibit has been prepared showing these improvements and

ntley Flowmaster was also used to design the future proposed channel
esigned to have a maximum depth of 5’ per the criteria manual and

Verify capacity for the total diverted flows.
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The proposed channel will be a public facility.  After completion of construction and upon the Board of
County Commissioners acceptance the channel will be owned and maintained by El Paso County along
with all drainage facilities within the public Right-of-Way.

XI. Wetlands Mitigation
No wetlands are located on site.

XII. Floodplain Statement
According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map number
08041C0553G, effective December 7, 2018, there is no floodplain in the project area. A copy of the FIRM
Panel is included in Appendix A.

XIII. Drainage/Bridge Fees and Credits/Reimbursements
Since there is no land being platted with this development, drainage and bridge fees are not required.

Address re-routing of RMT062 flows to the Meridian Road channel RMT064,
approximate additional DBPS costs for that channel and the ultimate Bent
Grass and Owl Place culverts and re-allocation of the RMT062 costs to
those three items.

DDP Amendment &
eadows Drive & Meridian Road - FDR

lusion
or the proposed roadway improvements to Meridian Road, between Bent Grass Meadows
wl Place, has been prepared using the criteria and methods as described in the El Paso
nage Criteria Manual. Although the roadway improvements will result in slightly higher runoff
de channel, there will be minimal impact on the downstream infrastructure. The channel was
he existing conditions and determined to be undersized. Although the channel improvements
ade with this development, recommendations are made within this report for the future
 the channel. The channel will ultimately be publicly owned and maintained and shall be the

y of El Paso County.

ences

and drainage facilities for
flows diverted along Bent
Grass Meadows Drive
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HY-8 Culvert Analysis Report
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Project:

Basin ID:

Depth Increment = User ft

lume Calculation Top of Micropool -- 0.00 -- -- -- 13,504 0.310

Selected BMP Type = EDB 6955 -- 1.00 -- -- -- 15,594 0.358 14,393 0.330

Watershed Area = 19.94 acres 6955.5 -- 1.50 -- -- -- 16,727 0.384 22,462 0.516

Watershed Length = 2,400 ft 6956 -- 2.00 -- -- -- 17,860 0.410 31,098 0.714
Watershed Slope = 0.020 ft/ft 6956.5 -- 2.50 -- -- -- 25,788 0.592 42,188 0.968

Watershed Imperviousness = 28.00% percent 6957 -- 3.00 -- -- -- 35,196 0.808 57,434 1.318
ntage Hydrologic Soil Group A = 100.0% percent 6957.5 -- 3.50 -- -- -- 46,043 1.057 77,744 1.785
ntage Hydrologic Soil Group B = 0.0% percent 6958 -- 4.00 -- -- -- 58,370 1.340 103,847 2.384
e Hydrologic Soil Groups C/D = 0.0% percent 6958.1 -- 4.10 -- -- -- 58,370 1.340 109,684 2.518

Desired WQCV Drain Time = 40.0 hours -- -- -- --
cation for 1-hr Rainfall Depths = User Input -- -- -- --
ality Capture Volume (WQCV) = 0.241 acre-feet -- -- -- --
Urban Runoff Volume (EURV) = 0.547 acre-feet -- -- -- --
Runoff Volume (P1 = 1.19 in.) = 0.367 acre-feet 1.19 inches -- -- -- --
r Runoff Volume (P1 = 1.5 in.) = 0.489 acre-feet 1.50 inches -- -- -- --
Runoff Volume (P1 = 1.75 in.) = 0.618 acre-feet 1.75 inches -- -- -- --
-yr Runoff Volume (P1 = 2 in.) = 0.820 acre-feet 2.00 inches -- -- -- --
Runoff Volume (P1 = 2.25 in.) = 1.145 acre-feet 2.25 inches -- -- -- --
Runoff Volume (P1 = 2.67 in.) = 1.680 acre-feet 2.67 inches -- -- -- --

Optional User Override
1-hr Precipitation

Volume
(ft 3̂)

Volume
(ac-ft)

Area
(acre)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional
Override

Area (ft 2̂)
Length

(ft)

Optional
Override
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area
(ft 2̂)

Width
(ft)

Meridian Road

Proposed Pond (School Site - Basins OS-5 and OS-6)

UD-Detention, Version 3.07 (February 2017)

Example Zone Configuration (Retention Pond)

228 acres or run ponds in series with M2? Note
that this result will differ from SCS method
calculation and is for comparison purposes.
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