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ENGINEER’S STATEMENT:
The attached drainage plan and report were prepared under my direction and supervision and
are correct to the best of my knowledge and belief. Said drainage report has been prepared
according to the criteria established by the City for drainage reports and said report is in
conformity with the master plardti.cirainage basin area. I accept responsibility for any
liability caused by any neglig omissions on my part in preparing this report.

Kevan P. Kuhnel, Colorad P#’ Th Date
For and On Behalf of Fels F•L1tandU1yi

CDOT STATEMENT:
I, the Owner, have read and will comply with all of the requirements specified in this drainage
plan and report.

Owner: Colorado Department of Transportation

By:
Andrew Stecklein

Title: CDOT Region 2— North Program Hydraulics Engineer

Address: 1480 Quail Lake Loop
Colorado Springs, CO 80906

Phone Number: 719/227-3264

CITY OF COLORADO SPRINGS ONLY:
Filed in accordance with Section 7.7.906 of the Code of the City of Colorado Springs, 2001, as
amended.

l6r t City Engineer Date / /

Conditions:
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SH 21 Powers Blvd. Corridor Improvements Hydrology and Hydraulics Report

1. GENERAL LOCATION AND DRAINAGE OVERVIEW

1.1 Location of Improvements

This report presents the hydrologic and hydraulic analysis for the State Highway 21
improvements. The project consists of adding acceleration and deceleration lanes along the
Powers Blvd (SH 21) corridor between South Carefree Circle and Dublin Blvd. The scope will
consist of constructing 12 foot auxiliary lanes and 4 foot shoulders on the outside. Drainage will
be conveyed by a combination of proposed roadside ditches and curb and gutter to the existing
storm sewer infrastructure. The areas adjacent to the project are a mix of commercial,
residential, and undeveloped rangeland uses. The project is located in a part of Sections 7, 18,
19, 30, and 31, Township 13 South, Range 65 and Sections 12, 13, 24, 25, and 36 Township 13
South, Range 66 West of the 6th P.M.., City Colorado Springs and County of El Paso, Colorado.
Figure 1 indentifies the overall project limits and Figure 2 contains the soils map.

1.2 Discussion of Existing and Proposed Drainage Conditions

The project area generally drains from north to south and west to east into Sand Creek. There
is a small portion of the north most project area draining west to Cottonwood Creek. No portion
of the project area is within the 100 year floodplain, see Appendix A for FEMA Floodplain
Maps. Generally, the corridor can be broken into eleven segments from intersection to
intersection. See Appendix D for Proposed Basin Maps. Erosion and flooding have been
ongoing problems for the corridor do to the lack of existing roadside drainage facilities.
Currently, the water follows the path of least resistance and finds its way downstream to the
nearest culvert or inlet. The only existing storm sewer infrastructure is typically located near the
intersecting streets conveying runoff east to Sand Creek or west to Cottonwood Creek. A
component of this project is to improve, as much as economically possible, the stormwater
conveyance along the roadway and improve routing to the existing storm sewer system. See
Appendix B for Hydrologic calculations and Appendix C for Hydraulic calculations. A number
of options were explored such as inlets with storm sewer, riprap lined roadside ditches, curb and
gutter, and concrete lined ditches. Ultimately, the project is driven by a tight construction
budget, so it was determined a combination of permanent turf reinforcement mats (TRMs), rock
check dams, and riprap in the proposed roadside ditches would be the most economical
solution. Also, there are a few areas where proposed curb and gutter were necessary due to
existing utility and grading constraints. These fixes are not all optimum long-term solutions and
in some cases will not fully comply with CDOT’s standards. Ultimately, considering the
numerous project constraints, the fixes will vastly improve the current drainage conveyance
issues until the Powers corridor is upgraded to a grade separated freeway.
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SH 21 Powers Blvd. Corridor hnprovements Hydrology and Hydraulics Report

Hydrologic Soil Group— Summary by Map Unit — El Paso County Area, Colorado (C0625)

