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I. Purpose
The intent of the developer is to make improvements to the intersection at Meridian Road and Bent Grass
Meadows Drive in association with the residential development of the Bent Grass Subdivision.  The
purpose of this Final Drainage Report (FDR) is to identify drainage patterns, locate and identify tributary
or downstream drainage features and facilities that are impacted by the improvements, and to identify
which types of drainage facilities will be needed and where they will be located. A separate report will
serve as an amendment to the approved Master Development and Drainage Plan (MDDP) for Bent Grass
Meadows, approved in May 2019. The MDDP Amendment, that is currently in process, will include the
analysis of the flow from Meadows Filing 3 subdivision, which is now routed to the east and through the
Middle Tributary of the Falcon Basin, as opposed to the West Tributary as previously studied.

II. General Description

The site is located in the Northwest ¼ and Southwest ¼ of Section 1, Township 13S, Range 65W, of the
Sixth Principal Meridian, County of El Paso, State of Colorado. The proposed improvements are located
at the intersection of Bent Grass Meadows Drive and Meridian Road, as well as the west side of Meridian
Road from Bent Grass Meadows Drive to Owl Place.  The proposed improvements include the
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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IV. Drainage Criteria
Hydrology calculations were performed using the City of Colorado Springs/El Paso County Drainage
Criteria Manual, as revised in November 1991 and October 1994 with County adopted Chapter 6 and
Section 3.2.1 of Chapter 13 of the City of Colorado Springs/El Paso County Drainage Criteria Manual as
revised in May 2014.

The drainage calculations were based on the criteria manual Figure 6-5 and IDF equations to determine
the intensity, and are listed in Table 1 below.

Table 1 - Precipitation Data

Return Period One Hour Depth (in). Intensity (in/hr)
5-year 1.50 5.17

100-year 2.52 8.68

The rational method was used to calculate peak flows as the tributary areas are less than 100 acres. The
rational method has been proven to be accurate for basins of this size and is based on the following
formula:

Q = CIA

Where:

Q = Peak Discharge (cfs)
C = Runoff Coefficient
I = Runoff intensity (inches/hour)
A = Drainage area (acres)

The runoff coefficients are calculated based on land use, percent imperviousness, and design storm for
each basin, as shown in the drainage criteria manual (Table 6-6). Composite percent impervious and C
values were calculated using the residential, streets, roofs, and lawns coefficients found in Table 6-6 of
the manual.

The 100-year event was used as the major storm event and the 5-year event was used as the minor
event.

For the analysis of the existing channel adjacent to Meridian Road and the preliminary design of the
proposed channel, Bentley Flowmaster was utilized.  Flowmaster was used to evaluate velocity, Froude
number, and channel depth.  A Manning’s n value of 0.035 was utilized for the channel which is
appropriate for the existing native grass that comprises the channel section.  The proposed 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.

V. Existing Drainage Conditions
A historic basin map has been prepared for this area to analyze the existing basin contributing to the
channel. The historic map is included in Appendix D and basins are described below.
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Design Point 30 (225.0 AC, Q5 = 11 cfs, Q100 = 160 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 flows shown are from the DBPS and have
been used for this report. 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 = 17.7 cfs, Q100 = 200.3 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. This flow is designated as
Design Point 15 and combines with DP 14 and DP20.

Design Point 14 (Q5 = 25.8cfs, Q100 = 254.2 cfs): is the combined flow from Design Point 12 with Basins
H-3, OS-2, and OS-3. 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 = 313.4cfs, Q100 = 1,117.8 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
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.
Runoff from the basin generally flows to the southwest, into the roadside channel, where it is conveyed
south.
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Design Point 25 (Q5 = 316.6cfs, Q100 = 1125.1 cfs): is located at the northwest corner of the Bent Grass
Meadows Drive and Owl Place 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
overtop Bent Grass Meadows Drive. All of the included calculations show that the culverts and channel
are clearly vastly undersized and will need to be improved by El Paso County in the future to properly
convey the flows outlined in the DBPS.

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
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
side of Pond SR-4 (west of Falcon Market Place). Pond SR-4 is currently under construction and is
almost complete. The proposed improvements impact on the existing drainage basin and both Pond
MN and Pond SR-4 are discussed later in the report.
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3. Stabilize Drainageways
This step implements stabilization to the channel 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 stability analysis on the existing roadside ditch along Meridian road was conducted with results
shown in Appendix C. From the analysis, it was determined that the existing ditch is not in stable
condition with existing DBPS flows. Improvements are anticipated to be made in the future, per
recommendations from the Falcon DBPS, when additional land is obtained to expand the ROW along
the southbound portion of Meridian Road.

In the interim condition, it has been proposed to add a temporary lining to the existing channel to
handle the excess velocities and depth associated with the DBPS flows and Bent Grass development
re-routed flows. This analysis has been included in the Appendix.

4. Implement Site Specific and Other Source Control BMPs
Since this project only includes roadway work with no curb and gutter, the potential use of source
control BMP’s is limited. All runoff however, will be conveyed through native grass buffers and a
native grass channel to promote infiltration and pollutant removal.

VII. Proposed Drainage Conditions
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 sedimentation pond is only temporary, and a permanent water quality
detention pond will need to be provided at the time it is developed. 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.

Design Point 20 (Q5 = 306.6cfs, Q100 = 1081.7 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
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storm events. In addition to roadway improvements along Meridian Road, Two additional 45” x 29”
Elliptical pipes are proposed to be constructed under Bent Grass Meadows Drive to convey the additional
off-site flow of 160 cfs.

In the proposed conditions the historic drainage pattern will be maintained with runoff draining from
Meridian Road and Bent Grass Meadows Drive directly into the roadside channel. In order to adequately
determine the increase in runoff from the proposed improvements, the proposed basin, P-1,
encompasses the same area as the historic basin, H-1. Basin H-1 is 48.4% impervious with peak runoff of
3.2 cfs and 7.3 cfs in the 5-year and 100-year storm events, respectively. Basin P-1 is 64.2% impervious
with peak runoff of 4.2 cfs and 8.7 cfs in the 5-year and 100-year storm events, respectively. The 1.0 cfs
increase in the 5-year event and the 1.4 cfs increase in the 100-year event produced by the proposed
improvements will have minimal impact on any downstream properties or infrastructure.

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

VIII. Proposed Channel Improvements
Although the existing channel and culverts are undersized and improvements will need to be made in the
future, minimal channel improvements are being proposed at this time.  With the construction of the right
turn lane on Bent Grass Meadows Drive, the three RCP culverts will be extended approximately 15’ to
span the extended width of the roadway. Additionally, two more 45”x29” Elliptical RCP pipes will be
installed under Bent Grass Meadows Drive to convey the flows for DP 20. The existing channel will need
to lined with a temporary turf reinforcement mat (TRM) due to the excessive velocities (9.91 fps), high
shear stress (5.11lbs/ft2) & high Froude Number (1.12). With the TRM added to the channel sides, the
allowable velocity is 25 fps and permissible shear stress is 12 lbs/ft2. An analysis of the channel with the
TRM is provided in the Appendix.

In the future, El Paso County will need to improve the existing culverts and channel to adequately convey
the flow outlined in the DBPS – The analysis for the future improvements will be provided in the
MDDP/DBPS amendment that is currently in process.

IX. Proposed Water Quality
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.

Though the site does not include the addition of any proposed water quality or detention ponds, future
Pond SR-4 and existing Pond MN from the Falcon DBPS will receive flows from the improved site. The
HEC-HMS has been updated and is included in Appendix B. As discussed previously, the “School Site”
have been added as an additional Basin MT060a, which is routed to the regional detention facility SR-4.
Basin MT070, described in the Falcon DBPS, was analyzed to include the improvements made to the site
within Basin MT070 and the effects it has on existing Pond MN.

From the analysis, Pond SR-4’s 100-yr. receiving flows remained at 1,000 cfs. Based on the increase in
impervious area, Basin MT070’s Curve Number increased from 67 to 68. Subsequently, the 100-yr.
receiving flows entering existing Pond MN decreased to 825.8 cfs from 850 cfs.
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Release rates for SR-4 are 24.3 cfs for the 2-year storm and 696.4 cfs for the 100-year storm. Falcon
DBPS has 2-year storm listed as 27 cfs and 100-year storm as 730 cfs. This gives a decrease of 2.7 cfs
and 33.6 cfs for the 2 and 100-year events respectively.

Pond MN release rates 30.5 for the 2-year storm and 799.4 cfs for the 100-year storm. The DBPS has
release rates listed as 32 cfs for the 2-year storm and 820 cfs for the 100-year storm. This gives a
decrease of 1.5 cfs and 20.6 cfs for the 2 and 100-year events respectively.

X. Maintenance
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.

XIV. Conclusion
This report for the proposed roadway improvements to Meridian Road, between Bent Grass Meadows
Drive and Owl Place, has been prepared using the criteria and methods as described in the El Paso
County Drainage Criteria Manual. Although the roadway improvements will result in slightly higher runoff
to the roadside channel, there will be minimal impact on the downstream infrastructure. The channel was
analyzed in the existing conditions and determined to be undersized. Although the channel improvements
will not be made with this development, recommendations will be made within the MDDP/DBPS
Amendment, that is currently in process, for the future conditions of the channel. The Meridian Road
channel will ultimately be publicly owned and maintained and shall be the responsibility of El Paso
County.

XV. References
1. City of Colorado Springs/County of El Paso Drainage Criteria Manual, October 1991.
2. Drainage Criteria Manual, Volume 2, City of Colorado Springs, November 2002.
3. Urban Storm Drainage Criteria Manual, Urban Drainage and Flood Control District, January 2016

(with current revisions).
4. Falcon Drainage Basin Planning Study, by Matrix Design Group, September 2015.
5. Master Development Drainage Plan and Preliminary Drainage Plan – Bent Grass Subdivision, by

Kiowa Engineering Corporation, December 2006.
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Figure 3-2
Drainage Basin Map

Falcon DBPS
El Paso County, CO
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Total Basin Area 10.7 mi2

Average Subbasin Area 0.16 mi2

Minimum Subbasin Area 0.03 mi2

Maximum Subbasin Area 0.33 mi2

Falcon Drainage Basin
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Figure 5-3
Sub-Regional Detention Alternative

Falcon DBPS
El Paso County, CO
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°

Pond Q2 In
(cfs)

Q2 Out
(cfs)

Q100 In
(cfs)

Q100 Out
(cfs)

Required 
Volume (AF)2

Paint Brush Hills Pond #4 PBH 4 38 29 200 150 1.34
Paint Brush Hills Pond A PBH A 35 7 170 140 2.62
Paint Brush Hills Pond B1 PBH B1 80 51 420 270 9.17
Paint Brush Hills Pond B2 PBH B2 51 10 270 180 12.09
Paint Brush Hills Pond C PBH C 56 3 300 140 6.77

Regional Pond MN R MN 65 32 850 820 7.53
Regional Pond R1 R R1 110 77 1,600 1,500 25.00
Regional Pond R2 R R2 140 140 2,100 2,100 7.90

Regional Pond WU South R WU 47 22 1,070 930 39.54
Sub Regional Pond SR1 SR 1 54 42 610 510 11.03
Sub Regional Pond SR2 SR 2 65 65 840 840 2.05
Sub Regional Pond SR3 SR 3 72 72 910 910 1.03
Sub Regional Pond SR4 SR 4 130 27 1,000 730 19.37
Sub Regional Pond SR6 SR 6 74 9 390 200 11.82
The Meadows Pond #1 M 1 11 0 75 2 3.25
The Meadows Pond #2 M 2 28 5 210 99 7.94

Woodmen Hills Pond #1 North WH 1N 65 61 390 260 7.13
Woodmen Hills Pond #1 South WH 1S 61 10 260 260 8.78

Woodmen Hills Pond #2 WH 2 37 10 270 250 9.18
Woodmen Hills Pond #3 WH 3 105 13 530 360 8.35
Woodmen Hills Pond #4 WH 4 110 15 790 260 40.45
Woodmen Hills Pond #5 WH 5 40 1 130 19 4.10
Woodmen Hills Pond H WH H 140 110 750 750 2.66

Notes
1:  Represents future hydrology w ith retrofit existing detention ponds and 5 new  subregional detention ponds
2:  Required volume to highest WSE

Sub Regional Detention Alternative1

Reach Alternative Total (ft)
Protect In Place 30,066
Natural Channel Design 32,359
Small Drop Structures w/ Toe Protection 76,812
Large Drop Structures w/ Toe Protection 0

dsdrice
Arrow

dsdrice
Callout
Bent Grass flow diversion
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Subdivision: Meridian Road Improvements Project Name: Meridian Road Improvements
Location: CO, Colorado Springs Project No.:

Calculated By: BHB
Checked By: SMB

Date: 3/23/20

1 2 3 4 5 6 7 8 9 10 11 12

OFFSITE BASINS
OS-5 14.13 100 0.17 1.20 2 13.74 1.90 90 0.22 1.4 4.5
OS-6 5.81 100 0.00 0.00 2 5.81 5.81 90 0.00 0.0 5.8
H3 11.30 100 0.00 0.00 2 5.81 1.00 90 0.00 0.0 1.0
C1 2.22 100 2.22 100.00 2 0.00 0.00 90 0.00 0.0 100.0

OS-2 4.42 100 0.00 0.00 2 4.42 2.00 90 0.00 0.0 2.0
OS-3 10.24 100 0.00 0.00 2 10.24 2.00 90 0.00 0.0 2.0

HISTORIC
H-1 2.03 100 0.96 47.3 2 1.07 1.1 90 0.00 0.0 48.4

PROPOSED
P-1 2.03 100 1.29 63.5 2 0.74 0.7 90 0.00 0.0 64.2

NOTES:
% Impervious values are taken directly from Table 6-6 in the Colorado Springs DCM Vol. 1. CH. 6 (Referencing UDFCD 2001)

