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VI. Four Step Process
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
This step uses low impact development (LID) practices to reduce runoff at the source.  Generally,
rather than creating point discharges that are directly connected to impervious areas runoff is routed
through pervious areas to promote infiltration.  Grass buffers have been utilized where possible. The
Impervious Reduction Factor (IRF) method was used and calculations can be found in Appendix B.

2. Provide Water Quality Capture Volume (WQCV)
This step utilizes formalized water quality capture volume to slow the release of runoff from the site.
The EURV volume will release in 72 hours, while the WQCV will release in no less than 40 hours. On-
site water quality control volume detention ponds will provide water quality treatment for all but 0.86
acres of the developed areas, prior to the runoff being released into the channel. Refer to WQCV
Plan in Appendix D.

3. Stabilize Drainageways
This step implements stabilization to channels to accommodate developed flows while protecting
infrastructure and controlling sediment loading from erosion in the drainageways. Erosion protection
in the form of riprap pads at all outfall points to the channel to prevent scouring of the channel from
point discharges. A HEC-RAS model will be created and used to evaluate the stability of the existing
and proposed channels as part of the Final Drainage Report for the next phase of the site.

4. Consider Need for Industrial and Commercial BMPs
As this project as all residential development and no commercial or industrial development is
proposed, there will be no need for any specialized BMPs which would be associated with an
industrial or commercial site.

VII. Proposed Drainage Conditions
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Basin OS-5 (0.46 AC, Q5 = 1.1 cfs, Q100 = 2.3 cfs): is associated with The Bent Grass Residential Filing
No. 2, lots 161 & 162 along with a portion of Silky Thread Road. Runoff from this basin generally flows to
the west via curb & gutter along Silky Thread Road before discharging into Basin A-1 at DP 2.

Basin OS-6 (1.17 AC, Q5 = 2.0 cfs, Q100 = 4.3 cfs): is associated with The Bent Grass Residential Filing
No. 2, the northern halves of Lots 170-178 and a portion of the southern side of Willmore Drive. Runoff
from this basin generally flows to the west via curb & gutter along Willmore Drive before discharging into
Basin A-1 at DP 3.

Basin A-1 (2.16 AC, Q5 = 4.9 cfs, Q100 = 11.7 cfs): a basin that includes residential lots, portions of 2
tracts & the east half of Lemon Grass Road. It encompasses single-family residential lots. Runoff will flow
from each lot onto the proposed public R.O.W. where proposed mountable curb and gutter will convey
flows to DP 4. Flows will then enter a proposed CDOT Type ‘R’ inlet and will be piped into the existing
Bent Grass Filing No. 2 WQCV pond located in Basin A-2 at DP 6.

Basin A-2 (0.86 AC, Q5 = 2.0 cfs, Q100 = 4.4 cfs): a basin that includes the back ¾ of single-family
residential lots. Runoff will flow from each lot into the existing channel (RWT204). These flows will not be
detained but are less than 1.0 acre max allowed per criteria.

Basin A-3 (0.92 AC, Q5 = 2.6 cfs, Q100 = 5.2 cfs): a basin that includes the west half of Lemon Grass
Road and the front ¼ of single-family residential lots. Runoff will flow from each lot onto the proposed
public R.O.W. where proposed mountable curb and gutter will convey flows to DP 5. Flows will then enter
a proposed CDOT Type ‘R’ inlet where it will be piped into the existing Bent Grass Filing No. 2 WQCV
pond.

Basin A-4 (0.82 AC, Q5 = 0.4 cfs, Q100 = 2.6 cfs): a basin that includes the existing north water quality
facility built with Bent Grass Filing No. 2 (Tract K). This basin will combine with the other flows being
diverted to this facility and upon treatment, will be released into the existing channel (RWT204).