Map unit symbol Map unit name Rating Acres in AOl Percent of AOl

8 Blakeland loamy sand, 1 A 162.4 28.4%
to 9 percent slopes

10 BlendonsandyloamOto B 1.7 0.3%
3 percent slopes

84 Stapleton sandy loam, 8 B 2.9 0.5%
to 15 percent slopes

85 Stapieton-Bernal sandy B 368.0 64.2%
barns, 3 to 20 percent
slopes

95 Truckton loamy sand, 1 B 11.6 2.0%
to 9 percent slopes

97 Truckton sandy loam, 3 B 26.2 4.6%
to 9 percent slopes

Totals for Area of Interest 572.9 100.0%
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SH 21 Powers Blvd. Corridor Improvements Hydrology and Hydraulics Report

2. DRAINAGE BASINS

Per the direction of the CDOT Project Manager, the scope of this Hydrology and Hydraulics
Report was limited to the proposed improvement areas and corresponding basins. Hydrology
and hydraulics for the existing conditions was not performed on the basins, roadside ditches, or
conveyance facilities. Additionally, the hydraulic analysis of the roadside ditches was limited to
the 100-yr storm wherever both the 10-yr and 100-yr storm were contained within the ditch
cross section. Both the 10-yr and 100-yr storms were analyzed when either the ditch capacity
was exceeded or the design included curb and gutter spread calculations. The hydraulic
calculations can be found in Appendix C.

Prorosed Drainage Basins

• Basin Al is 2.59 acres in size and includes the eastern half of Powers Blvd from
South Carefree Circle north 1400’. The western edge of the basin follows the
center line of the median and the eastern edge generally follows the ROW line.
The basin slopes from north to south at 2-6% and flows south into an existing 36”
RCP Flared End Section located at Design Point I. Runoff is conveyed to
Design Point 1 via a proposed TRM lined trapezoidal roadside ditch.

• Basin A2 is 2.59 acres in size, due north of Basin Al, and is similarly shaped.
The basin slopes from north to south at 2-5% and flows south into Basin Al via a
proposed TRM lined trapezoidal roadside ditch.

• Basin BI is 2.40 acres in size and includes the eastern half of Powers Blvd from
the highpoint in Powers Blvd between North Carefree Circle and Barnes Rd,
south roughly 1400’ to an existing 36” RCP Flared End Section. The western
edge of the basin follows the center line of the median and the eastern edge
generally follows the ROW line. The basin slopes from north to south at 0.5-4%
and runoff will be conveyed through a combination of proposed curb and gutter
and TRM lined trapezoidal roadside ditch. The curb and gutter will be installed in
the northernmost 200’ of the basin. Due to the limited size of the basin
contributing to the curb and gutter and similar characteristics of this basin to
Basin B2, spread width was determined to be similar, if not less, to that found in
Basin B2.

• Basin B2 is 0.73 acres in size and immediately north of Basin B1. This basin lies
on the north side of the highpoint in Powers Blvd., between North Carefree Circle
and Barnes Rd, and extends north roughly 390’. Runoff is conveyed north via a
combination of proposed curb and gutter, then a proposed TRM lined trapezoidal
roadside ditch at 0.5%, and ultimately into an existing riprap rundown. The riprap
rundown routes the flows east through an existing grass and rock lined drainage
swale similar to historic conditions. The curb and gutter spread for the 10-year
storm is 10.40’ and 100-year storm is 13.14’. Both storms will encroach into the
auxiliary lane. Basin B2 does not meet CDOT’s standards for spread width, but
was deemed appropriate by CDOT based on the same reasoning as described in
Basin Cl.