CLH000015.20

COMPOSITE % IMPERVIOUS CALCULATIONS: PROPOSED

Basins Total
Weighted %

Imp.
Total Area (ac) Weighted %

Imp. Area (ac)Basin ID
Paved/Gravel Roads Lawns/Undeveloped Roofs

Weighted %
Imp.% Imp. % Imp. Area (ac) Weighted %

Imp. % Imp.Area (ac)

Page 1 of 1   9/4/2020CLH15.20_FDR Drainage Calcs.xls



Subdivision: Meridian Road Improvements Project Name: Meridian Road Improvements
Location: CO, Colorado Springs Project No.: CLH000015.20

Calculated By: BHB
Checked By: SMB

Date: 3/23/20

1 2 3 4 5 6 7 8 9 10 11 12 13

OFFSITE BASINS
OS-5 14.13 0.90 0.96 0.17 0.09 0.36 13.71 0.73 0.81 0.22 0.11 0.37
OS-6 5.81 0.90 0.96 0.00 0.09 0.36 5.81 0.73 0.81 0.00 0.09 0.36
H3 11.30 0.90 0.96 0.00 0.09 0.36 11.30 0.73 0.81 0.00 0.09 0.36
C1 2.22 0.90 0.96 2.22 0.09 0.36 0.00 0.73 0.81 0.00 0.90 0.96

OS-2 4.42 0.90 0.96 0.00 0.09 0.36 4.42 0.73 0.81 0.00 0.09 0.36
OS-3 10.24 0.90 0.96 0.00 0.09 0.36 10.24 0.73 0.81 0.00 0.09 0.36

HISTORIC
H-1 2.03 0.90 0.96 0.96 0.09 0.36 1.07 0.73 0.81 0.00 0.47 0.64

PROPOSED
P-1 2.03 0.90 0.96 1.29 0.09 0.36 0.74 0.73 0.81 0.00 0.60 0.74

NOTES:
C values are taken directly from Table 6-6 in the Colorado Springs DCM Vol. 1. CH. 6 (Referencing UDFCD 2001)
Coeffficients use HSG A&B soils - Refer to "Appendix A: Exhibits and Figures" for soil map

COMPOSITE RUNOFF COEFFICIENT CALCULATIONS: PROPOSED

Roofs

C5

Composite
C5

Composite
C100

Total Area (ac) C100 Area (ac)C5
Basin ID

Paved/Gravel Roads Lawns/Undeveloped

C5 C100C100 Area (ac) Area (ac)



Subdivision: Meridian Road Improvements Project Name: Meridian Road Improvements
Location: CO, Colorado Springs Project No.: CLH000015.20

Calculated By: BHB
Checked By: SMB

Date: 3/23/20
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

FINAL
BASIN D.A. Hydrologic Impervious C5 C100 L S Ti L S Cv VEL. Tt COMP. Tc TOTAL Urbanized Tc Tc

ID (AC) Soils Group (%) (FT) (%) (MIN) (FT) (%) (FPS) (MIN) (MIN) LENGTH(FT) (MIN) (MIN)
OFFSITE BASINS

OS-5 14.13 A 4.5 0.11 0.37 300 2.5 23.1 1400 3.0 15 2.6 8.98 32.1 1700.0 19.4 19.4
OS-6 5.81 A 5.8 0.09 0.36 300 2.0 25.4 400 2.0 15 2.1 3.14 28.6 700.0 13.9 13.9
H3 11.30 A 1.0 0.09 0.36 100 6.0 10.2 1460 2.0 15 2.1 11.47 21.7 1560.0 18.7 18.7
C1 2.22 A 100.0 0.90 0.96 100 6.0 2.0 1230 1.7 15 2.0 10.48 12.5 1330.0 17.4 12.5

OS-2 4.42 A 2.0 0.09 0.36 100 1.0 18.5 650 1.0 10 1.0 10.83 29.3 750.0 14.2 14.2
OS-3 10.24 A 2.0 0.09 0.36 100 1.0 18.5 600 1.0 10 1.0 10.00 28.5 700.0 13.9 13.9

HISTORIC BASINS
H-1 2.03 A 48.4 0.47 0.64 100 6.0 6.4 1230 1.7 15 2.0 10.48 16.8 1330.0 17.4 16.8

PROPOSED BASINS
P-1 2.03 A 64.2 0.60 0.74 100 6.0 5.0 1230 1.7 15 2.0 10.48 15.5 1330.0 17.4 15.5

NOTES:
Ti = (0.395*(1.1 - C5)*(L)^0.5)/((S)^0.33),  S in ft/ft
Tt=L/60V (Velocity From Fig. 501)
Velocity V=Cv*S^0.5,  S in ft/ft
Tc Check = 10+L/180
For Urbanized basins a minimum Tc of 5.0 minutes is required.
For non-urbanized basins a minimum Tc of 10.0 minutes is required

STANDARD FORM SF-2: PROPOSED
TIME OF CONCENTRATION

SUB-BASIN Tc CHECK
(URBANIZED BASINS)DATA

INITIAL/OVERLAND
(Ti)

TRAVEL TIME
(Tt)

CLH15.20_FDR Drainage Calcs.xls Page 1 of 1     9/4/2020



Project Name: Meridian Road Improvements
Subdivision: Meridian Road Improvements Project No.: CLH000015.20

Location: CO, Colorado Springs Calculated By: BHB
Design Storm: Checked By: SMB

Date:

TRAVEL TIME
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HISTORIC
Value from DBPS (Meadows Pond #2) 30 160.0

OS-5 14.13 0.37 19.4 5.23 5.26 27.5

11 187.5 Combines Meadows Filing 3 with Basin OS-5

OS-6 5.81 0.36 13.9 2.09 6.10 12.7

12 200.3 Combines DP 11 with Basin OS-6

H3 11.30 0.36 18.7 4.07 5.36 21.8

OS-2 4.42 0.36 14.2 1.59 6.05 9.6

OS-3 10.24 0.36 13.9 3.69 6.10 22.5

14 254.2

C1 2.22 0.96 12.5 2.13 6.37 13.6
Street flow on North half of Bent Grass Meadows Drive

15 13.6

H1A 850.0 850.0 Flow from Falcon DBPS

20 1117.8

H-1 2.03 0.64 16.8 1.30 5.62 7.3
Combines flow from DP 20 with Basin H-1

25 1125.1
PROPOSED

Value from DBPS (Meadows Pond #2) 30 160.0

OS-5 14.13 0.37 19.4 5.23 5.26 27.5

11 27.5 Flow from OS-5

OS-6 5.81 0.36 13.9 2.09 6.10 12.7

12 40.3 Combines DP 11 with Basin OS-6

12-P 4.2 Release rate from School Site Sed Pond

H3 11.30 0.36 18.7 4.07 5.36 21.8

OS-2 4.42 0.36 14.2 1.59 6.05 9.6

OS-3 10.24 0.36 13.9 3.69 6.10 22.5

14 218.1
1110

C1 2.22 0.96 12.5 2.13 6.37 13.6
Street flow on North half of Bent Grass Meadows Drive

15 13.6

H1A 850.0 850.0 Flow from Falcon DBPS

20 1081.7

P-1 2.03 0.74 15.5 1.50 5.82 8.7
Combines flow from DP 20 with Basin P-1

25 1090.4

245

Combines Offsite flow fomr Meadows Fil 3, and Basins OS-5, OS-6, H3, OS-2 and
OS-3

Combines DBPS Flow with DP 14 and DP 15

Combines DBPS Flow with DP 14 and DP 15

STANDARD FORM SF-3: PROPOSED
STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

PIPE

100-Year

DIRECT RUNOFF TOTAL RUNOFF STREET

3/23/20

CLH15.20_FDR Drainage Calcs.xls Page 1 of 1   9/4/2020
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Project Name: Meridian Road Improvements
Subdivision: Meridian Road Improvements Project No.: CLH000015.20

Location: CO, Colorado Springs Calculated By: BHB
Design Storm: Checked By: SMB

Date:
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HISTORIC
Value from DBPS (Meadows Pond #2) 30 11.0

OS-5 14.13 0.11 19.4 1.55 3.13 4.9

11 15.9 Combines Meadows Filing 3 with Basin OS-5

OS-6 5.81 0.09 13.9 0.52 3.64 1.9

12 17.7 Combines DP 11 with Basin OS-6

H3 11.30 0.09 18.7 1.02 3.19 3.3

OS-2 4.42 0.09 14.2 0.40 3.61 1.4

OS-3 10.24 0.09 13.9 0.92 3.64 3.3

14 25.8

C1 2.22 0.90 12.5 2.00 3.79 7.6
Street flow on North half of Bent Grass Meadows Drive

15 7.6

H1A 280.0 280.0 Flow from Falcon DBPS

20 313.4

H-1 2.03 0.47 16.8 0.95 3.35 3.2
Combines flow from DP 20 with Basin H-1

25 316.6
PROPOSED

Value from DBPS (Meadows Pond #2) 30 11.0

OS-5 14.13 0.11 19.4 1.55 3.13 4.9

11 4.9 Flow from OS-5

OS-6 5.81 0.09 13.9 0.52 3.64 1.9

12 6.7 Combines DP 11 with Basin OS-6

12-P 0.0 Release rate from School Site Sed Pond

H3 11.30 0.09 18.7 1.02 3.19 3.3

OS-2 4.42 0.09 14.2 0.40 3.61 1.4

OS-3 10.24 0.09 13.9 0.92 3.64 3.3

14 19.0

C1 2.22 0.90 12.5 2.00 3.79 7.6
Street flow on North half of Bent Grass Meadows Drive

15 7.6

H1A 280.0 280.0 Flow from Falcon DBPS

20 306.6

P-1 2.03 0.60 15.5 1.22 3.47 4.2
Combines flow from DP 20 with Basin P-1

25 310.9

STANDARD FORM SF-3: PROPOSED
STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

5-Year
3/23/20

Combines Offsite flow fomr Meadows Fil 3, School Pond Release Flow, and
Basins H3, OS-2 and OS-3 along Bent Grass Meadow Drive

Combines DBPS Flow with DP 14 and DP 15

Combines DBPS Flow with DP 14 and DP 15

Combines Offsite flow fomr Meadows Fil 3, and Basins OS-5, OS-6, H3, OS-2 and
OS-3

DIRECT RUNOFF TOTAL RUNOFF STREET PIPE

CLH15.20_FDR Drainage Calcs.xls Page 1 of 1   9/4/2020



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

WT020 0.0671 41.9 01Jan2011, 06:21 4.8
JWT020 0.0671 41.9 01Jan2011, 06:21 4.8
RWT030 0.0671 41.9 01Jan2011, 06:29 4.8
WT030 0.0765 75.3 01Jan2011, 06:07 5.5
JWT030 0.1436 85.4 01Jan2011, 06:09 10.3
RWT042 0.1436 85.3 01Jan2011, 06:15 10.3
WT010 0.1353 88.9 01Jan2011, 06:17 9.3
JWT010 0.1353 88.9 01Jan2011, 06:17 9.3
RWT044 0.1353 88.8 01Jan2011, 06:24 9.3
JWT042 0.2789 167.0 01Jan2011, 06:21 19.6
RWT046 0.2789 166.7 01Jan2011, 06:28 19.6
WT040 0.1851 92.7 01Jan2011, 06:28 12.8
JWT044 0.4640 259.4 01Jan2011, 06:28 32.4
RWT054 0.4640 258.8 01Jan2011, 06:35 32.3
WT060 0.1956 116.8 01Jan2011, 06:26 15.1
WT050 0.1899 139.4 01Jan2011, 06:19 15.3
JWT050 0.8496 475.4 01Jan2011, 06:31 62.7
RWT092 0.8496 475.2 01Jan2011, 06:32 62.7
WT070 0.1711 133.9 01Jan2011, 06:12 11.8
JWT070 0.1711 133.9 01Jan2011, 06:12 11.8
RWT080 0.1711 133.4 01Jan2011, 06:22 11.8
WT080 0.0692 67.3 01Jan2011, 06:10 5.6
Sub Regional Pond SR1 1.0898 513.2 01Jan2011, 06:40 78.4
JWT080 1.0898 513.2 01Jan2011, 06:40 78.4
RWT094 1.0898 512.4 01Jan2011, 06:45 78.3
WT100-REV 0.1293 203.0 01Jan2011, 06:04 12.9
W26-REV 0.0720 103.6 01Jan2011, 06:03 6.4
WS3-1 0.0720 102.8 01Jan2011, 06:10 6.4
Paint Brush Hills Pond C 0.2013 64.4 01Jan2011, 06:26 19.2
WT090 0.1533 162.4 01Jan2011, 06:09 12.8
JWT090 1.4444 595.9 01Jan2011, 06:44 110.2
RWT122 1.4444 595.5 01Jan2011, 06:45 110.2
WT110 0.1943 169.9 01Jan2011, 06:14 16.2
JWT110 1.6387 651.0 01Jan2011, 06:43 126.4
RWT124 1.6387 650.8 01Jan2011, 06:47 126.3
WT130-REV 0.1016 130.0 01Jan2011, 06:11 10.9
Paint Brush Hills Pond A 0.1016 53.8 01Jan2011, 06:32 10.9
WT120-REV 0.0430 51.1 01Jan2011, 06:08 3.8
JWT120 1.7834 703.6 01Jan2011, 06:46 140.9
RWT172 1.7834 702.5 01Jan2011, 06:58 140.5
WT140-REV 0.1445 194.2 01Jan2011, 06:12 16.8
JWT140 0.1445 194.2 01Jan2011, 06:12 16.8