Basin C-6 (1.37 AC, Q5 = 2.1 cfs, Q100 = 5.1 cfs): a basin that includes a portion of residential lots
between Henzlee Place and Channel RWT204. These lots drain towards the east, towards the channel. A
proposed swale with intercept these flows at the top bank of the channel and divert the flows towards the
south to DP 19, where an area inlet will capture the flows and release into the proposed north water
quality pond.
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Falcon Meadows at Bent Grass PDR

Basin C-1 (9.07 AC, Q5 = 16.9 cfs, Q100 = 36.0 cfs): a basin that includes Sophia Lane, the west half of
Henzlee Place, north portion of Kittrick Place, and encompasses single-family residential lots. Runoff will
flow from each lot onto the proposed public R.O.W. where proposed mountable curb and gutter will
convey flows to DP 15. Flows will then enter a proposed CDOT Type ‘R’ inlet where it will be piped to the
proposed north WQCV pond at DP 13.

Basin C-2 (1.11 AC, Q5 = 2.8 cfs, Q100 = 6.2 cfs): It encompasses single-family residential lots including
the east half of Henzlee Place. Runoff will flow from each lot onto the proposed public R.O.W. where
proposed mountable curb and gutter will convey flows to DP 12. Flows will then enter a proposed CDOT
Type ‘R’ inlet where it will be piped to the proposed north WQCV pond at DP 13.

Basin C-3 (1.52 AC, Q5 = 5.3 cfs, Q100 = 9.9 cfs): It encompasses Kittrick Place between Henzlee Place
& Daelyn Drive, as well as single-family residential lots. Runoff will flow from each lot onto the proposed
public R.O.W. where proposed mountable curb and gutter will convey flows to DP 8. Flows will then enter
an existing CDOT Type ‘R’ inlet on the north side of Bent Grass Meadows Drive, where it will then be
released into the existing Filing No. 2 North WQCV Pond.

Basin C-4 (4.70 AC, Q5 = 8.0 cfs, Q100 = 21.0 cfs): It encompasses residential lots and open space
between Henzlee Place & Bent Grass Meadows Drive. Runoff will flow from each lot onto the proposed
open space, eventually releasing into the public R.O.W. of Bent Grass Meadows Drive, where existing
curb and gutter will convey flows to DP 8. Flows will then enter an existing CDOT Type ‘R’ inlet where it
will then be released into the existing Filing No. 2 North WQCV Pond.

Basin C-5 (0.51 AC, Q5 = 0.3 cfs, Q100 = 1.6 cfs): It encompasses the proposed north WQCV pond
area. The stormwater within the proposed north WQCV pond will be released at a controlled rate, via an
outlet structure with orifice holes, into the existing channel RWT204.

Basin OS-2 (20.07 AC, Q5 = 9.0 cfs, Q100 = 43.4 cfs): is associated with The Meadows Filing No. 1 lots
1, 2, 3, 4, 5, and 6. Runoff from this basin sheet flows from the northwest to the southeast, crossing the
west property line of the site at DP 15. Flows will then be conveyed via a proposed drainage swale to the
south where it will enter Basin D-3 and tie-into the existing drainage swale along the southern boundary
of Basin D-3. It will then continue flowing east before entering an existing area inlet at DP 11 where it will
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collect storm water runoff and convey the water to water quality facilities prior to discharging. Storm sewer
systems will be designed to the 100-year storm and checked with the 5-year storm. Inlets will be placed at
sump areas and intersections where street flow is larger than street capacity. UDFCD Inlet spreadsheet
will be used to determine the size of all at-grade and sump inlets. There will be a minimum of 3 proposed
storm systems within the site. One will collect flows on the north and east side of the project, prior to
entering Bent Grass Meadows Drive. Intercepted flows will be released into the Bent Grass Filing No. 2
existing North water quality pond. Any bypass flows will travel west in Bent Grass Meadows Drive to an
existing storm system in the roadway.

The second system will collect the north and west portion of the site, intercepting flows prior to entering
Bent Grass Meadows Drive. These flows will be released into the proposed North water quality pond. Any
flows bypassed from the storm system will enter Bent Grass Meadows Drive and travel east to the
existing storm sewer system.