d FELSBURG( 1IOLT &
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• Basin Cl is 11.25 acres in size and includes the western half of Powers Blvd
from the highpoint in Powers Blvd between North Carefree Circle and Barnes Rd,
south to the existing grate inlets at the northwest corner of the intersection of
North Carefree Circle and Powers Blvd. In the north half of the basin, the
western edge of the basin extends to Rio Vista Dr. and the eastern edge is
bound by the median island. The basin tapers in the southern half and is loosely
bound by the ROW line and median island. The basin slopes from west to east
and north to south. Proposed curb and gutter will route the flows from north to
south at slopes ranging from 1-4%. The curb and gutter will outfall a portion of
the runoff into a proposed Type 5 embankment protector. The embankment
protector ties into an existing drainage swale that routes flows another 100’ south
to two existing Type C inlets. The remaining bypass flows will continue south,
similar to historic conditions, to an existing combination inlet located in the sump
of the right turn lane. Basin Cl was originally designed to convey flows to the
existing Type C inlets per the METEX Powers Boulevard Phase 2 Construction
Plans, by KKBNA Incorporated Consulting Engineers, dated 9-15-1987. The
capacity of the existing combination inlet was not analyzed as it was beyond the
scope of this Report, though it is likely undersized. Accounting for the original
design intent and potentially undersized inlet were the drivers behind installing
the proposed Type 5 embankment protector to relieve flows to the existing
combination inlet. The spread for the 10-year storm is 14.26’ and will encroach
10.26’ into the auxiliary lane. To limit the spread to the shoulder only, it would
have required an additional 10.26’ of shoulder, additional utility relocations, and
likely a retaining wall. The spread for the 100-year storm will encroach 4.17’ into
the travel lane. Currently there is little to no shoulder, so the outside travel lane
is frequently inundated. The proposed project improvements will result in
improved drainage conveyance. Due to the limited project budget and fact that
Powers Blvd will be upgraded to a grade separated freeway in the future, the
design was deemed appropriate by CDOT.

• Basin Dl is 2.75 acres in size, immediately north of Basin Cl, and includes the
western half of Powers Blvd from the highpoint in Powers Blvd between North
Carefree Circle and Barnes Rd, north roughly 300’ to an existing low point in
Powers Blvd. The basin extends west to near Rio Vista Dr. incorporating a large
undeveloped offsite area. The eastern basin edge is bound by the median
island. Runoff sheet flows from west to east into the proposed curb and gutter.
The curb and gutter conveys the flows north to Design Point 6 at a slope of
roughly 0.7%. Design Point 6 is located at the low point in Powers Blvd where a
proposed Type 5 Embankment Protector will be installed to convey runoff from
the roadway into a roadside ditch. Design Point 6 combines runoff from Basins
Dl, D3, and D5 bypass. Along the curb and gutter, spread for both the 10-
year=10.82’ and 100-year=1 6.08’ storms will encroach into the auxiliary lane.
The 100-yr storm will also encroach 0.08’ into the travel lane. Basin Dl does not
meet CDOT’s standards for spread width, but was deemed appropriate by CDOT
based on the same reasoning as described in Basin Cl.

d FELSBURG( 1-IOLT &
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• Basin D2 is 8.72 acres and includes a large undeveloped offsite basin adjacent
to the west side of Powers Blvd and directly north of Basin DI. This basin is
largely undeveloped rangeland sloping from west to east at 10-20%. The
eastern edge of the basin is a proposed TRM lined trapezoidal roadside ditch
that conveys the combined runoff from Design Point 6 and Basin D2. The
roadside ditch starts at the Type 5 Embankment Protector described in Basin Dl,
slopes from south to north at 0.5%, and outfalls into an existing grate inlet
located at Design Point 7. The capacity of the south end of the roadside ditch, at
the outfall to Design Point 6, will be exceeded by 0.05’ in the 100-year storm and
could result in some ponding on the shoulder and auxiliary lane. This condition is
caused by the limited fall from the existing low point in Powers Blvd to the
existing grate inlet at Design Point 7. The roadside ditch quickly increases in
depth moving from south to north and therefore minimizes the area exceeding
design capacity. Design Point 7 combines runoff from Basins Dl, D2, D3, D4
and D5.

• Basin D3 is 1.48 acres and includes the west half of Powers Blvd from north of
Basin Dl, extending north to the intersection of Barnes Rd and Powers Blvd.
Runoff will be conveyed south via proposed curb and gutter to the Type 5
Embankment Protector located at Design Point 6 and previously described in
Basin Dl. Additional runoff from Basin D5 bypass flows (Q103.65 cfs, Q100=8.22
cfs) will also enter the north end of this basin. The spread for the 10-year storm
is 15.41’ and will encroach into the auxiliary lane. Also, the 100-year storm
spread is 19.75’ and will encroach 3.75’ into the travel lane. With the installation
of the Type 5 Embankment Projector at the northern limits to this basin, the
runoff will be reduced from existing conditions. Basin D3 does not meet CDOT’s
standards for spread width, but was deemed appropriate by CDOT based on the
same reasoning as described in Basin Cl.