HEC-HMS 100-YEAR SUMMARY TABLE



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

HEC-HMS 100-YEAR SUMMARY TABLE

RWT150 0.1445 193.3 01Jan2011, 06:22 16.8
WT150-REV 0.1308 202.5 01Jan2011, 06:08 15
Paint Brush Hills Pond B1 0.2753 235.6 01Jan2011, 06:29 31.8
W34B2-REV 0.0936 141.8 01Jan2011, 06:07 10.2
Paint Brush Hills Pond B2 0.3689 234.3 01Jan2011, 06:43 38.9
JWT150 0.3689 234.3 01Jan2011, 06:43 38.9
RWT160 0.3689 234.2 01Jan2011, 06:49 38.8
WT160-REV 0.0735 109.9 01Jan2011, 06:06 7.5
JWT160 0.4424 244.8 01Jan2011, 06:48 46.3
RWT174 0.4424 244.7 01Jan2011, 06:56 46.2
WT170-REV 0.1060 85.2 01Jan2011, 06:19 9.2
W34-CY-REV 0.0465 38.1 01Jan2011, 06:16 3.8
JWT172 2.3783 981.9 01Jan2011, 06:56 199.7
RWT176 2.3783 981.6 01Jan2011, 06:57 199.7
Sub Regional Pond SR2 2.3783 972.9 01Jan2011, 07:01 194.8
JWT174 2.3783 972.9 01Jan2011, 07:01 194.8
RWT180 2.3783 972.1 01Jan2011, 07:10 194.2
WT180-REV 0.0409 29.3 01Jan2011, 06:19 3.2
JWT180 2.4193 978.0 01Jan2011, 07:10 197.4
RWT202 2.4193 977.3 01Jan2011, 07:21 196.8
WT200 0.3017 186.8 01Jan2011, 06:30 26
WT190 0.0575 74.7 01Jan2011, 06:05 5
The Meadows Pond #1 0.0575 2.1 01Jan2011, 08:29 2.8
JWT190 0.0575 2.1 01Jan2011, 08:29 2.8
RWT204 0.0575 2.1 01Jan2011, 08:55 2.7
JWT200 2.7784 1041.0 01Jan2011, 07:19 225.5
RWT210 2.7784 1040.5 01Jan2011, 07:24 225.1
WT210 0.2655 187.9 01Jan2011, 06:35 28
JWT210 3.0439 1113.0 01Jan2011, 07:23 253.1
RWT232 3.0439 1112.6 01Jan2011, 07:27 252.7
WT220 0.1895 250.4 01Jan2011, 06:12 21.3
JWT220 0.1895 250.4 01Jan2011, 06:12 21.3
RWT234 0.1895 249.6 01Jan2011, 06:20 21.3
JWT232 3.2334 1138.4 01Jan2011, 07:26 274
RWT236 3.2334 1138.3 01Jan2011, 07:26 274
WT230 0.1982 346.7 01Jan2011, 06:05 23.1
JWT234 3.4316 1155.6 01Jan2011, 07:26 297
RWT240 3.4316 1155.0 01Jan2011, 07:29 296.8
WT240 0.0761 160.3 01Jan2011, 06:01 9.1
Regional Pond WU North 3.5078 1160.9 01Jan2011, 07:30 304.7
Regional Pond WU Diversion 3.5078 1122.2 01Jan2011, 07:30 261.4
Old Meridian 0.0336 85.0 01Jan2011, 06:07 6.1
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HEC-HMS 100-YEAR SUMMARY TABLE

RWT-OM 0.0336 84.2 01Jan2011, 06:12 6.1
Regional Pond WU South 3.5413 997.3 01Jan2011, 07:47 255.2
RWT240_Diversion Reach 0.0000 38.8 01Jan2011, 07:35 43.1
JWT240 3.5413 1036.0 01Jan2011, 07:47 298.4
RWT250 3.5413 1035.7 01Jan2011, 07:48 298.3
WT250 0.1470 291.4 01Jan2011, 06:02 17.1
JWT250 3.6883 1048.0 01Jan2011, 07:48 315.4
RWT260 3.6883 1047.5 01Jan2011, 07:58 314.3
WT260 0.1388 77.5 01Jan2011, 06:34 11.5
JWT260 3.8271 1061.8 01Jan2011, 07:58 325.9
RWT291 3.8271 1061.7 01Jan2011, 08:00 325.6
WT270 0.0325 57.1 01Jan2011, 06:04 3.6
JWT270 0.0325 57.1 01Jan2011, 06:04 3.6
RWT292 0.0325 56.9 01Jan2011, 06:08 3.5
JWT292 3.8596 1064.3 01Jan2011, 08:00 329.2
RWT295 3.8596 1064.2 01Jan2011, 08:01 329
WT280 0.2670 251.8 01Jan2011, 06:12 22.3
JWT280 0.2670 251.8 01Jan2011, 06:12 22.3
RWT294 0.2670 251.2 01Jan2011, 06:15 22.2
JWT294 4.1265 1082.0 01Jan2011, 08:01 351.3
RWT296 4.1265 1081.4 01Jan2011, 08:07 350.6
MT040 0.3084 455.2 01Jan2011, 06:11 38.1
MT030 0.1566 228.6 01Jan2011, 06:05 15.1
MT020 0.0902 143.1 01Jan2011, 06:04 9
JMT020 0.0902 143.1 01Jan2011, 06:04 9
RMT030 0.0902 141.8 01Jan2011, 06:17 8.9
JMT030 0.2468 294.4 01Jan2011, 06:07 24
RMT040 0.2468 293.0 01Jan2011, 06:11 24
Woodmen Hills Pond H 0.5553 751.7 01Jan2011, 06:11 61.7
JMT040 0.5553 751.7 01Jan2011, 06:11 61.7
RMT050 0.5553 745.8 01Jan2011, 06:14 61.7
MT050 0.1186 109.7 01Jan2011, 06:18 11.4
JMT050 0.6739 851.9 01Jan2011, 06:14 73.1
RMT064 0.6739 847.0 01Jan2011, 06:21 73
MT010 0.2899 206.3 01Jan2011, 06:24 25
The Meadows Pond #2 0.2899 99.3 01Jan2011, 06:53 23.4
JMT010 0.2899 99.3 01Jan2011, 06:53 23.4
RMT062 0.2899 99.2 01Jan2011, 07:11 23.3
MT060a 0.0300 46.8 01Jan2011, 06:03 2.8
School Site 0.0300 7.0 01Jan2011, 06:22 1.5
RMT060a 0.0300 7.0 01Jan2011, 06:31 1.5
MT060 0.1595 197.7 01Jan2011, 06:08 14.8

dsdrice
Highlight

dsdrice
Highlight
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HEC-HMS 100-YEAR SUMMARY TABLE

Sub Regional Pond SR4 1.1533 696.4 01Jan2011, 06:35 107.2
JMT060 1.1533 696.4 01Jan2011, 06:35 107.2
RMT070 1.1533 694.8 01Jan2011, 06:40 107
MT070 0.1995 170.2 01Jan2011, 06:22 19.6
JMT070 1.3527 816.0 01Jan2011, 06:38 126.6
RMT080 1.3527 815.1 01Jan2011, 06:40 126.5
MT080 0.0638 191.9 01Jan2011, 06:00 11
Regional Pond MN 1.4166 799.4 01Jan2011, 06:45 135
JMT080 1.4166 799.4 01Jan2011, 06:45 135
RMT102 1.4166 797.8 01Jan2011, 06:51 134.7
MT090 0.0435 127.4 01Jan2011, 06:00 7.1
Woodmen Hills Pond #5 0.0435 18.6 01Jan2011, 06:07 5.9
JMT090 0.0435 18.6 01Jan2011, 06:07 5.9
RMT090 0.0435 18.6 01Jan2011, 06:08 5.9
JMT104 0.0435 18.6 01Jan2011, 06:08 5.9
RMT104 0.0435 18.6 01Jan2011, 06:12 5.9
JMT102 1.4601 813.3 01Jan2011, 06:51 140.6
RMT106 1.4601 808.9 01Jan2011, 06:53 140.5
MT100 0.0558 88.2 01Jan2011, 06:05 5.9
JMT106 1.5158 816.1 01Jan2011, 06:53 146.4
RMT112 1.5158 813.2 01Jan2011, 07:04 145.8
MT110 0.1164 117.4 01Jan2011, 06:16 11.5
JMT110 1.6322 835.5 01Jan2011, 07:04 157.3
RMT114 1.6322 834.5 01Jan2011, 07:09 157
WT290 0.1038 110.3 01Jan2011, 06:09 8.7
Regional Pond R1 5.8625 1428.4 01Jan2011, 08:03 508.7
JWT296 5.8625 1428.4 01Jan2011, 08:03 508.7
RWT314 5.8625 1428.1 01Jan2011, 08:08 507.8
WT300 0.0970 91.6 01Jan2011, 06:12 8.1
JWT300 0.0970 91.6 01Jan2011, 06:12 8.1
RWT312 0.0970 91.1 01Jan2011, 06:29 8.1
WT310 0.2774 246.7 01Jan2011, 06:13 22.3
JWT310 6.2370 1452.3 01Jan2011, 08:08 538.2
RWT320 6.2370 1451.6 01Jan2011, 08:14 537.2
WT320 0.2061 200.6 01Jan2011, 06:11 17.2
JWT320 6.4431 1463.9 01Jan2011, 08:14 554.3
RWT352 6.4431 1463.1 01Jan2011, 08:23 553.1
ET020 0.2132 360.5 01Jan2011, 06:06 24.8
ET010 0.1451 198.3 01Jan2011, 06:11 16.4
Paint Brush Hills Pond #4 0.1451 150.9 01Jan2011, 06:20 16.3
JET010 0.1451 150.9 01Jan2011, 06:20 16.3
RET020 0.1451 150.0 01Jan2011, 06:37 16.3
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Sub Regional Pond SR6 0.3583 195.4 01Jan2011, 06:41 37.9
JET020 0.3583 195.4 01Jan2011, 06:41 37.9
RET030 0.3583 194.9 01Jan2011, 07:02 37.5
ET030 0.2043 242.0 01Jan2011, 06:15 23
JET030 0.5626 266.0 01Jan2011, 06:43 60.5
RET040 0.5626 265.2 01Jan2011, 06:50 60.3
Woodmen Hills Pond #1 North 0.7117 263.5 01Jan2011, 07:09 75.5
ET040 0.1491 165.7 01Jan2011, 06:14 15.3
Woodmen Hills Pond #1 South 0.7117 261.1 01Jan2011, 07:18 69.5
JET040 0.7117 261.1 01Jan2011, 07:18 69.5
RET050 0.7117 261.1 01Jan2011, 07:23 69.4
ET050 0.1172 197.1 01Jan2011, 06:03 11.6
Woodmen Hills Pond #2 0.8289 250.3 01Jan2011, 07:46 79.3
JET050 0.8289 250.3 01Jan2011, 07:46 79.3
RET060 0.8289 250.3 01Jan2011, 07:53 79.1
ET060 0.2854 529.3 01Jan2011, 06:01 29.3
Woodmen Hills Pond #3 1.1143 360.9 01Jan2011, 06:06 105.9
JET060 1.1143 360.9 01Jan2011, 06:06 105.9
RET070 1.1143 356.7 01Jan2011, 06:16 105.6
ET070 0.2498 461.0 01Jan2011, 06:02 27.3
JET070 1.3641 636.4 01Jan2011, 06:04 132.9
RET080 1.3641 517.5 01Jan2011, 06:23 131.3
ET080 0.2916 517.9 01Jan2011, 06:07 37.1
Woodmen Hills Pond #4 1.6557 288.0 01Jan2011, 07:00 139.2
JET080 1.6557 288.0 01Jan2011, 07:00 139.2
RET090 1.6557 287.3 01Jan2011, 07:03 139
ET090 0.1242 133.0 01Jan2011, 06:22 14.9
JET090 1.7800 330.8 01Jan2011, 06:59 153.9
RET100 1.7800 330.7 01Jan2011, 07:01 153.8
ET100 0.0481 72.0 01Jan2011, 06:02 4
JET100 1.8280 335.4 01Jan2011, 07:01 157.8
RET110 1.8280 335.2 01Jan2011, 07:05 157.6
ET110 0.2260 198.8 01Jan2011, 06:12 17.5
JET110 2.0541 362.1 01Jan2011, 07:03 175.1
RET120 2.0541 361.3 01Jan2011, 07:09 174.7
ET120 0.1091 89.4 01Jan2011, 06:14 8.5
JET120 2.1632 403.2 01Jan2011, 06:17 183.2
RET152 2.1632 402.2 01Jan2011, 06:24 182.9
ET130 0.1348 85.4 01Jan2011, 06:27 11.2
JET130 0.1348 85.4 01Jan2011, 06:27 11.2
RET140 0.1348 84.7 01Jan2011, 06:54 11.1
ET140 0.2676 122.8 01Jan2011, 06:46 22.2
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JET140 0.4024 204.8 01Jan2011, 06:51 33.3
RET154 0.4024 204.4 01Jan2011, 07:05 33.2
JET152 2.5656 572.3 01Jan2011, 07:10 216.1
RET156 2.5656 572.0 01Jan2011, 07:14 215.8
ET150 0.1777 136.2 01Jan2011, 06:18 14.3
JET154 2.7433 595.8 01Jan2011, 07:12 230.1
RET162 2.7433 595.1 01Jan2011, 07:25 228.9
ET160 0.1889 137.2 01Jan2011, 06:23 16.3
JET160 2.9322 633.6 01Jan2011, 06:38 245.2
RET164 2.9322 629.0 01Jan2011, 06:47 244.7
WT350 0.3038 276.7 01Jan2011, 06:14 26.3
JWT352 9.6791 2076.7 01Jan2011, 07:39 824.1
RWT354 9.6791 2076.6 01Jan2011, 07:39 824.1
WT330 0.3267 249.3 01Jan2011, 06:19 27.2
JWT330 0.3267 249.3 01Jan2011, 06:19 27.2
RWT344 0.3267 248.4 01Jan2011, 06:25 27.2
WT340 0.2780 147.3 01Jan2011, 06:37 23.1
JWT354 10.2838 2154.8 01Jan2011, 07:38 874.3
RWT372 10.2838 2152.2 01Jan2011, 07:44 873.2
WT360 0.0657 54.8 01Jan2011, 06:15 5.3
JWT360 0.0657 54.8 01Jan2011, 06:15 5.3
RWT374 0.0657 54.6 01Jan2011, 06:24 5.3
Regional Pond R2 10.3495 2155.5 01Jan2011, 07:45 875.1
JWT372 10.3495 2155.5 01Jan2011, 07:45 875.1
RWT376 10.3495 2149.9 01Jan2011, 07:55 872.8
WT370 0.2148 123.3 01Jan2011, 06:12 11.5
JWT374_OUTLET 10.5642 2160.1 01Jan2011, 07:55 884.3
FS010 0.1220 74.9 01Jan2011, 06:16 7.7
JFS010_OUTLET 0.1220 74.9 01Jan2011, 06:16 7.7