The final proposed system will be designed for the remaining south and west portion of the project. Flows
intercepted by inlets will be released into the proposed South water quality pond.

Final drainage report will include details concerning inlet location, street capacity, storm sewer sizing,
outlet protection and location.

IX. Proposed Water Quality Detention Ponds
Two Water Quality Capture Volume Detention Ponds will be provided for the proposed site. One will be
provided for the area north of Bent Grass Meadows Drive and the other will be provided for the area to
the south. Both ponds are private and will be maintained by Bent Grass Metro District. These detention
ponds will only provide water quality. The EURV and 100-year volumes will be conveyed via the
emergency overflow weir, which will be lined. The water quality volume release will be controlled with an
orifice plate that will release in 40 hours. Outlet structures, forebays, trickle channels, etc. will be
designed with the final drainage report during final plat. The required WQCV volume of the North & South
pond are 0.289 acre-feet & 0.875 acre-feet, relatively. The north water quality pond will release into
RWT204 and the south will release into RWT210. Initial sizing of the ponds has been provided in
Appendix C.

state the proposed materials (RCP, CDOT type R inlets)
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will be used to determine the size of all at-grade and sump inlets. There will be a minimum of 3 proposed
storm systems within the site. One will collect flows on the north and east side of the project, prior to
entering Bent Grass Meadows Drive. Intercepted flows will be released into the Bent Grass Filing No. 2
existing North water quality pond. Any bypass flows will travel west in Bent Grass Meadows Drive to an
existing storm system in the roadway.

The second system will collect the north and west portion of the site, intercepting flows prior to entering
Bent Grass Meadows Drive. These flows will be released into the proposed North water quality pond. Any
flows bypassed from the storm system will enter Bent Grass Meadows Drive and travel east to the
existing storm sewer system.

The final proposed system will be designed for the remaining south and west portion of the project. Flows
intercepted by inlets will be released into the proposed South water quality pond.

Final drainage report will include details concerning inlet location, street capacity, storm sewer sizing,
outlet protection and location.

IX. Proposed Water Quality Detention Ponds
Two Water Quality Capture Volume Detention Ponds will be provided for the proposed site. One will be
provided for the area north of Bent Grass Meadows Drive and the other will be provided for the area to
the south. Both ponds are private and will be maintained by Bent Grass Metro District. These detention
ponds will only provide water quality. The EURV and 100-year volumes will be conveyed via the
emergency overflow weir, which will be lined. The water quality volume release will be controlled with an
orifice plate that will release in 40 hours. Outlet structures, forebays, trickle channels, etc. will be
designed with the final drainage report during final plat. The required WQCV volume of the North & South
pond are 0.289 acre-feet & 0.875 acre-feet, relatively. The north water quality pond will release into
RWT204 and the south will release into RWT210. Initial sizing of the ponds has been provided in
Appendix C.

The south pond will be constructed in
conformance with water quality
requirements with the early grading.

Proposed Channel Improvements
hannel design is anticipated to have a series of Grouted Sloping Boulder Drops within it. Final
n and details of the channel and associated structures will be provided with the corresponding Final
age Reports.

p protection will be provided at the individual outfalls from the site into the channel to prevent
ing from the point discharges if velocity constraints are not met.

vements to the existing channel are outlined in the Master Development Drainage Plan for Bent
s Residential Subdivision (MDDP). As part of this development, improvements outlined in the MDDP
e existing channel will be implemented.  Final design of the channel and all improvements
iated with it will be completed with the Final Drainage Report, including channel grading, drop/check
ure design, etc.

Maintenance
roposed channels are to be public facilities. A buffer has been provided along the north boundary of
te between the rerouted channel RWT202 and the back of the proposed lots. After completion of
ruction and upon the Board of County Commissioners acceptance the West Tributary channel is
pated to be owned and maintained by El Paso County along with all drainage facilities within the
 Right-of-Way.  Swale D, which is located along the west property line, will run through an existing

ment through the back of several residential lots. The swale will be maintained by the Bent Grass
 District.

xisting swale along the north property line, built as part of Bent Grass Filing No. 2, will have a
enance access road constructed beginning at the north end of the Lemon Grass Road cul-de sac.