• Basin D4 is 0.53 acres and includes a small sliver behind the curb line on the
west side of Powers Blvd. The western edge of the basin starts roughly 200’
west of the intersection of Barnes Rd and Powers Blvd and extends south to the
existing grate inlet located at Design Point 7. Runoff for this basin is conveyed
from north to south via a proposed TRM lined trapezoidal swale sloped at 1-6%.
Additional runoff from Basin D5 (Q10=2.15 cfs, Q100=2.98 cfs), captured by the
Type 5 Embankment Protector and later described in Basin D5, will enter into the
north end of this basin.

• Basin D5 is 3.71 acres and includes the south half of Barnes Rd from the
intersection of Barnes Rd and Powers Blvd west to the highpoint in Barnes Rd
near Solar Ridge Dr. The roadway slopes from west to east at slopes ranging
from 1.5-10%. Runoff is conveyed via curb and gutter to the proposed Type 5
Embankment Protector located at the southwest corner of Barnes Rd and
Powers Blvd. The Embankment Protector has a captured flow of (Q10=2.15 cfs,
Q100=2.98 cfs) that is conveyed south to Basin D4. The bypass flow (Q10=3.65
cfs, Q100=8.22 cfs) continues east into Basin D3.

d FELSBURG( HOLT &
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• Basin El is 2.43 acres in size and includes the eastern half of Powers Blvd from
Barnes Rd north 1100’. The western edge of the basin follows the center line of
the median and the eastern edge generally follows the ROW line. The basin
slopes from north to south at 3-7% and flows south into an existing Type C Grate
Inlet located at Design Point 2. Runoff is conveyed via a proposed TRM lined
trapezoidal roadside ditch on the north end of the basin into an existing riprap
lined v-swale.

• Basin E2 is 5.55 acres in size, due north of Basin El, is similarly shaped, and
extends north to the highpoint in Powers Blvd. The basin slopes from north to
south at 1.5-7% and flows south into Basin El. Starting on the north end of the
basin, runoff is conveyed south via an existing grass lined v-swale, existing riprap
lined v-swale, proposed curb and gutter, and then a proposed TRM lined
trapezoidal roadside ditch. The spread in the curb and gutter section for the 10-
year storm is 11.82’ and the 100-year storm is 15.43’. Both storms will encroach
into the acceleration lane. Basin E2 does not meet CDOT’s standards for spread
width, but was deemed appropriate by CDOT based on the same reasoning as
described in Basin Cl.

• Basin Fl is 9.72 acres in size and includes a portion of the western half of
Powers Blvd from the highpoint between Barnes Rd and Stetson Hills Blvd, north
800’. The western portion of the basin includes a portion of the High Chaparral
Open Space and the eastern boundary follows the median island in Powers Blvd.
The basin slopes from west to east at roughly 10% until reaching a roadside ditch
along the west edge of Powers Blvd. The roadside ditch conveys drainage from
south to north at a slope of 0.7-3%. The southern half of the ditch is an existing
grass lined v-swale that will convey runoff north into a proposed TRM lined
trapezoidal ditch. Drainage will continue north into Basin F2.

• Basin F2 is 6.16 acres in size and north of Basin Fl. The basin slopes from west
to east at 10% until reaching a roadside ditch along the west edge of Powers
Blvd. Basin Fl flows combine with Basin F2 runoff and are conveyed north via a
proposed TRM lined trapezoidal roadside ditch at 2-3%. The runoff routes to a
few existing Type C grate inlets located at Design Point 3.

• Basin Gi is 5.93 acres in size and mostly includes a large undeveloped area
west of Powers Blvd and north of Stetson Hills Blvd. This area is comprised of
mostly rangeland with a small portion of a parking lot and a single family home.
The basin slopes from northwest to southeast are roughly 10%. Runoff travels
overland via sheet flow and shallow swales until reaching an existing riprap lined
swale near the southern basin limits. At this swale, the basin combines with
flows from Basin G2 and routes south into a 58”x36” CMP arch pipe located at
Design Point 4.