Project: Aug15_Working_Falcon_DBPS_S
Simulation Run: FU 100-yr Reservoir: Sub Regional Pond SR4

Start of Run: 01Jan2011, 00:00 Basin Model: Falcon_DBPS_Future
End of Run: 02Jan2011, 00:00 Meteorologic Model: 100-yr
Compute Time: 28Jul2020, 17:58:02 Control Specifications: 24-hr Storm

Volume Units: AC-FT

Computed Results

Peak Inflow : 952.3 (CFS) Date/Time of Peak Inflow : 01Jan2011, 06:20
Peak Outflow : 696.4 (CFS) Date/Time of Peak Outflow : 01Jan2011, 06:35
Total Inflow : 112.5 (AC-FT) Peak Storage : 18.9 (AC-FT)
Total Outflow : 107.2 (AC-FT) Peak Elevation : 6897.9 (FT)



Project: Aug15_Working_Falcon_DBPS_S
Simulation Run: FU 100-yr Reservoir: Regional Pond MN

Start of Run: 01Jan2011, 00:00 Basin Model: Falcon_DBPS_Future
End of Run: 02Jan2011, 00:00 Meteorologic Model: 100-yr
Compute Time: 28Jul2020, 17:58:02 Control Specifications: 24-hr Storm

Volume Units: AC-FT

Computed Results

Peak Inflow : 825.8 (CFS) Date/Time of Peak Inflow : 01Jan2011, 06:39
Peak Outflow : 799.4 (CFS) Date/Time of Peak Outflow : 01Jan2011, 06:45
Total Inflow : 137.5 (AC-FT) Peak Storage : 7.4 (AC-FT)
Total Outflow : 135.0 (AC-FT) Peak Elevation : 6853.9 (FT)



Hydrologic Element
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(MI2)
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(CFS) Time of Peak
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(AC-FT)

WT020 0.0671 10.3 01Jan2011, 06:23 1.4
JWT020 0.0671 10.3 01Jan2011, 06:23 1.4
RWT030 0.0671 10.3 01Jan2011, 06:34 1.4
WT030 0.0765 19.5 01Jan2011, 06:08 1.6
JWT030 0.1436 20.0 01Jan2011, 06:09 3
RWT042 0.1436 19.9 01Jan2011, 06:18 3
WT010 0.1353 21.2 01Jan2011, 06:19 2.6
JWT010 0.1353 21.2 01Jan2011, 06:19 2.6
RWT044 0.1353 21.2 01Jan2011, 06:29 2.6
JWT042 0.2789 37.2 01Jan2011, 06:24 5.6
RWT046 0.2789 37.2 01Jan2011, 06:35 5.6
WT040 0.1851 21.9 01Jan2011, 06:31 3.6
JWT044 0.4640 58.9 01Jan2011, 06:34 9.2
RWT054 0.4640 58.7 01Jan2011, 06:43 9.2
WT060 0.1956 30.1 01Jan2011, 06:29 4.5
WT050 0.1899 37.3 01Jan2011, 06:21 4.7
JWT050 0.8496 108.6 01Jan2011, 06:38 18.4
RWT092 0.8496 108.5 01Jan2011, 06:39 18.4
WT070 0.1711 32.6 01Jan2011, 06:13 3.4
JWT070 0.1711 32.6 01Jan2011, 06:13 3.4
RWT080 0.1711 32.5 01Jan2011, 06:28 3.3
WT080 0.0692 18.5 01Jan2011, 06:12 1.7
Sub Regional Pond SR1 1.0898 113.8 01Jan2011, 06:50 21.9
JWT080 1.0898 113.8 01Jan2011, 06:50 21.9
RWT094 1.0898 113.7 01Jan2011, 06:58 21.8
WT100-REV 0.1293 67.7 01Jan2011, 06:05 4.5
W26-REV 0.0720 33.7 01Jan2011, 06:04 2.1
WS3-1 0.0720 33.4 01Jan2011, 06:13 2.1
Paint Brush Hills Pond C 0.2013 14.0 01Jan2011, 06:38 6.5
WT090 0.1533 46.0 01Jan2011, 06:10 4
JWT090 1.4444 133.8 01Jan2011, 06:57 32.3
RWT122 1.4444 133.7 01Jan2011, 07:01 32.3
WT110 0.1943 47.0 01Jan2011, 06:16 5.1
JWT110 1.6387 144.0 01Jan2011, 07:00 37.4
RWT124 1.6387 144.0 01Jan2011, 07:08 37.3
WT130-REV 0.1016 43.5 01Jan2011, 06:12 3.9
Paint Brush Hills Pond A 0.1016 9.3 01Jan2011, 06:49 3.9
WT120-REV 0.0430 14.8 01Jan2011, 06:09 1.2
JWT120 1.7834 154.4 01Jan2011, 07:08 42.4
RWT172 1.7834 154.2 01Jan2011, 07:18 42.2
WT140-REV 0.1445 65.2 01Jan2011, 06:14 6.1
JWT140 0.1445 65.2 01Jan2011, 06:14 6.1
RWT150 0.1445 64.9 01Jan2011, 06:24 6.1

HEC-HMS 5-YEAR SUMMARY TABLE
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WT150-REV 0.1308 71.3 01Jan2011, 06:08 5.5
Paint Brush Hills Pond B1 0.2753 110.4 01Jan2011, 06:15 11.6
W34B2-REV 0.0936 49.1 01Jan2011, 06:08 3.7
Paint Brush Hills Pond B2 0.3689 20.1 01Jan2011, 07:15 13.8
JWT150 0.3689 20.1 01Jan2011, 07:15 13.8
RWT160 0.3689 20.0 01Jan2011, 07:24 13.8
WT160-REV 0.0735 36.3 01Jan2011, 06:07 2.6
JWT160 0.4424 37.3 01Jan2011, 06:07 16.4
RWT174 0.4424 36.9 01Jan2011, 06:20 16.3
WT170-REV 0.1060 24.0 01Jan2011, 06:21 2.9
W34-CY-REV 0.0465 10.7 01Jan2011, 06:18 1.2
JWT172 2.3783 181.3 01Jan2011, 07:17 62.6
RWT176 2.3783 181.2 01Jan2011, 07:18 62.6
Sub Regional Pond SR2 2.3783 171.7 01Jan2011, 07:30 59.3
JWT174 2.3783 171.7 01Jan2011, 07:30 59.3
RWT180 2.3783 171.6 01Jan2011, 07:45 59
WT180-REV 0.0409 7.6 01Jan2011, 06:21 1
JWT180 2.4193 172.6 01Jan2011, 07:45 59.9
RWT202 2.4193 172.6 01Jan2011, 08:03 59.5
WT200 0.3017 52.2 01Jan2011, 06:33 8.3
WT190 0.0575 22.5 01Jan2011, 06:06 1.6
The Meadows Pond #1 0.0575 0.6 01Jan2011, 10:18 0.9
JWT190 0.0575 0.6 01Jan2011, 10:18 0.9
RWT204 0.0575 0.6 01Jan2011, 10:56 0.8
JWT200 2.7784 182.8 01Jan2011, 08:02 68.6
RWT210 2.7784 182.7 01Jan2011, 08:10 68.3
WT210 0.2655 59.7 01Jan2011, 06:38 9.8
JWT210 3.0439 194.3 01Jan2011, 08:09 78.2
RWT232 3.0439 194.3 01Jan2011, 08:16 77.9
WT220 0.1895 84.8 01Jan2011, 06:13 7.8
JWT220 0.1895 84.8 01Jan2011, 06:13 7.8
RWT234 0.1895 84.4 01Jan2011, 06:25 7.7
JWT232 3.2334 200.7 01Jan2011, 08:16 85.7
RWT236 3.2334 200.7 01Jan2011, 08:16 85.7
WT230 0.1982 124.0 01Jan2011, 06:06 8.5
JWT234 3.4316 205.6 01Jan2011, 08:15 94.2
RWT240 3.4316 205.4 01Jan2011, 08:21 94
WT240 0.0761 61.0 01Jan2011, 06:02 3.4
Regional Pond WU North 3.5078 206.4 01Jan2011, 08:23 96.3
Regional Pond WU Diversion 3.5078 169.3 01Jan2011, 08:23 64.8
Old Meridian 0.0336 38.2 01Jan2011, 06:09 2.8
RWT-OM 0.0336 37.8 01Jan2011, 06:14 2.8
Regional Pond WU South 3.5413 144.6 01Jan2011, 08:49 57.2
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RWT240_Diversion Reach 0.0000 37.1 01Jan2011, 08:29 31.4
JWT240 3.5413 180.6 01Jan2011, 08:47 88.6
RWT250 3.5413 180.6 01Jan2011, 08:48 88.5
WT250 0.1470 107.5 01Jan2011, 06:03 6.3
JWT250 3.6883 183.2 01Jan2011, 08:48 94.9
RWT260 3.6883 183.1 01Jan2011, 09:04 94.3
WT260 0.1388 21.0 01Jan2011, 06:36 3.6
JWT260 3.8271 185.4 01Jan2011, 09:03 97.9
RWT291 3.8271 185.3 01Jan2011, 09:07 97.8
WT270 0.0325 20.0 01Jan2011, 06:04 1.3
JWT270 0.0325 20.0 01Jan2011, 06:04 1.3
RWT292 0.0325 19.9 01Jan2011, 06:10 1.3
JWT292 3.8596 185.9 01Jan2011, 09:07 99
RWT295 3.8596 185.8 01Jan2011, 09:09 99
WT280 0.2670 70.1 01Jan2011, 06:14 6.9
JWT280 0.2670 70.1 01Jan2011, 06:14 6.9
RWT294 0.2670 70.0 01Jan2011, 06:17 6.9
JWT294 4.1265 189.2 01Jan2011, 09:09 105.9
RWT296 4.1265 189.1 01Jan2011, 09:17 105.5
MT040 0.3084 163.5 01Jan2011, 06:12 14.5
MT030 0.1566 73.4 01Jan2011, 06:06 5.1
MT020 0.0902 47.3 01Jan2011, 06:05 3.1
JMT020 0.0902 47.3 01Jan2011, 06:05 3.1
RMT030 0.0902 46.8 01Jan2011, 06:21 3.1
JMT030 0.2468 93.6 01Jan2011, 06:07 8.1
RMT040 0.2468 92.8 01Jan2011, 06:12 8.1
Woodmen Hills Pond H 0.5553 242.5 01Jan2011, 06:16 22.5
JMT040 0.5553 242.5 01Jan2011, 06:16 22.5
RMT050 0.5553 242.2 01Jan2011, 06:19 22.5
MT050 0.1186 33.2 01Jan2011, 06:20 3.8
JMT050 0.6739 275.4 01Jan2011, 06:19 26.3
RMT064 0.6739 273.1 01Jan2011, 06:29 26.2
MT010 0.2899 57.8 01Jan2011, 06:26 8
The Meadows Pond #2 0.2899 20.8 01Jan2011, 07:07 6.5
JMT010 0.2899 20.8 01Jan2011, 07:07 6.5
RMT062 0.2899 20.8 01Jan2011, 07:34 6.4
MT060a 0.0300 15.1 01Jan2011, 06:03 0.9
School Site 0.0300 0.0 01Jan2011, 00:00 0
RMT060a 0.0300 0.0 01Jan2011, 00:00 0
MT060 0.1595 60.4 01Jan2011, 06:09 4.9
Sub Regional Pond SR4 1.1533 132.7 01Jan2011, 06:52 35.1
JMT060 1.1533 132.7 01Jan2011, 06:52 35.1
RMT070 1.1533 132.3 01Jan2011, 06:58 35
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MT070 0.1995 51.6 01Jan2011, 06:24 6.6
JMT070 1.3527 153.8 01Jan2011, 06:57 41.6
RMT080 1.3527 153.6 01Jan2011, 06:59 41.6
MT080 0.0638 91.5 01Jan2011, 06:00 5
Regional Pond MN 1.4166 151.6 01Jan2011, 07:04 44.1
JMT080 1.4166 151.6 01Jan2011, 07:04 44.1
RMT102 1.4166 151.2 01Jan2011, 07:13 44
MT090 0.0435 59.3 01Jan2011, 06:00 3.2
Woodmen Hills Pond #5 0.0435 2.2 01Jan2011, 08:01 2.3
JMT090 0.0435 2.2 01Jan2011, 08:01 2.3
RMT090 0.0435 2.2 01Jan2011, 08:01 2.3
JMT104 0.0435 2.2 01Jan2011, 08:01 2.3
RMT104 0.0435 2.2 01Jan2011, 08:07 2.3
JMT102 1.4601 153.4 01Jan2011, 07:13 46.3
RMT106 1.4601 151.6 01Jan2011, 07:16 46.3
MT100 0.0558 29.8 01Jan2011, 06:06 2.1
JMT106 1.5158 153.6 01Jan2011, 07:15 48.3
RMT112 1.5158 153.0 01Jan2011, 07:37 47.8
MT110 0.1164 36.3 01Jan2011, 06:18 3.9
JMT110 1.6322 157.2 01Jan2011, 07:37 51.7
RMT114 1.6322 156.9 01Jan2011, 07:44 51.5
WT290 0.1038 31.2 01Jan2011, 06:10 2.7
Regional Pond R1 5.8625 257.7 01Jan2011, 09:18 152.7
JWT296 5.8625 257.7 01Jan2011, 09:18 152.7
RWT314 5.8625 257.6 01Jan2011, 09:25 152
WT300 0.0970 25.5 01Jan2011, 06:14 2.5
JWT300 0.0970 25.5 01Jan2011, 06:14 2.5
RWT312 0.0970 25.4 01Jan2011, 06:34 2.5
WT310 0.2774 67.1 01Jan2011, 06:14 6.9
JWT310 6.2370 262.2 01Jan2011, 09:25 161.4
RWT320 6.2370 262.0 01Jan2011, 09:33 160.7
WT320 0.2061 56.1 01Jan2011, 06:13 5.4
JWT320 6.4431 264.6 01Jan2011, 09:33 166.1
RWT352 6.4431 264.5 01Jan2011, 09:42 165.2
ET020 0.2132 128.1 01Jan2011, 06:07 9.2
ET010 0.1451 67.4 01Jan2011, 06:12 5.9
Paint Brush Hills Pond #4 0.1451 48.8 01Jan2011, 06:22 5.9
JET010 0.1451 48.8 01Jan2011, 06:22 5.9
RET020 0.1451 48.7 01Jan2011, 06:37 5.9
Sub Regional Pond SR6 0.3583 19.9 01Jan2011, 07:26 13.5
JET020 0.3583 19.9 01Jan2011, 07:26 13.5
RET030 0.3583 19.7 01Jan2011, 08:14 13.1
ET030 0.2043 81.2 01Jan2011, 06:17 8.4