Wetlands Mitigation
etlands are located on site.

You need to address whether the DBPS improvements
will be adequate for the increased flows (~1300 vs ~900
cfs? and what the proposed revisions are.
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The proposed channels are to be public facilities. A buffer has been provided along the north boundary of
he site between the rerouted channel RWT202 and the back of the proposed lots. After completion of

construction and upon the Board of County Commissioners acceptance the West Tributary channel is
anticipated to be owned and maintained by El Paso County along with all drainage facilities within the
public Right-of-Way.  Swale D, which is located along the west property line, will run through an existing
easement through the back of several residential lots. The swale will be maintained by the Bent Grass
Metro District.

The existing swale along the north property line, built as part of Bent Grass Filing No. 2, will have a
maintenance access road constructed beginning at the north end of the Lemon Grass Road cul-de sac.

Wetlands Mitigation
No wetlands are located on site.

Floodplain Statement
A portion of the project site lies within Zone AE Special Flood Hazard Area as defined by the FIRM Map
number 08041C0553G effective December 7, 2018. A copy of the FIRM Panel is included in Appendix A.

The portion of channel that has a floodplain designation is only the RWT210 and RWT204 portions of the
channel. It is unknown why the western channel, RWT202 is unmapped since it is the larger contributor
egarding flow rates. Discussions have occurred with PPRBD and a no rise certificate will be required for
he existing channel. Models have been obtained from FEMA which show that the FEMA discharges are

higher than the DBPS. Therefore, the culvert crossing at Bent Grass Meadows Parkway has been sized
per the FEMA flows and not the DBPS. The no rise certification will be provided under a separate report.

Also  address the swale
from the northwest corner
in Tract G
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Paso Drainage Criteria Manual, October 1991.
ity of Colorado Springs, November 2002.
, Urban Drainage and Flood Control District, January 2
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Tc
I(5) I(100) Q(5) Q(100)

min.) (in/hr) (in/hr) (cfs) (cfs)
46.6 1.8 3.1 220.0 1000.0

flow Length  (ft) Velocity (fps) d. Time  (min) T. Time  (min)

SS/MERIDIAN ROAD - PDR
TING - CURRENT CONDITIONS

I N T E N S I T Y T O T A L   F L O W S

T R A V E L   T I M E

RIBUTING Tc
SINS CA(5) CA(100) I(5) I(100)

(min.) (in/hr) (in/hr)
2 124.80 324.77 46.6 1.8 3.1
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e Scenario:  100 YR
Hydra

Grade
(In
(ft

Capacity
(Full
Flow)
(cfs)

Vel
(ft/s)

Flow
(cfs)

Manning's
n

a
)

6,93101.5710.25128.810.0130
6,9497.6910.5056.020.0130
6,94100.609.0086.570.0130
6,9448.4415.5224.850.0130
6,94142.8012.45106.070.0130
6,93143.5912.49105.370.0130
6,93142.4512.40104.930.0130

cenario:  100 YR
e: Conduit Table
ng No. 3 Storm

Ener
Grade 

(Ou
(ft)

Energy
Grade Line

(In)
(ft)

Hydraulic
Grade Line

(Out)
(ft)

Hydraulic
Grade Line

(In)
(ft)

Capacity
(Full
Flow)
(cfs)

Vel
(ft/s)

Flow
(cfs)

anning's
n

6,936,933.686,929.406,932.05101.5710.25128.810.013
6,946,944.466,943.636,943.9297.6910.5056.020.013
6,946,944.266,942.976,943.00100.609.0086.570.013
6,946,945.386,942.466,944.2648.4415.5224.850.013

flow is higher than
capacity - are
watertight gasket
joints proposed?