• Basin G2 is 8.07 acres in size, immediately north of Basin G1, and extends north
to the highpoint in Powers Blvd. The basin is bound on the west by two large lot
residential home sites and on the east by the median in Powers Blvd.
Topography slopes from west to east at 20% into a proposed TRM lined
trapezoidal roadside ditch along the west edge of Powers Blvd. The roadside
ditch conveys runoff from north to south into Basin Gl at slopes of 0.6-5%.

4 FELSBURG( 1-IOLT &
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• Basin HI is 2.18 acres in size and includes the eastern half of Powers Blvd from
Stetson Hills Blvd north 900’. The western edge of the basin follows the center
line of the median and the eastern edge generally follows the ROW line. The
basin slopes from north to south at 3-6% and flows south into an existing Type C
grate inlet located at Design Point 5. The runoff is conveyed via a combination of
proposed TRM lined v-swale at the northern extents and a TRM lined trapezoidal
roadside ditch for the remaining southern portion.

• Basin H2 is 1.88 acres, due north of Basin Hi, is similarly shaped, and extends
north to the highpoint in Powers Blvd. The basin slopes from north to south at 1-
4% and flows south into Basin Hi via a proposed TRM lined v-swale roadside
ditch.

3. DRAINAGE DESIGN CRITERIA

The Rational Method was used to estimate storm water runoff anticipated from design storms
with 10-year and 100-year recurrence intervals. The design storms were calculated using a mix
of the City of Colorado Springs\El Paso County Drainage Criteria Manual and Urban Drainage
and Flood Control District’s Urban Storm Drainage Criteria Manual. Hydraulic calculations were
performed on the proposed roadside ditches, Type 5 Embankment Protectors, and curb and
gutter sections using Bentley FlowMaster. Turf Reinforcement Mats were analyzed for shear
stress using ErosionWorks by American Excelsior Company. ErosionWorks output for the worst
case, highest flow with steepest slope, TRM application has been included in Appendix C

4. PERMANENT BEST MANAGEMENT PRACTICES

See the Final Water Quality Letter for State Highway No. 21, prepared by Felsburg Holt &
Ullevig, dated June 25, 2014 for information on permanent BMPs, water quality maps, and
forms.
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APPENDIX A FEMA FLOODPLAIN MAPS
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Cross Section for DP-1

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.03000 ft/ft

Normal Depth 0.70 ft

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

Right Side Slope 4.00 ftift (H:V)

Bottom Width 4.00 ft

Discharge 21.60 ft3/s

Cross Section Image

_________

of

4.00ff I

V: I
H: 1

Bentley Systems, Inc. Haestad Methods SbhtetIaster V81 (SELECTseries 1) [08.11.01.031
71812014 5:12:08 PM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Cross Section for Basin B1-lOOyr

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.03000 ft/ft

Normal Depth 0.50 ft

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

Right Side Slope 4.00 ftift (H:V)

Bottom Width 4.00 ft

Discharge 11.40 ft3/s

Cross Section Image

,-

0.SOft

I 400ft I

V:1
H: 1

Bentley Systems, Inc. Haestad Methods Scbkt.*aster V81 (SELECTseries 1) (08.11.01.031
71812014 5:14:06 PM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Spread for Basin B2-lOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.00500 ftlft

Discharge 2.40 ft3/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftift

Road Cross Slope 0.02 ftift

Spread 10.40 ft

Roughness Coefficient 0.016

Cross Section Image

I 10.40ff I

V: I
H: I

Bentley Systems, Inc. Haestad Methods Scmkte*Iaster V81 (SELECTserIes 1) [08.11.01.03]

71912014 10:44:48 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Spread for Basin B2-1 OOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.00500 ft/ft

Discharge 4.10 ft3/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftjft

Road Cross Slope 0.02 ftift

Spread 13.14 ft

Roughness Coefficient 0.016

Cross Section Image

L
I 13.14ff

V: 1

H: 1

Bentley Systems, Inc. Haestad Methods Scbk1aster V8I (SELECTseries 1) L08.11.O1.03]
7/912014 10:46:17 AM 27 Slemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203455-1666 Page 1 of



Cross Section for Basin B2-lOOyr

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.00500 ft/ft

Normal Depth 0.47 ft

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

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

Bottom Width 4.00 ft

Discharge 4.10 ft3/s

Cross Section Image

-

0.47ft

________

-I

I I

H: 1

Bentley Systems, Inc. Haestad Methods V81 (SELECTseries 1) [08.11.01.031
71812014 5:15:19 PM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Cross Section for Basin CI-lOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.03000 ft/ft

Discharge 12.20 ft3Is

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ft/ft

Road Cross Slope 0.02 ftift

Spread 14.26 ft

Roughness Coefficient 0.016

Cross Section Image

I 0j.