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

HEC-HMS 5-YEAR SUMMARY TABLE

JET030 0.5626 81.2 01Jan2011, 06:17 21.5
RET040 0.5626 80.9 01Jan2011, 06:28 21.4
Woodmen Hills Pond #1 North 0.7117 103.5 01Jan2011, 06:35 26.6
ET040 0.1491 52.6 01Jan2011, 06:15 5.3
Woodmen Hills Pond #1 South 0.7117 32.8 01Jan2011, 07:14 21.7
JET040 0.7117 32.8 01Jan2011, 07:14 21.7
RET050 0.7117 32.8 01Jan2011, 07:22 21.6
ET050 0.1172 66.6 01Jan2011, 06:03 4
Woodmen Hills Pond #2 0.8289 29.6 01Jan2011, 08:07 23.9
JET050 0.8289 29.6 01Jan2011, 08:07 23.9
RET060 0.8289 29.6 01Jan2011, 08:19 23.7
ET060 0.2854 185.5 01Jan2011, 06:02 10.2
Woodmen Hills Pond #3 1.1143 82.1 01Jan2011, 06:08 31.5
JET060 1.1143 82.1 01Jan2011, 06:08 31.5
RET070 1.1143 81.0 01Jan2011, 06:18 31.2
ET070 0.2498 164.1 01Jan2011, 06:03 9.8
JET070 1.3641 164.5 01Jan2011, 06:03 41
RET080 1.3641 123.5 01Jan2011, 06:29 40.2
ET080 0.2916 192.2 01Jan2011, 06:08 14.3
Woodmen Hills Pond #4 1.6557 26.7 01Jan2011, 14:58 26.8
JET080 1.6557 26.7 01Jan2011, 14:58 26.8
RET090 1.6557 26.7 01Jan2011, 15:03 26.6
ET090 0.1242 46.0 01Jan2011, 06:23 5.6
JET090 1.7800 50.6 01Jan2011, 06:24 32.2
RET100 1.7800 50.6 01Jan2011, 06:28 32.1
ET100 0.0481 22.3 01Jan2011, 06:02 1.3
JET100 1.8280 53.2 01Jan2011, 06:28 33.3
RET110 1.8280 53.1 01Jan2011, 06:35 33.1
ET110 0.2260 52.7 01Jan2011, 06:13 5.3
JET110 2.0541 86.0 01Jan2011, 06:13 38.4
RET120 2.0541 85.1 01Jan2011, 06:19 38.1
ET120 0.1091 23.5 01Jan2011, 06:16 2.5
JET120 2.1632 107.9 01Jan2011, 06:19 40.7
RET152 2.1632 107.7 01Jan2011, 06:25 40.4
ET130 0.1348 23.2 01Jan2011, 06:30 3.5
JET130 0.1348 23.2 01Jan2011, 06:30 3.5
RET140 0.1348 23.1 01Jan2011, 07:00 3.5
ET140 0.2676 33.4 01Jan2011, 06:49 6.9
JET140 0.4024 55.3 01Jan2011, 06:56 10.4
RET154 0.4024 55.2 01Jan2011, 07:19 10.3
JET152 2.5656 108.6 01Jan2011, 06:26 50.8
RET156 2.5656 108.3 01Jan2011, 06:30 50.6
ET150 0.1777 36.6 01Jan2011, 06:20 4.4



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

HEC-HMS 5-YEAR SUMMARY TABLE

JET154 2.7433 138.8 01Jan2011, 06:29 55
RET162 2.7433 135.5 01Jan2011, 06:54 54.2
ET160 0.1889 38.5 01Jan2011, 06:25 5.2
JET160 2.9322 154.7 01Jan2011, 06:53 59.4
RET164 2.9322 154.3 01Jan2011, 06:58 59.2
WT350 0.3038 78.7 01Jan2011, 06:16 8.4
JWT352 9.6791 337.2 01Jan2011, 08:17 232.8
RWT354 9.6791 337.2 01Jan2011, 08:17 232.8
WT330 0.3267 68.2 01Jan2011, 06:21 8.5
JWT330 0.3267 68.2 01Jan2011, 06:21 8.5
RWT344 0.3267 67.9 01Jan2011, 06:30 8.5
WT340 0.2780 40.0 01Jan2011, 06:39 7.2
JWT354 10.2838 361.9 01Jan2011, 07:18 248.4
RWT372 10.2838 361.5 01Jan2011, 07:22 247.8
WT360 0.0657 14.8 01Jan2011, 06:17 1.6
JWT360 0.0657 14.8 01Jan2011, 06:17 1.6
RWT374 0.0657 14.7 01Jan2011, 06:32 1.6
Regional Pond R2 10.3495 363.1 01Jan2011, 07:24 246.2
JWT372 10.3495 363.1 01Jan2011, 07:24 246.2
RWT376 10.3495 361.7 01Jan2011, 07:34 245
WT370 0.2148 23.4 01Jan2011, 06:15 2.8
JWT374_OUTLET 10.5642 364.8 01Jan2011, 07:34 247.8
FS010 0.1220 16.6 01Jan2011, 06:18 2.1
JFS010_OUTLET 0.1220 16.6 01Jan2011, 06:18 2.1



Project: Aug15_Working_Falcon_DBPS_S
Simulation Run: FU 5-yr Reservoir: Sub Regional Pond SR4

Start of Run: 01Jan2011, 00:00 Basin Model: Falcon_DBPS_Future
End of Run: 02Jan2011, 00:00 Meteorologic Model: 5-yr
Compute Time: 28Jul2020, 17:53:20 Control Specifications: 24-hr Storm

Volume Units: AC-FT

Computed Results

Peak Inflow : 293.0 (CFS) Date/Time of Peak Inflow : 01Jan2011, 06:29
Peak Outflow : 132.7 (CFS) Date/Time of Peak Outflow : 01Jan2011, 06:52
Total Inflow : 37.5 (AC-FT) Peak Storage : 9.1 (AC-FT)
Total Outflow : 35.1 (AC-FT) Peak Elevation : 6896.8 (FT)



Project: Aug15_Working_Falcon_DBPS_S
Simulation Run: FU 5-yr Reservoir: Regional Pond MN

Start of Run: 01Jan2011, 00:00 Basin Model: Falcon_DBPS_Future
End of Run: 02Jan2011, 00:00 Meteorologic Model: 5-yr
Compute Time: 28Jul2020, 17:53:20 Control Specifications: 24-hr Storm

Volume Units: AC-FT

Computed Results

Peak Inflow : 158.7 (CFS) Date/Time of Peak Inflow : 01Jan2011, 06:59
Peak Outflow : 151.6 (CFS) Date/Time of Peak Outflow : 01Jan2011, 07:04
Total Inflow : 46.6 (AC-FT) Peak Storage : 3.4 (AC-FT)
Total Outflow : 44.1 (AC-FT) Peak Elevation : 6851.9 (FT)



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

WT020 0.0671 4.4 01Jan2011, 06:25 0.7
JWT020 0.0671 4.4 01Jan2011, 06:25 0.7
RWT030 0.0671 4.4 01Jan2011, 06:39 0.7
WT030 0.0765 8.6 01Jan2011, 06:09 0.8
JWT030 0.1436 8.7 01Jan2011, 06:09 1.5
RWT042 0.1436 8.7 01Jan2011, 06:20 1.5
WT010 0.1353 8.8 01Jan2011, 06:21 1.3
JWT010 0.1353 8.8 01Jan2011, 06:21 1.3
RWT044 0.1353 8.8 01Jan2011, 06:33 1.3
JWT042 0.2789 15.1 01Jan2011, 06:26 2.8
RWT046 0.2789 15.1 01Jan2011, 06:40 2.8
WT040 0.1851 9.1 01Jan2011, 06:34 1.8
JWT044 0.4640 23.9 01Jan2011, 06:39 4.5
RWT054 0.4640 23.8 01Jan2011, 06:50 4.5
WT060 0.1956 13.6 01Jan2011, 06:30 2.3
WT050 0.1899 17.3 01Jan2011, 06:23 2.4
JWT050 0.8496 42.8 01Jan2011, 06:47 9.3
RWT092 0.8496 42.7 01Jan2011, 06:49 9.3
WT070 0.1711 13.6 01Jan2011, 06:15 1.6
JWT070 0.1711 13.6 01Jan2011, 06:15 1.6
RWT080 0.1711 13.6 01Jan2011, 06:34 1.6
WT080 0.0692 8.7 01Jan2011, 06:13 0.9
Sub Regional Pond SR1 1.0898 41.9 01Jan2011, 07:03 10.4
JWT080 1.0898 41.9 01Jan2011, 07:03 10.4
RWT094 1.0898 41.9 01Jan2011, 07:14 10.3
WT100-REV 0.1293 37.0 01Jan2011, 06:05 2.5
W26-REV 0.0720 18.4 01Jan2011, 06:04 1.2
WS3-1 0.0720 18.1 01Jan2011, 06:15 1.2
Paint Brush Hills Pond C 0.2013 10.4 01Jan2011, 06:34 3.7
WT090 0.1533 22.1 01Jan2011, 06:11 2.1
JWT090 1.4444 54.5 01Jan2011, 07:12 16.1
RWT122 1.4444 54.5 01Jan2011, 07:17 16.1
WT110 0.1943 22.3 01Jan2011, 06:17 2.7
JWT110 1.6387 58.6 01Jan2011, 07:16 18.7
RWT124 1.6387 58.6 01Jan2011, 07:26 18.7
WT130-REV 0.1016 24.0 01Jan2011, 06:13 2.3
Paint Brush Hills Pond A 0.1016 4.8 01Jan2011, 06:53 2.3
WT120-REV 0.0430 7.2 01Jan2011, 06:09 0.6
JWT120 1.7834 63.9 01Jan2011, 07:26 21.6
RWT172 1.7834 63.8 01Jan2011, 07:38 21.5
WT140-REV 0.1445 35.7 01Jan2011, 06:14 3.6
JWT140 0.1445 35.7 01Jan2011, 06:14 3.6

HEC-HMS 2-YEAR SUMMARY TABLE



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

HEC-HMS 2-YEAR SUMMARY TABLE

RWT150 0.1445 35.5 01Jan2011, 06:25 3.6
WT150-REV 0.1308 40.8 01Jan2011, 06:09 3.3
Paint Brush Hills Pond B1 0.2753 58.7 01Jan2011, 06:19 6.8
W34B2-REV 0.0936 27.9 01Jan2011, 06:08 2.2
Paint Brush Hills Pond B2 0.3689 9.8 01Jan2011, 07:30 8
JWT150 0.3689 9.8 01Jan2011, 07:30 8
RWT160 0.3689 9.8 01Jan2011, 07:40 8
WT160-REV 0.0735 19.7 01Jan2011, 06:07 1.5
JWT160 0.4424 20.1 01Jan2011, 06:07 9.5
RWT174 0.4424 19.8 01Jan2011, 06:23 9.4
WT170-REV 0.1060 11.6 01Jan2011, 06:22 1.6
W34-CY-REV 0.0465 5.2 01Jan2011, 06:19 0.6
JWT172 2.3783 81.2 01Jan2011, 06:39 33.1
RWT176 2.3783 81.1 01Jan2011, 06:40 33.1
Sub Regional Pond SR2 2.3783 66.8 01Jan2011, 08:06 30
JWT174 2.3783 66.8 01Jan2011, 08:06 30
RWT180 2.3783 66.8 01Jan2011, 08:25 29.7
WT180-REV 0.0409 3.4 01Jan2011, 06:22 0.5
JWT180 2.4193 67.2 01Jan2011, 08:25 30.2
RWT202 2.4193 67.1 01Jan2011, 08:51 29.9
WT200 0.3017 25.3 01Jan2011, 06:34 4.4
WT190 0.0575 11.3 01Jan2011, 06:07 0.9
The Meadows Pond #1 0.0575 0.3 01Jan2011, 13:19 0.4
JWT190 0.0575 0.3 01Jan2011, 13:19 0.4
RWT204 0.0575 0.3 01Jan2011, 14:16 0.4
JWT200 2.7784 70.6 01Jan2011, 08:50 34.8
RWT210 2.7784 70.6 01Jan2011, 09:00 34.6
WT210 0.2655 31.9 01Jan2011, 06:39 5.6
JWT210 3.0439 74.5 01Jan2011, 08:59 40.2
RWT232 3.0439 74.5 01Jan2011, 09:08 40
WT220 0.1895 47.1 01Jan2011, 06:14 4.5
JWT220 0.1895 47.1 01Jan2011, 06:14 4.5
RWT234 0.1895 46.9 01Jan2011, 06:26 4.5
JWT232 3.2334 76.6 01Jan2011, 09:08 44.5
RWT236 3.2334 76.6 01Jan2011, 09:09 44.5
WT230 0.1982 71.3 01Jan2011, 06:06 5
JWT234 3.4316 84.5 01Jan2011, 06:43 49.5
RWT240 3.4316 84.0 01Jan2011, 06:48 49.4
WT240 0.0761 36.4 01Jan2011, 06:02 2.1
Regional Pond WU North 3.5078 89.8 01Jan2011, 06:10 50.3
Regional Pond WU Diversion 3.5078 62.4 01Jan2011, 06:10 27.5
Old Meridian 0.0336 24.6 01Jan2011, 06:09 1.9