Provide update
for Filing 2
North pond

0.00 feet Basin Volume at Top of Freeboard = 3.03 acre-ft

2.32 feet Discharge at Top of Freeboard = 130.23 cfs

WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
N/A N/A 1.19 1.50 1.75 2.00 2.25 2.52 3.68

0.875 2.129 1.505 2.066 2.534 3.682 4.754 6.187 12.228
N/A N/A 1.505 2.066 2.534 3.682 4.754 6.187 12.228
N/A N/A 0.4 0.8 1.1 10.1 20.3 33.7 87.9
N/A N/A
N/A N/A 0.01 0.01 0.02 0.15 0.30 0.50 1.30
N/A N/A 14.2 19.8 24.5 40.0 53.5 70.5 139.1
0.6 46.3 5.0 9.6 13.8 27.0 36.9 47.1 118.4
N/A N/A N/A 12.3 12.6 2.7 1.8 1.4 1.3
Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Spillway
N/A 3.82 0.32 0.7 1.0 2.1 2.8 3.6 4.7
N/A N/A N/A N/A N/A N/A N/A N/A N/A
40 39 43 42 40 36 33 30 20
43 45 48 47 46 45 43 42 35

2.32 4.27 2.72 2.87 2.98 3.27 3.57 4.11 5.23
0.53 0.77 0.57 0.59 0.60 0.63 0.67 0.75 0.91
0.879 2.131 1.099 1.180 1.246 1.431 1.620 2.010 2.929

user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

2/9/2021, 12:42 PM

grate velocity is
dangerous - larger box
size is recommended

Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 3.472E-02 ft2

Depth at top of Zone using Orifice Plate = 2.32 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 9.00 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 5.00 sq. inches (use rectangular openings) Elliptical Slot Area = N/A ft2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 0.80 1.60
Orifice Area (sq. inches) 5.00 5.00 5.00

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)
Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = 2.32 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.06 ft2

Depth at top of Zone using Vertical Orifice = 4.27 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.08 feet
Vertical Orifice Diameter or Height = 2.00 inches

Vertical Orifice Width = 4.00 inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Not Selected Not Selected Not Selected Not Selected

Overflow Weir Front Edge Height, Ho = 2.50 ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 2.50 feet
Overflow Weir Front Edge Length = 6.00 feet Overflow Weir Slope Length = 3.00 feet

Overflow Weir Grate Slope = 0.00 H:V Grate Open Area / 100-yr Orifice Area = 2.57
Horiz. Length of Weir Sides = 3.00 feet Overflow Grate Open Area w/o Debris = 12.60 ft2

Overflow Grate Open Area % = 70% %, grate open area/total area Overflow Grate Open Area w/ Debris = 6.30 ft2

Debris Clogging % = 50% %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Not Selected Not Selected Not Selected Not Selected

Depth to Invert of Outlet Pipe = 2.50 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 4.91 ft2

Circular Orifice Diameter = 30.00 inches Outlet Orifice Centroid = 1.25 feet
Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 4.33 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 1.00 feet

Spillway Crest Length = 20.00 feet Stage at Top of Freeboard = 5.33 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.93 acres

Freeboard above Max Water Surface = 0.00 feet Basin Volume at Top of Freeboard = 3.03 acre-ft

Max Ponding Depth of Target Storage Volume = 2.32 feet Discharge at Top of Freeboard = 130.23 cfs
Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.25 2.52 3.68

CUHP Runoff Volume (acre-ft) = 0.875 2.129 1.505 2.066 2.534 3.682 4.754 6.187 12.228
Inflow Hydrograph Volume (acre-ft) = N/A N/A 1.505 2.066 2.534 3.682 4.754 6.187 12.228
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.4 0.8 1.1 10.1 20.3 33.7 87.9

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.01 0.02 0.15 0.30 0.50 1.30

Peak Inflow Q (cfs) = N/A N/A 14.2 19.8 24.5 40.0 53.5 70.5 139.1
Peak Outflow Q (cfs) = 0.6 46.3 5.0 9.6 13.8 27.0 36.9 47.1 118.4

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 12.3 12.6 2.7 1.8 1.4 1.3
Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Spillway

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

32.28
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