I 14.28ft I

‘1:1
H: 1

Bentley Systems, Inc. Haestad Methods V81 (SELECT5er1e5 1) [08.11.01.03)

71812014 5:16:11 PM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203.755-1666 Page 1 of



Cross Section for Basin C1-lOOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.03000 ftift

Discharge 28.80 ft3/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftift

Road Cross Slope 0.02 ftlft

Spread 20.17 ft

Roughness Coefficient 0.016

Cross Section Image

I 20.17ft I

V:i

H: 1

Bentley Systems, Inc. Haestad Methods Sb1ldnv1aster V81 (SELECTseries 1) [08.11.01.03)

71812014 5:16:56 PM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Spread for Basin DI-lOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.00700 ft/ft

Discharge 3.10 fVfs

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftift

Road Cross Slope 0.02 ft/ft

Spread 10.82 ft

Roughness Coefficient 0.016

Cross Section Image

I 0.

I 10.82ff I

V:i

H: 1

8entley Systems, Inc. Haestad Methods S bklIasterV8I (SELECTserIes 1) [08.11.01.031
71912014 10:55:05 AM 27 Slemons Company Drive SuIte 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Spread for Basin D1-lOOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.00700 ft/ft

Discharge 7.90 ft3/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftjft

Road Cross Slope 0.02 ftJft

Spread 16.08 ft

Roughness Coefficient 0.016

Cross Section Image

L
I 1608ft

I
I
I
I V:i

j H:i

I
J
J
J
J

Bentley Systems, Inc. Kaestad Methods SbktIaster V81 (SELECTser1es 1) [08.11.01.031

j
71912014 10:53:42 AM 27 Slemons Company Drive Suite 200W Watertown, CT 06795 USA +1.203-755.1666 Page 1 of

]



Type 5 Embankment Protector Capacity @ DP-6

Project Description

Friction Method Manning Formula

Solve For Discharge

Enput Data

Roughness Coefficient 0.0 16

Channel Slope 0.10000 ft/ft

Normal Depth 0.50 ft

Bottom Width 5.00 ft

Discharge 40.96 ft3/s

Cross Section Image

T
0.50ff

I

I I

I
I

V:i

]
J
J
I
J
J ..

Bentley Systems, Inc. Haestad Methods Sbldiaster V81 (SELECTserIes 1) L08.11.O1.031

j
71912014 10:57:10 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of
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Cross Section for Basin D2 © Design Point 6-lOOyr

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.00500 ftJft

Normal Depth 1.05 ft

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

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

Bottom Width 4.00 ft

Discharge 20.00 ft3/s

Cross Section Image

______—

4.OOft

V:l

H: 1

Bentley Systems, Inc. Haestad Methods Scbjhtaster V81 (SELECT5erIes 1) 108.11.01.031
7/912014 10:59:30 AM 27 Slemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Cross Section for Basin D2 © Design Point 7-lOOyr

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.00500 ft/ft

Normal Depth 1.33 ft

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

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

Bottom Width 4.00 ft

Discharge 32.80 ft3/s

Cross Section Image

4.OOft

V:1

H: 1

J — -———-—

Bentley Systems, Inc. Haestad Methods SbktMaster V8l (SELECTseries 1) [08.11.01.031

J 71912014 11:00:59 AM 27 Slemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of

J



Spread for Basin D3-lOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.00800 ftift

Discharge 7.60 ft3/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ft/ft

Road Cross Slope 0.02 ft/ft

Spread 15.41 ft

Roughness Coefficient 0.0 16

Cross Section Image

1 L
J I
I
I
J
1 V:l

J

I
J
.1
I
I

Bentley Systems, Inc. Haestad Methods SbkteMaster V8I (SELECT5er1es 1) [08.11.01.031

j
71912014 11:03:02 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of

I



Spread for Basin 03-1 OOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.00800 ft/ft