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

HEC-HMS 2-YEAR SUMMARY TABLE

RWT-OM 0.0336 24.3 01Jan2011, 06:16 1.8
Regional Pond WU South 3.5413 31.1 01Jan2011, 10:35 19.2
RWT240_Diversion Reach 0.0000 27.1 01Jan2011, 06:16 22.8
JWT240 3.5413 51.8 01Jan2011, 10:19 42
RWT250 3.5413 51.8 01Jan2011, 10:20 42
WT250 0.1470 63.0 01Jan2011, 06:03 3.7
JWT250 3.6883 63.4 01Jan2011, 06:03 45.7
RWT260 3.6883 61.1 01Jan2011, 06:24 45.4
WT260 0.1388 9.9 01Jan2011, 06:38 1.9
JWT260 3.8271 69.2 01Jan2011, 06:24 47.3
RWT291 3.8271 68.9 01Jan2011, 06:29 47.1
WT270 0.0325 11.3 01Jan2011, 06:05 0.7
JWT270 0.0325 11.3 01Jan2011, 06:05 0.7
RWT292 0.0325 11.2 01Jan2011, 06:11 0.7
JWT292 3.8596 71.9 01Jan2011, 06:29 47.9
RWT295 3.8596 71.5 01Jan2011, 06:31 47.8
WT280 0.2670 33.4 01Jan2011, 06:15 3.7
JWT280 0.2670 33.4 01Jan2011, 06:15 3.7
RWT294 0.2670 33.4 01Jan2011, 06:18 3.7
JWT294 4.1265 94.0 01Jan2011, 06:30 51.5
RWT296 4.1265 91.9 01Jan2011, 06:40 51.2
MT040 0.3084 94.6 01Jan2011, 06:13 8.8
MT030 0.1566 39.0 01Jan2011, 06:06 2.8
MT020 0.0902 25.8 01Jan2011, 06:05 1.7
JMT020 0.0902 25.8 01Jan2011, 06:05 1.7
RMT030 0.0902 25.4 01Jan2011, 06:20 1.7
JMT030 0.2468 50.1 01Jan2011, 06:10 4.5
RMT040 0.2468 49.3 01Jan2011, 06:16 4.5
Woodmen Hills Pond H 0.5553 107.8 01Jan2011, 06:25 13.2
JMT040 0.5553 107.8 01Jan2011, 06:25 13.2
RMT050 0.5553 107.4 01Jan2011, 06:28 13.2
MT050 0.1186 17.0 01Jan2011, 06:21 2.1
JMT050 0.6739 123.1 01Jan2011, 06:27 15.3
RMT064 0.6739 121.2 01Jan2011, 06:40 15.2
MT010 0.2899 27.9 01Jan2011, 06:27 4.3
The Meadows Pond #2 0.2899 5.4 01Jan2011, 07:46 3.1
JMT010 0.2899 5.4 01Jan2011, 07:46 3.1
RMT062 0.2899 5.4 01Jan2011, 08:25 3
MT060a 0.0300 8.0 01Jan2011, 06:04 0.5
School Site 0.0300 0.0 01Jan2011, 00:00 0
RMT060a 0.0300 0.0 01Jan2011, 00:00 0
MT060 0.1595 30.9 01Jan2011, 06:10 2.7



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

HEC-HMS 2-YEAR SUMMARY TABLE

Sub Regional Pond SR4 1.1533 24.3 01Jan2011, 08:22 19.2
JMT060 1.1533 24.3 01Jan2011, 08:22 19.2
RMT070 1.1533 24.3 01Jan2011, 08:31 19.1
MT070 0.1995 26.4 01Jan2011, 06:25 3.7
JMT070 1.3527 28.4 01Jan2011, 06:27 22.8
RMT080 1.3527 28.4 01Jan2011, 06:30 22.8
MT080 0.0638 62.4 01Jan2011, 06:00 3.4
Regional Pond MN 1.4166 30.5 01Jan2011, 06:38 23.7
JMT080 1.4166 30.5 01Jan2011, 06:38 23.7
RMT102 1.4166 30.4 01Jan2011, 06:49 23.6
MT090 0.0435 39.9 01Jan2011, 06:00 2.1
Woodmen Hills Pond #5 0.0435 1.4 01Jan2011, 08:02 1.5
JMT090 0.0435 1.4 01Jan2011, 08:02 1.5
RMT090 0.0435 1.4 01Jan2011, 08:02 1.5
JMT104 0.0435 1.4 01Jan2011, 08:02 1.5
RMT104 0.0435 1.4 01Jan2011, 08:09 1.5
JMT102 1.4601 31.8 01Jan2011, 06:49 25.1
RMT106 1.4601 31.5 01Jan2011, 06:52 25.1
MT100 0.0558 16.5 01Jan2011, 06:06 1.2
JMT106 1.5158 33.2 01Jan2011, 06:52 26.3
RMT112 1.5158 32.7 01Jan2011, 07:30 25.7
MT110 0.1164 18.9 01Jan2011, 06:19 2.2
JMT110 1.6322 35.5 01Jan2011, 07:30 27.9
RMT114 1.6322 35.4 01Jan2011, 07:40 27.7
WT290 0.1038 15.0 01Jan2011, 06:11 1.4
Regional Pond R1 5.8625 84.8 01Jan2011, 10:59 73.4
JWT296 5.8625 84.8 01Jan2011, 10:59 73.4
RWT314 5.8625 84.8 01Jan2011, 11:10 72.9
WT300 0.0970 12.2 01Jan2011, 06:15 1.3
JWT300 0.0970 12.2 01Jan2011, 06:15 1.3
RWT312 0.0970 12.1 01Jan2011, 06:39 1.3
WT310 0.2774 31.3 01Jan2011, 06:16 3.6
JWT310 6.2370 86.9 01Jan2011, 11:09 77.8
RWT320 6.2370 86.8 01Jan2011, 11:19 77.2
WT320 0.2061 26.8 01Jan2011, 06:14 2.8
JWT320 6.4431 88.0 01Jan2011, 11:19 80
RWT352 6.4431 88.0 01Jan2011, 11:31 79.4
ET020 0.2132 73.4 01Jan2011, 06:07 5.4
ET010 0.1451 37.5 01Jan2011, 06:12 3.5
Paint Brush Hills Pond #4 0.1451 29.4 01Jan2011, 06:21 3.5
JET010 0.1451 29.4 01Jan2011, 06:21 3.5
RET020 0.1451 29.3 01Jan2011, 06:37 3.5



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

HEC-HMS 2-YEAR SUMMARY TABLE

Sub Regional Pond SR6 0.3583 9.3 01Jan2011, 07:43 7.9
JET020 0.3583 9.3 01Jan2011, 07:43 7.9
RET030 0.3583 9.3 01Jan2011, 08:37 7.6
ET030 0.2043 44.9 01Jan2011, 06:17 4.9
JET030 0.5626 44.9 01Jan2011, 06:17 12.5
RET040 0.5626 44.6 01Jan2011, 06:30 12.4
Woodmen Hills Pond #1 North 0.7117 60.8 01Jan2011, 06:33 15.4
ET040 0.1491 27.9 01Jan2011, 06:16 3
Woodmen Hills Pond #1 South 0.7117 9.6 01Jan2011, 12:57 12
JET040 0.7117 9.6 01Jan2011, 12:57 12
RET050 0.7117 9.6 01Jan2011, 13:08 11.8
ET050 0.1172 36.5 01Jan2011, 06:03 2.2
Woodmen Hills Pond #2 0.8289 10.4 01Jan2011, 13:06 12.5
JET050 0.8289 10.4 01Jan2011, 13:06 12.5
RET060 0.8289 10.4 01Jan2011, 13:21 12.3
ET060 0.2854 105.0 01Jan2011, 06:02 5.8
Woodmen Hills Pond #3 1.1143 12.6 01Jan2011, 13:03 15.7
JET060 1.1143 12.6 01Jan2011, 13:03 15.7
RET070 1.1143 12.6 01Jan2011, 13:18 15.5
ET070 0.2498 93.5 01Jan2011, 06:03 5.7
JET070 1.3641 93.6 01Jan2011, 06:03 21.2
RET080 1.3641 64.9 01Jan2011, 06:31 20.7
ET080 0.2916 113.3 01Jan2011, 06:08 8.7
Woodmen Hills Pond #4 1.6557 9.8 02Jan2011, 00:00 12
JET080 1.6557 9.8 02Jan2011, 00:00 12
RET090 1.6557 9.8 02Jan2011, 00:00 11.9
ET090 0.1242 26.0 01Jan2011, 06:24 3.3
JET090 1.7800 29.2 01Jan2011, 06:25 15.3
RET100 1.7800 29.1 01Jan2011, 06:30 15.2
ET100 0.0481 11.4 01Jan2011, 06:02 0.7
JET100 1.8280 30.6 01Jan2011, 06:30 15.8
RET110 1.8280 30.6 01Jan2011, 06:38 15.7
ET110 0.2260 24.0 01Jan2011, 06:15 2.7
JET110 2.0541 41.4 01Jan2011, 06:32 18.4
RET120 2.0541 41.4 01Jan2011, 06:39 18.2
ET120 0.1091 10.7 01Jan2011, 06:17 1.3
JET120 2.1632 49.7 01Jan2011, 06:21 19.5
RET152 2.1632 49.5 01Jan2011, 06:29 19.4
ET130 0.1348 10.9 01Jan2011, 06:31 1.8
JET130 0.1348 10.9 01Jan2011, 06:31 1.8
RET140 0.1348 10.9 01Jan2011, 07:06 1.8
ET140 0.2676 15.9 01Jan2011, 06:51 3.6



Hydrologic Element
Drainage Area

(MI2)

Peak
Discharge

(CFS) Time of Peak
Volume
(AC-FT)

HEC-HMS 2-YEAR SUMMARY TABLE

JET140 0.4024 25.8 01Jan2011, 07:01 5.5
RET154 0.4024 25.7 01Jan2011, 07:27 5.4
JET152 2.5656 53.7 01Jan2011, 07:01 24.8
RET156 2.5656 53.5 01Jan2011, 07:06 24.7
ET150 0.1777 17.0 01Jan2011, 06:21 2.3
JET154 2.7433 62.3 01Jan2011, 06:34 27
RET162 2.7433 59.6 01Jan2011, 07:07 26.4
ET160 0.1889 18.6 01Jan2011, 06:26 2.8
JET160 2.9322 66.8 01Jan2011, 07:06 29.2
RET164 2.9322 66.5 01Jan2011, 07:12 29.1
WT350 0.3038 38.3 01Jan2011, 06:17 4.5
JWT352 9.6791 134.2 01Jan2011, 08:21 112.9
RWT354 9.6791 134.2 01Jan2011, 08:22 112.9
WT330 0.3267 32.2 01Jan2011, 06:23 4.5
JWT330 0.3267 32.2 01Jan2011, 06:23 4.5
RWT344 0.3267 32.0 01Jan2011, 06:34 4.5
WT340 0.2780 18.9 01Jan2011, 06:42 3.8
JWT354 10.2838 143.0 01Jan2011, 08:21 121.2
RWT372 10.2838 142.9 01Jan2011, 08:26 120.7
WT360 0.0657 6.9 01Jan2011, 06:18 0.8
JWT360 0.0657 6.9 01Jan2011, 06:18 0.8
RWT374 0.0657 6.9 01Jan2011, 06:36 0.8
Regional Pond R2 10.3495 143.5 01Jan2011, 08:28 118.4
JWT372 10.3495 143.5 01Jan2011, 08:28 118.4
RWT376 10.3495 143.3 01Jan2011, 08:37 117.6
WT370 0.2148 7.2 01Jan2011, 06:17 1.2
JWT374_OUTLET 10.5642 144.1 01Jan2011, 08:37 118.8
FS010 0.1220 6.3 01Jan2011, 06:20 1
JFS010_OUTLET 0.1220 6.3 01Jan2011, 06:20 1



Project: Aug15_Working_Falcon_DBPS_S
Simulation Run: FU 2-yr Reservoir: Sub Regional Pond SR4

Start of Run: 01Jan2011, 00:00 Basin Model: Falcon_DBPS_Future
End of Run: 02Jan2011, 00:00 Meteorologic Model: 2-yr
Compute Time: 28Jul2020, 17:06:15 Control Specifications: 24-hr Storm

Volume Units: AC-FT

Computed Results

Peak Inflow : 128.2 (CFS) Date/Time of Peak Inflow : 01Jan2011, 06:40
Peak Outflow : 24.3 (CFS) Date/Time of Peak Outflow : 01Jan2011, 08:22
Total Inflow : 20.9 (AC-FT) Peak Storage : 7.3 (AC-FT)
Total Outflow : 19.2 (AC-FT) Peak Elevation : 6896.6 (FT)



Project: Aug15_Working_Falcon_DBPS_S
Simulation Run: FU 2-yr Reservoir: Regional Pond MN

Start of Run: 01Jan2011, 00:00 Basin Model: Falcon_DBPS_Future
End of Run: 02Jan2011, 00:00 Meteorologic Model: 2-yr
Compute Time: 28Jul2020, 17:06:15 Control Specifications: 24-hr Storm

Volume Units: AC-FT

Computed Results

Peak Inflow : 64.9 (CFS) Date/Time of Peak Inflow : 01Jan2011, 06:01
Peak Outflow : 30.5 (CFS) Date/Time of Peak Outflow : 01Jan2011, 06:38
Total Inflow : 26.2 (AC-FT) Peak Storage : 2.6 (AC-FT)
Total Outflow : 23.7 (AC-FT) Peak Elevation : 6851.5 (FT)



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.035

Channel Slope 1.75 %

Normal Depth 3.00 ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Results

Discharge 259.64 ft³/s

Flow Area 36.00 ft²

Wetted Perimeter 24.74 ft

Hydraulic Radius 1.46 ft

Top Width 24.00 ft

Critical Depth 3.05 ft

Critical Slope 0.01616 ft/ft

Velocity 7.21 ft/s

Velocity Head 0.81 ft

Specific Energy 3.81 ft

Froude Number 1.04

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 3.00 ft

Critical Depth 3.05 ft

Channel Slope 1.75 %

Critical Slope 0.01616 ft/ft

Worksheet for Ex Channel Capacity Check

7/28/2020 5:58:42 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 1.75 %

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Discharge 850.00 ft³/s

Results

Normal Depth 4.68 ft

Flow Area 87.61 ft²

Wetted Perimeter 38.59 ft

Hydraulic Radius 2.27 ft

Top Width 37.44 ft

Critical Depth 4.89 ft

Critical Slope 0.01379 ft/ft

Velocity 9.70 ft/s

Velocity Head 1.46 ft

Specific Energy 6.14 ft

Froude Number 1.12

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 4.68 ft

Critical Depth 4.89 ft

Channel Slope 1.75 %

Critical Slope 0.01379 ft/ft

Worksheet for Ex Channel - Pr DBPS 100 Yr Flow

7/28/2020 5:59:30 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.30 %

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Bottom Width 15.00 ft

Discharge 850.00 ft³/s

Results

Normal Depth 4.95 ft

Flow Area 172.40 ft²

Wetted Perimeter 55.84 ft

Hydraulic Radius 3.09 ft

Top Width 54.62 ft

Critical Depth 3.43 ft

Critical Slope 0.01384 ft/ft

Velocity 4.93 ft/s

Velocity Head 0.38 ft

Specific Energy 5.33 ft

Froude Number 0.49

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 4.95 ft

Critical Depth 3.43 ft

Channel Slope 0.30 %

Worksheet for Fut Channel - Pr DBPS 100 Yr Flow

7/28/2020 6:00:48 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Worksheet for Fut Channel - Pr DBPS 100 Yr Flow
GVF Output Data

Critical Slope 0.01384 ft/ft

7/28/2020 6:00:48 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



North American Green
5401 St. Wendel-Cynthiana Rd.
Poseyville, Indiana 47633
Tel. 800.772.2040
>Fax 812.867.0247
www.nagreen.com
ECMDS v7.0

Inputs
Channel Discharge (Q): 850 cfs
Peak Flow Period (H): hours
Channel Slope (S0): 0.0175 ft/ft
Bottom Width (B): 0 ft
Left Side Slope (ZL): 4 (H : V)
Right Side Slope (ZR): 4 (H : V)
Existing Channel Bend: No
Bend Coefficient (Kb): 1
Channel Bend Radius:
Retardance Class of Vegetation:C 6-12 in
Vegetation Type: Bunch Type
Vegetation Density: Fair 50-64%
Soil Type: Sandy Loam (GM)

Channel Lining Options
P550 Protection Type Permanent

Basic Relationships

A = Cross sectional area, ft2 (m2) = (B * D) + (ZL / 2 * D2) + (ZR / 2 * D2)

Where:
B = Base width of channel, ft (m)
D = Flow depth, ft (m)
ZL = Left side bank slope (H : 1 V)
ZR = Right side bank slope (H : 1 V)

P = Wetted perimeter, ft (m) = B + ZL * D + ZR * D
R = Hydraulic radius, ft (m) = A / P

V = Flow velocity, ft/s (m/s) = Q / A
Where:
Q = Channel discharge, cfs (cms)

Taua Average bed shear stress, psf (Pa) = 62.4 * R * S0

Where:
S0 = Gradient of channel, ft/ft (m/m)

Tau0 = Maximum bed shear stress, psf (Pa) = 62.4 * D * S0

Unvegetated Conditions Computations:

n = Manning’s   n = a * Tauab

and (iteratively solved)

n = 1.486 / Q * A * R(2/3)S0
0.5

Where:
n = Manning’s n
a = Product specific coefficient from performance testing
b = Product specific coefficient from performance testing

SFP = Product factor of safety = TauT / Tau0

ANALYSIS COMPUTATIONS
> > > >View Computation



Where:
TauT = Permissible shear stress from testing, psf (Pa)

Taup = In place permissible shear, psf (Pa) = TauT / alpha * (TauS + alpha /
4.3)

Where:
alpha = unit conversion constant, 0.14 English, 6.5 Metric
TauS = Permissible shear stress of soil

SFL = Factor of safety of installed liner = Taup / Taua

Vegetated Computations:

n = Manning’s   n = alpha * Cn* Taua-0.4

and (iteratively solved)

n = 1.486 / Q * A * R(2/3)S0
0.5

Where:
alpha = Unit conversion constant, 0.213 English, 1.0 Metric
Cn = Vegetation retardance coefficient

SFP = Product factor of safety = TauTV / Tau0

Where:
TauTV = Permissible shear stress from testing, psf (Pa)

Taup = In place permissible shear, psf (Pa) = TauS / (1 – CFTRM) * (n / nS)2

Where:
CFTRM = Coefficient of TRM performance derived from testing TauS = Permissible shear stress of soil
nS = Manning’s of soil bed if left unprotected
SFL = Factor of safety of installed liner = Taup / Taua

P550

Phase Mannings N

Predicted

flow depth

(D)

Cross

sectional

area (A)

Wetted

perimeter

(P)

Hydraulic radius (R) Flow velocity (V) Froude number (FR)
Calculated

Shear Stress
SFP/SFL

P550
Unvegetated

0.035 4.68 ft 87.61 ft2 38.59 ft 2.27 ft 9.7 ft/s 1.14 5.11 lbs/ft2 0.63 (SFP)

Underlying
Substrate

0.035 4.68 ft 87.61 ft2 38.59 ft 2.27 ft 9.7 ft/s 1.14 2.48 lbs/ft2 1.22 (SFL)

P550 Reinforced
Vegetation

0.035 4.68 ft 87.61 ft2 38.59 ft 2.27 ft 9.7 ft/s 1.14 5.11 lbs/ft2 2.74 (SFP)

Underlying
Substrate

0.035 4.68 ft 87.61 ft2 38.59 ft 2.27 ft 9.7 ft/s 1.14 2.48 lbs/ft2 1.29 (SFL)



DESCRIPTION
The composite turf reinforcement mat (C-TRM) shall be a 
machine-produced mat of 100% UV stable polypropylene fiber 
matrix incorporated into permanent three-dimensional turf rein-
forcement matting. The matrix shall be evenly distributed across 
the entire width of the matting and stitch bonded between a 
ultra heavy duty UV stabilized nettings with 0.50 x 0.50 inch (1.27 
x 1.27 cm) openings, an ultra heavy UV stabilized, dramatically 
corrugated (crimped) intermediate netting with 0.5 x 0.5 inch (1.27 
x 1.27 cm) openings, and covered by an ultra heavy duty UV stabi-
lized nettings with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings. The 
middle corrugated netting shall form prominent closely spaced 
ridges across the entire width of the mat. The three nettings shall 
be stitched together on 1.50 inch (3.81cm) centers with UV stabi-
lized polypropylene thread to form permanent three-dimensional 
turf reinforcement matting. All mats shall be manufactured with 
a colored thread stitched along both outer edges as an overlap 
guide for adjacent mats.

The P550 shall meet Type 5A, 5B, and 5C specification require-
ments established by the Erosion Control Technology Council 
(ECTC) and Federal Highway Administration’s (FHWA)  FP-03 
Section 713.18

Material Content

Matrix 100% UV stable polypropylene fiber 0.5 lb/sy 
(0.27 kg/sm)

Netting

Top and Bottom, UV-Stabilized 
Polypropylene
Middle, Corrugated UV-Stabilized 
Polypropylene

24 lb/1000 sf  
(11.7 kg/100 sm) 

24 lb/1000 sf  
(11.7 kg/100 sm)

Thread Polypropylene, UV Stable

Standard Roll Sizes
Width 6.5 ft (2.0 m)

Length 55.5 ft (16.9 m)

Weight ± 10% 52 lbs (23.59 kg)

Area 40 sy (33.4 sm)

Index Property Test Method Typical

Thickness ASTM D6525 0.72 in.  
(18.29 mm)

Resiliency ASTM 6524 95%

Density ASTM D792 0.892 g/cm3

Mass/Unit Area ASTM 6566 21.25 oz/sy  
(723 g/sm)

UV Stability ASTM D4355/ 
1000 HR

100%

Porosity ECTC Guidelines 96%

Stiffness ASTM D1388 366.3 oz-in. 

Light Penetration ASTM D6567 16.5%

Tensile Strength – MD ASTM D6818 1421 lbs/ft  
(21.07 kN/m)

Elongation – MD ASTM D6818 40.5%

Tensile Strength – TD ASTM D6818 1191.6 lbs/ft  
(17.67 kN/m)

Elongation – TD ASTM D6818 28.8%

Biomass Improvement ASTM D7322 378%

Design Permissible Shear Stress
Short Duration Long Duration

Phase 1: Unvegetated 4.0 psf (191 Pa) 3.25 psf (156 Pa)

Phase 2: Partially Veg. 12.0 psf (576 Pa) 12.0 psf (576 Pa)

Phase 3: Fully Veg. 14.0 psf (672 Pa) 12.0 psf (576 Pa)

Unvegetated Velocity 12.5 fps (3.8 m/s)

Vegetated Velocity 25 fps (7.6 m/s)

NTPEP ASTM D6460 Large Scale Channel
Vegetated Shear Stress >13.2 psf (632 Pa)

Vegetated Velocity >24.5 fps (7.47 m/s)

Specification Sheet – VMax® P550® Turf Reinforcement Mat



Slope Design Data: C Factors
                                    Slope Gradients (S)

Slope Length (L) ≤ 3:1 3:1 – 2.1 ≥ 2:1

≤ 20 ft (6 m) 0.0005 0.015 0.043

20-50 ft 0.0173 0.031 0.050

≥ 50 ft (15.2 m) 0.035 0.047 0.057

Roughness Coefficients – Unveg.
Flow Depth Manning’s n 

≤ 0.50 ft (0.15 m) 0.041

0.50 – 2.0 ft 0.040-0.013

≥ 2.0 ft (0.60 m) 0.013

Tensar International Corporation warrants that at the time of delivery the product furnished 
hereunder shall conform to the specification stated herein. Any other warranty including 
merchantability and fitness for a particular purpose, are hereby executed. If the product 
does not meet specifications on this page and Tensar is notified prior to installation, Tensar 
will replace the product at no cost to the customer. This product specification supersedes 
all prior specifications for the product described above and is not applicable to any 
products shipped prior to January 1, 2012. 

©2013, Tensar International Corporation

Tensar International Corporation
2500 Northwinds Parkway
Suite 500
Alpharetta, GA 30009
800-TENSAR-1
tensarcorp.com

EC_RMX_MPDS_VMP550_5.13



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 0 cfs

Design Flow: 143 cfs
Maximum Flow: 143 cfs



Table 1 - Summary of Culvert Flows at Crossing: Bent Grass & Meridian Existing Ex

Pipe Cap Check

Headwater Elevation
(ft) Total Discharge (cfs)

Ex Culverts - Ex Pipe
Capacity Discharge

(cfs)
Roadway Discharge

(cfs) Iterations

6928.05 0.00 0.00 0.00 1
6929.11 14.30 14.30 0.00 1
6929.47 28.60 28.60 0.00 1
6929.76 42.90 42.90 0.00 1
6930.02 57.20 57.20 0.00 1
6930.29 71.50 71.50 0.00 1
6930.56 85.80 85.80 0.00 1
6930.86 100.10 100.10 0.00 1
6931.18 114.40 114.40 0.00 1
6931.53 128.70 128.70 0.00 1
6931.90 143.00 143.00 0.00 1
6931.90 143.03 143.03 0.00 Overtopping



Rating Curve Plot for Crossing: Bent Grass & Meridian Existing Ex Pipe Cap Check



Table 2 - Culvert Summary Table: Ex Culverts - Ex Pipe Capacity

********************************************************************************

Straight Culvert

Inlet Elevation (invert): 6928.05 ft,    Outlet Elevation (invert): 6927.34 ft

Culvert Length: 105.00 ft,    Culvert Slope: 0.0068

********************************************************************************

Total
Discharge

(cfs)

Culvert
Discharge

(cfs)

Headwater
Elevation

(ft)

Inlet
Control

Depth (ft)

Outlet
Control

Depth (ft)

Flow
Type

Normal
Depth (ft)

Critical
Depth (ft)

Outlet
Depth (ft)

Tailwater
Depth (ft)

Outlet
Velocity

(ft/s)

Tailwater
Velocity

(ft/s)

0.00 0.00 6928.05 0.000 0.000 0-NF 0.000 0.000 0.710 0.000 0.000 0.000
14.30 14.30 6929.11 0.753 1.061 1-S1t 0.481 0.558 1.722 1.012 0.851 3.494
28.60 28.60 6929.47 1.094 1.420 1-S1t 0.678 0.802 2.022 1.312 1.446 4.155
42.90 42.90 6929.76 1.388 1.709 1-S1t 0.835 0.995 2.237 1.527 1.997 4.598
57.20 57.20 6930.02 1.659 1.972 1-S1t 0.973 1.161 2.411 1.701 2.570 4.941
71.50 71.50 6930.29 1.913 2.237 1-S1f 1.100 1.303 2.417 1.850 3.213 5.225
85.80 85.80 6930.56 2.161 2.511 1-S1f 1.213 1.438 2.417 1.981 3.855 5.468

100.10 100.10 6930.86 2.415 2.810 1-S1f 1.321 1.562 2.417 2.098 4.498 5.683
114.40 114.40 6931.18 2.681 3.135 4-FFf 1.433 1.677 2.417 2.206 5.140 5.876
128.70 128.70 6931.53 2.968 3.481 4-FFf 1.545 1.783 2.417 2.306 5.783 6.052
143.00 143.00 6931.90 3.280 3.850 4-FFf 1.659 1.882 2.417 2.399 6.425 6.213