Discharge 14.10 ft3ls

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftjft

Road Cross Slope 0.02 ftift

Spread 19.75 ft

Roughness Coefficient 0.016

Cross Section Image

U

I 19.76ft

V: 1
H: 1

Bentley Systems, Inc. Kaestad Methods V81 (SELECTseries 1) (08.11.01.03]
7/912014 11:04:24 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Cross Section for Basin D4-i OOyr

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.03000 ft/ft

Normal Depth 0.27 ft

Left Side Slope 4.00 ftJft (H:V)

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

Bottom Width 4.00 ft

Discharge 3.80 ft3/s

Cross Section Image

I 4.OOft I

I-f:

Bentley Systems, Inc. Haestad Methods Sbht.v1aster V81 (SEL.ECTseries 1) [08.11.01.03]
71912014 11:05:58 AM 27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203.755-1666 Page 1 of



Embankment Protector for Basin D5-lOyr

Project Description

Solve For Efficiency

Input Data

Discharge 5.80 ft3/s

Slope 0.00800 ft/ft

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ft/ft

Road Cross Slope 0.02 ftift

Roughness Coefficient 0.016

Curb Opening Length 5.00 ft

Local Depression 0.00 in

Local Depression Width 2.00 ft

Results

Efficiency 37.08 %

Intercepted Flow 2.15 ft3/s

Bypass Flow 3.65 ft3/s

Spread 13.78 ft

Depth 0.40 ft

Flow Area 2.02 ft2

Gutter Depression 0.13 ft

Total Depression 0.13 ft

Velocity 2.87 Ws

Equivalent Cross Slope 0.047 18 ft/ft

Length Factor 0.23

Total Interception Length 22.03 ft

Bentley Systems, Inc. Haestad Methods Scb1h1*1aster V81(SELECTseries 1) [08.11.O1.03j

71912014 11:11:58 AM 27 Slemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Embankment Protector for Basin D5-lOOyr

Project Description

Solve For Efficiency

Input Data

Discharge 11.20 ft3/s

Slope 0.00800 ftjft

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftift

Road Cross Slope 0.02 ftift

Roughness Coefficient 0.016

Curb Opening Length 5.00 ft

Local Depression 0.00 in

Local Depression Width 2.00 ft

Results

Efficiency 26.59 %

Intercepted Flow 2.98 ft3/s

Bypass Flow 8.22 ft3/s

Spread 18.02 ft

Depth 0.49 ft

Flow Area 3.37 ft2

Gutter Depression 0.13 ft

Total Depression 0.13 ft

Velocity 3.32 ft/s

Equivalent Cross Slope 0.04079 ft/ft

Length Factor 0.16

Total Interception Length 31.69 ft

Bentley Systems, Inc. Haestad Methods SbktMaster V81(SELECTserIes 1) [08.11.01.031
71912014 11:13:43 AM 27 Slemons Company Drive SuIte 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Cross Section for DP-2

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.05000 ftJft

Normal Depth 0.68 ft

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

Right Side Slope 4.00 ftlft (H:V)

Bottom Width 4.00 ft

Discharge 26.30 ft3Is

Cross Section Image

__________

of

I °° I

V:1 S
H: 1

Bentley Systems, Inc. Haest.ad Methods Scthhtn*aster V81 (SELECTseries 1) [08.11.01.031
71912014 11:14:49 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1 666 Page 1 of



Spread for Basin E2-1 Oyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.06000 ftjft

Discharge 11.10 ft3/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftJft

Road Cross Slope 0.02 ftift

Spread 11.82 ft

Roughness Coefficient 0.016

Cross Section Image

L
I 11.82ff

V: I S
H: I

Bentley Systems, Inc. Haestad Methods V8i (SELECTseries 1) [08.11.01.03]

7191201411:18:21 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Spread for Basin E2-lOOyr

Project Description

Solve For Spread

Input Data

Channel Slope 0.06000 ft/ft

Discharge 20.90 ft3/s

Gutter Width 2.00 ft

Gutter Cross Slope 0.08 ftift

Road Cross Slope 0.02 ft/ft

Spread 15.43 ft

Roughness Coefficient 0.016

Cross Section Image

L
I 15.43f1

V: I
H: 1

Bentley Systems, Inc. Haestad Methods Scktet1aster V8I (SELECTseries 1) [08.11.01.03]

71912014 ii :19:23 AM 27 Slemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Cross Section for DP-3

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.03500 ft/ft

Normal Depth 0.92 ft

Left Side Slope 4.00 ftJft (H:V)

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

Bottom Width 4.00 ft

Discharge 40.50 Wfs

Cross Section Image

________

o.

4.OOft I

V:1
H: 1

Bentley Systems, Inc. Haestad Methods St.hfv1aster V81 (SELECTserIes 1) [08.11.01.031
71912014 11:20:13 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1.203-755.1666 Page 1 of



Cross Section for DP-4

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.04800 ft/ft

Normal Depth 0.89 ft

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

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

Bottom Width 4.00 ft

Discharge 44.20 ft3/s

Cross Section Image

4.OOft I

V:i
H: 1

Bentley Systems, Inc. Haestad Methods V8i (SELECTseries 1) [08.11.01.03]

71912014 11:24:25 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203.755-1666 Page 1 of



Cross Section for DP-5

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0035

Channel Slope 004300 ftift

Normal Depth 0.54 ft

Left Side Slope 4.00 ftJft (H:V)

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

Bottom Width 4.00 ft

Discharge 15.80 ft3/s

Cross Section Image

-,-

0.54 ft

I 4.OOft I

V:1
H: 1

Bentley Systems, Inc. Haestad Methods SbkMaster V81 (SELECTserIe5 1)108.11.01.031
71912014 11:25:39 AM 27 Slemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Cross Section for Basin H2-lOOyr

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.021 00 ft/ft

Normal Depth 0.74 ft

Left Side Slope 5.00 ftlft (H:V)

Right Side Slope 5.00 fllft (H:V)

Discharge 8.70 ft3/s

Cross Section Image

V:1
H: I

Bentley Systems, Inc. Haestad Methods SbhtnMaster V81 (SELECTseries 1) [08.11.01.031
7/9/201411:26:53 AM 27 Siemons Company Drive Suite 200W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Trapezoidal Channel Analysis
Project Info

Units of Measurement;

Channel bed slope:

Channel left side slope:

Channel right side slope:

Channel bed Manning’s n-Value:

Channel left Manning’s n-Value:

Channel right Manning’s n-Value:

Channel bottom vidth:

Design discharge:

Bend coefficient:

100% Biodegradable Products only:

Desired Product Longevity:

Designer’s Name:

Designer’s Title:

Designer’s Organization;

Project rame:

Project Number:

Project Location (City, State)*:

Project Segment:

Application(s);

Project Description*:

Project Bid Date*:

Project Start Date:

Excelsior
Corn pany®

Earth Science Division

ç) English units SI (metric) units

.05 (ft/It)

4 (H:1V)

4 (H:1V)

.032

.032

.032

H
44.2

:1

Li
Permanent v

Kevan Kuhnel

Engineer

FH U

Povrs

19500

Colorado Springs, Colorado

DP-6 Worst Case

1
1
1
1
1
I
I
I
I
I
I
J
I
I
I
J
J

(It)

(ft’3/sec)

Hydraulic Condition5:

Depth OS4ft

Froude1 1

veloctJ 7 13 ftls

Shear 2 62 lb/It’ 2



1.45031

2.78683

2.54402

2.27 544

1.23815

4.57163

3.80969

3.04775

DOT

Approved
(Colorado)

Yes

Yes

Yes

N/A

Trapezoidal Channel Analysis
Analysis Results

Excelsior
Corn pariy®

Earth Science Division

M (V:. (

Gaod Better Best

R ecyclex TR M -V (Vegetated) Cu rtex Enforcer (Vegetated)

Stability factors less than one are highlighted RED and mean the
material is likely to fail if the calculated hydraulic conditions are encountered.

Product Velocity Shear Stress Functional
Longevity

____

(months)

Curlex Enforcer (Unvegetated) Permanent

Recyci ex TR M (Vegetated) Permanent

Curlex Enforcer (Vegetated) Permanent

R ecycl ex TR M -V (Vegetated) Permanent

I’ll’ ii
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