Culvert Performance Curve Plot: Ex Culverts - Ex Pipe Capacity



Water Surface Profile Plot for Culvert: Ex Culverts - Ex Pipe Capacity

Site Data - Ex Culverts - Ex Pipe Capacity
Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  6928.05 ft

Outlet Station:  105.00 ft
Outlet Elevation:  6927.34 ft
Number of Barrels:  3

Culvert Data Summary - Ex Culverts - Ex Pipe Capacity
Barrel Shape:  Elliptical

Barrel Span:  45.00 in
Barrel Rise:  29.00 in
Barrel Material:  Concrete

Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight

Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: Bent Grass & Meridian

Existing Ex Pipe Cap Check)

Tailwater Channel Data - Bent Grass & Meridian Existing Ex Pipe Cap Check
Tailwater Channel Option:  Triangular Channel
Side Slope (H:V):  4.00 (_:1)

Channel Slope:  0.0175
Channel Manning's n:  0.0350
Channel Invert Elevation:  6928.05 ft

Roadway Data for Crossing: Bent Grass & Meridian Existing Ex Pipe Cap Check
Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  80.00 ft
Crest Elevation:  6931.90 ft
Roadway Surface:  Paved

Roadway Top Width:  50.00 ft

Flow (cfs) Water Surface
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

0.00 6928.05 0.00 0.00 0.00 0.00
14.30 6929.06 1.01 3.49 1.10 0.87
28.60 6929.36 1.31 4.16 1.43 0.90
42.90 6929.58 1.53 4.60 1.67 0.93
57.20 6929.75 1.70 4.94 1.86 0.94
71.50 6929.90 1.85 5.22 2.02 0.96
85.80 6930.03 1.98 5.47 2.16 0.97

100.10 6930.15 2.10 5.68 2.29 0.98
114.40 6930.26 2.21 5.88 2.41 0.99
128.70 6930.36 2.31 6.05 2.52 0.99
143.00 6930.45 2.40 6.21 2.62 1.00



HY-8 Culvert Analysis Report



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 0 cfs

Design Flow: 270 cfs
Maximum Flow: 850 cfs



Table 1 - Summary of Culvert Flows at Crossing: Bent Grass & Meridian Existing  Pr

DBPS Flows

Headwater Elevation
(ft) Total Discharge (cfs)

Ex Culverts - Pr
DBPS Flow

Discharge (cfs)
Roadway Discharge

(cfs) Iterations

6928.05 0.00 0.00 0.00 1
6930.55 85.00 85.00 0.00 1
6932.12 170.00 145.81 24.11 8
6932.55 270.00 143.20 126.70 5
6932.78 340.00 140.88 199.06 5
6933.02 425.00 138.39 286.31 4
6933.23 510.00 136.38 373.41 4
6933.43 595.00 134.77 460.09 4
6933.62 680.00 133.49 546.45 4
6933.79 765.00 132.46 632.08 3
6933.96 850.00 131.74 718.07 3
6931.90 143.05 143.05 0.00 Overtopping



Rating Curve Plot for Crossing: Bent Grass & Meridian Existing  Pr DBPS Flows



Table 2 - Culvert Summary Table: Ex Culverts - Pr DBPS Flow

********************************************************************************

Straight Culvert

Inlet Elevation (invert): 6928.05 ft,    Outlet Elevation (invert): 6927.34 ft

Culvert Length: 105.00 ft,    Culvert Slope: 0.0068

********************************************************************************

Total
Discharge

(cfs)

Culvert
Discharge

(cfs)

Headwater
Elevation

(ft)

Inlet
Control

Depth (ft)

Outlet
Control

Depth (ft)

Flow
Type

Normal
Depth (ft)

Critical
Depth (ft)

Outlet
Depth (ft)

Tailwater
Depth (ft)

Outlet
Velocity

(ft/s)

Tailwater
Velocity

(ft/s)

0.00 0.00 6928.05 0.000 0.000 0-NF 0.000 0.000 0.710 0.000 0.000 0.000
85.00 85.00 6930.55 2.148 2.496 1-S1f 1.207 1.431 2.417 1.974 3.819 5.456

170.00 145.81 6932.12 3.345 4.068 4-FFf 1.682 1.900 2.417 2.559 6.551 6.488
270.00 143.20 6932.55 3.285 4.499 4-FFf 1.660 1.883 2.417 3.044 6.434 7.283
340.00 140.88 6932.78 3.232 4.727 4-FFf 1.642 1.868 2.417 3.319 6.330 7.715
425.00 138.39 6933.02 3.176 4.968 4-FFf 1.622 1.851 2.417 3.609 6.218 8.158
510.00 136.38 6933.23 3.132 5.184 4-FFf 1.606 1.837 2.417 3.864 6.128 8.539
595.00 134.77 6933.43 3.097 5.383 4-FFf 1.593 1.826 2.417 4.094 6.055 8.874
680.00 133.49 6933.62 3.069 5.569 4-FFf 1.583 1.817 2.417 4.304 5.998 9.175
765.00 132.46 6933.79 3.047 5.744 4-FFf 1.574 1.810 2.417 4.499 5.951 9.449
850.00 131.74 6933.96 3.032 5.912 4-FFf 1.569 1.805 2.417 4.680 5.919 9.702



Culvert Performance Curve Plot: Ex Culverts - Pr DBPS Flow



Water Surface Profile Plot for Culvert: Ex Culverts - Pr DBPS Flow

Site Data - Ex Culverts - Pr DBPS Flow
Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  6928.05 ft

Outlet Station:  105.00 ft
Outlet Elevation:  6927.34 ft
Number of Barrels:  3

Culvert Data Summary - Ex Culverts - Pr DBPS Flow
Barrel Shape:  Elliptical

Barrel Span:  45.00 in
Barrel Rise:  29.00 in
Barrel Material:  Concrete

Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight

Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: Bent Grass & Meridian

Existing  Pr DBPS Flows)

Tailwater Channel Data - Bent Grass & Meridian Existing  Pr DBPS Flows
Tailwater Channel Option:  Triangular Channel
Side Slope (H:V):  4.00 (_:1)

Channel Slope:  0.0175
Channel Manning's n:  0.0350
Channel Invert Elevation:  6928.05 ft

Roadway Data for Crossing: Bent Grass & Meridian Existing  Pr DBPS Flows
Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  80.00 ft
Crest Elevation:  6931.90 ft
Roadway Surface:  Paved

Roadway Top Width:  50.00 ft

Flow (cfs) Water Surface
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

0.00 6928.05 0.00 0.00 0.00 0.00
85.00 6930.02 1.97 5.46 2.16 0.97

170.00 6930.61 2.56 6.49 2.79 1.01
270.00 6931.09 3.04 7.28 3.32 1.04
340.00 6931.37 3.32 7.72 3.62 1.06
425.00 6931.66 3.61 8.16 3.94 1.07
510.00 6931.91 3.86 8.54 4.22 1.08
595.00 6932.14 4.09 8.87 4.47 1.09
680.00 6932.35 4.30 9.18 4.70 1.10
765.00 6932.55 4.50 9.45 4.91 1.11
850.00 6932.73 4.68 9.70 5.11 1.12



HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 25.8 cfs

Design Flow: 255 cfs

Maximum Flow: 275 cfs



Table 1 - Summary of Culvert Flows at Crossing: Add't Culverts for Add't Offsite Flow
Headwater Elevation 

(ft)
Total Discharge (cfs) New Ellp Culverts for 

Offsite Flow 
Discharge (cfs)

Roadway Discharge 
(cfs)

Iterations

6929.35 25.80 25.80 0.00 1

6930.04 50.72 50.72 0.00 1

6930.71 75.64 75.64 0.00 1

6931.51 100.56 100.56 0.00 1

6932.03 125.48 114.03 11.26 9

6932.17 150.40 117.27 32.97 6

6932.28 175.32 119.82 55.38 5

6932.38 200.24 120.43 79.53 4

6932.47 225.16 119.77 105.23 4

6932.58 255.00 118.96 135.95 4

6932.65 275.00 118.48 156.17 3

6931.90 110.74 110.74 0.00 Overtopping



Rating Curve Plot for Crossing: Add't Culverts for Add't Offsite Flow



Table 2 - Culvert Summary Table: New Ellp Culverts for Offsite Flow
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

25.80 25.80 6929.35 1.303 0.658 1-JS1t 0.792 0.941 1.262 1.262 3.305 4.049

50.72 50.72 6930.04 1.993 1.327 1-S2n 1.139 1.348 1.150 1.626 7.371 4.795

75.64 75.64 6930.71 2.663 2.093 5-S2n 1.426 1.670 1.441 1.889 8.261 5.299

100.56 100.56 6931.51 3.464 3.007 5-S2n 1.723 1.932 1.737 2.102 8.884 5.690

125.48 114.03 6932.03 3.982 3.650 5-JS1t 1.905 2.046 2.284 2.284 7.861 6.014

150.40 117.27 6932.17 4.116 3.930 4-FFf 1.955 2.070 2.417 2.445 7.904 6.292

175.32 119.82 6932.28 4.225 4.171 4-FFf 1.998 2.088 2.417 2.589 8.075 6.538

200.24 120.43 6932.38 4.252 4.327 4-FFf 2.009 2.093 2.417 2.721 8.117 6.759

225.16 119.77 6932.47 4.223 4.424 4-FFf 1.997 2.088 2.417 2.844 8.072 6.960

255.00 118.96 6932.58 4.188 4.529 4-FFf 1.982 2.082 2.417 2.980 8.018 7.180

275.00 118.48 6932.65 4.168 4.596 4-FFf 1.974 2.079 2.417 3.065 7.985 7.317



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 6928.05 ft,    Outlet Elevation (invert): 6927.34 ft

Culvert Length: 105.00 ft,    Culvert Slope: 0.0068

********************************************************************************



Culvert Performance Curve Plot: New Ellp Culverts for Offsite Flow



Water Surface Profile Plot for Culvert: New Ellp Culverts for Offsite Flow

Site Data - New Ellp Culverts for Offsite Flow

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  6928.05 ft

Outlet Station:  105.00 ft

Outlet Elevation:  6927.34 ft

Number of Barrels:  2

Culvert Data Summary - New Ellp Culverts for Offsite Flow

Barrel Shape:  Elliptical

Barrel Span:  45.00 in

Barrel Rise:  29.00 in

Barrel Material:  Concrete

Embedment:  0.00 in

Barrel Manning's n:  0.0130

Culvert Type:  Straight

Inlet Configuration:  Square Edge with Headwall

Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: Add't Culverts for Add't 
Offsite Flow)Flow (cfs) Water Surface 

Elev (ft)
Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

25.80 6928.60 1.26 4.05 1.38 0.90
50.72 6928.97 1.63 4.79 1.78 0.94
75.64 6929.23 1.89 5.30 2.06 0.96
100.56 6929.44 2.10 5.69 2.30 0.98
125.48 6929.62 2.28 6.01 2.49 0.99
150.40 6929.78 2.44 6.29 2.67 1.00
175.32 6929.93 2.59 6.54 2.83 1.01
200.24 6930.06 2.72 6.76 2.97 1.02
225.16 6930.18 2.84 6.96 3.11 1.03
255.00 6930.32 2.98 7.18 3.25 1.04
275.00 6930.41 3.07 7.32 3.35 1.04



Tailwater Channel Data - Add't Culverts for Add't Offsite Flow

Tailwater Channel Option:  Triangular Channel

Side Slope (H:V):  4.00 (_:1)

Channel Slope:  0.0175

Channel Manning's n:  0.0350

Channel Invert Elevation:  6927.34 ft

Roadway Data for Crossing: Add't Culverts for Add't Offsite Flow

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  80.00 ft

Crest Elevation:  6931.90 ft

Roadway Surface:  Paved

Roadway Top Width:  50.00 ft



Subdivision: Meridian Road Improvements Project Name: Meridian Road Improvements
Location: CO, Colorado Springs Project No.: CLH000015.20

Calculated By: BHB
Checked By: SMB

Date: 3/23/20

DP-20 Outfall
Q100 (cfs) 221.0 Flow per "Pipe"
D or H (in) 45
W (ft) 29
Slope (%) 0.68
Yn (in) 23.78
Yt (ft) 2.98 If "Unknown" Yt/D=0.4
Yt/D, Yt/H 0.79
Supercritical Yes Based on Froud Number >/< 1
Q/D^2.5, Q/WH^1.5 1.05
Q/D^1.5, Q/WH^0.5
Da, Ha (in) * 34.39 Da=0.5(D+Yn), Ha=0.5(H+Yn)
Q/Da^1.5, Q/WHa^0.5 * 4.50
d50 (in), Required 0.95
Required Riprap Size L
Use Riprap Size L Found using Figure 9-38 (USDCM)
d50 (in) 9
1/(2 tan q) 6.80 Found using Figure 9-35/9-36 (USDCM)
Erosive Soils No
At 28.70 A t =Q/5.5
L -131.7 L=(1/(2 tan q ))(A t /Yt - D)
Min L 11.3 Min L=3D or 3H
Max L 37.5 Max L=10D or 10H
Length (ft) 11.3
Bottom Width (ft) 11.3 Width=3D (Minimum)
Riprap Depth (in) 18 Depth=2(d 50 )
Type II Base Depth (in) 6
Cutoff Wall No
Cutoff Wall Depth (ft) Depth of Riprap and Base
Cutoff Wall Width (ft)

Note: No Type II Base to be used if Soil Riprap is specified within the plans

*  For use when the flow in the culvert is supercritical (and less than full).
** This is a temporary minor storm culvert and the riprap has been sized for minor storm flows

Storm Drain System

PIPE OUTFALL RIPRAP SIZING CALCULATIONS

S:\Engineers\Scott Brown\Final Drainage Calcs-Template.xlsPage 1 of 1   9/4/2020



APPENDIX C
Hydraulic Computations
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APPENDIX D
Drainage Maps
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