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CERTIFICATION:
Engineers Statement;

This attachued drainage plan and report for “Bentley Commons™ were prepared under my direction
and supervision and ig correct to the best of my knowledge and belief. Said drainage report has been
prepared according;to the criteria established by the City of Colorado Springs\Ei Paso County for
drainage reports and said report is in canfosmity with the master plan of the Sand Creek Drainage
Basin. Iaccept résponsibility for uny liability caused by any scts, errors of omissions on my part in

preparing fiyis reporl.
ey Sndo oy [570%
Roger G. Bergp, : rofessional Enginder No. 9646

For and on bgha!f ot Ber o-Brawer & Associates, Inc.
LN TTTRE

The developer has read and will comply with all of the tequirements specified in this report and
plan.

TENTLEY LiMTED LiABTY LomPany
Business Name:

By: ﬁé@r—-— ;éi-é":ﬁ' ‘é:'//wz—

Title: ,/;7/4%4:?.@;104 /7{_@»%(4——"

Address: Z& P rAARDEHCH CET

— ot

LNSTLE Roanr., €0 %‘c?zq ¥ T4
City of Colorade Springs;

Filed in accordance with Section 15-3.906 the Code of the City of Colorado Springs, 1980. as
amended.
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LOCATION AND PURPOSI::

“Benlley Commons” is located in the Northwesl Quarter of Section 34, Township 14 South,
Range 66 West of the Sixth P. M, in the City of Colorado Springs, El Paso County,
Colorado. This 7.8 acre site is zoned R-5 (Multi-family Residential) with the Northeasterly
portion having “conditions of record.” The site is proposing to consiruct condominiums
in phases.

The site is bounded on the northeast and southeast by unplatted property. Across FHancock
Expressway to the southwest are “Astrozon Place Sub.” and “Astrozon Place Sub. Fil. No.
2”. Across Sand Creek Drainage Way to the northwest is “Pikes Peak Park Sub. No. 13”.
The project is located in the Sand Creek Drainage Basin,

SITE CHARACTERISTICS:

This site is presently vacant with mostly grasses and few (rees.
SOILS:

The soils in this arca consist of Ellicott loamy coarse sand, 0 to 5% slopes (see enclosed
soils map). Ellicott Soils arc classified as hydrologic group A. A small portion of Off-site
Basin | may extend into Blakeland soil type, also hydrologic group A, designated with an
8 on the soils map.

METTIOD:

This drainage report was prepared in accordance with the lalest revision of the City of
Colorado Springs/Lil Paso County “Drainage Criteria Manual” dated November 1991 and
amended October 1994, Drainage basins were analyzed using the Rational Method to
determince runofY peaks for the 5 year and 100 year storms. The Sand Creek Drainage Basin
Planning Study (DBPS) prepared by Kiowa Engincering Corporation and dated 1995 was
referenced for this project.

EXISTING DRAINAGE:

The project arca drains into the adjacent Sand Creek Drainage Way. An existing concrete
channel, that is located mostly within the site boundary, carries stormwater along Hancock
Expressway and into Sand Creck. Basin A consists of the site, which includes a portion of
the concrete channel. Historic flows for Basin A, established using the current conditions
of the site, are Qs = 4.05 ¢fs/Quy = 10.94 cfs.

Two (2) ofl-site drainage basins enter the project area. Off-site Basin 1 was delineated
using a combination of the USGS Quadrangle map, the Sand Creck DBPS, and the project
contours on the drainage plan. The extent of Off-sitc Basin 1 is shown on the USGS
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Quadrangle map. The stormwater within Off-sile Basin 1 flows through the northerly side
of the Northeast corner of the project. Oll=site Basin 1 historic flows are Qs = 1.36 ¢{$/Q g0
= 3.40 cls. The stormwalter within Off-site Basin 2 flows through the casterly side of the

Northeast corner of the project. Ofi-site Basin 2 historic flows are Qs = 0.30 ¢fs/Qyq =
0.74 cfs.

The existing concrete channel’s drainage basins were analyzed in the "Addenda to Drainage
Report and Plan, Astrozon Plaza Subdivision” (Astrozon Study) prepared by Leigh
Whitehead & Associates dated Sept. 1985. The Astrozon Study sized a culvert to pass the
100 year storm event flowing through the existing concrete channel under Astrozon
Bouievard. The study utilized the SCS Method for analysis, no longer used for these sizes
of basins. Enclosed is the Astrozon Study’s analysis using the Rational Method. The 100
year flow into the existing concrele channel prior to flowing on-site is currently 361.56 cfs,
and is expected to be 517.62 ¢fs under developed conditions.

The Astrozon Study’s stormwater runoff areas to the existing concrete channel were
confirmed with current topography. Enclosed is a copy of a Facilities Information
Management System (IFIMS) map with basin overlay from the Astrozon Study. Basin
boundaries were adjusted as necessary from the original Astrozon Study. The North system
was constructed across Academy Boulevard, across Astrozon Boulevard and to Sand Creek.
In addition, a riprap channel was constructed from Jet Wing Drive to the North system’s
entrance. According 1o the DBPS, the riprap channel has a Qg0 = 110 cfs and the North
system’s cntrancc has a pipe capacity of Qg = 150 ¢fs. The additional rescarch and
analysis of the existing concrete channel demonstrated that the channel will pass a 100 year
storm event.

The existing concrete channel flows into an cxisting 58" CMP prior to discharge into the
creek. The 58” pipe has the capacity to pass 470.62 cfs, however, due to inlet/outlet control
the pipe will discharge 136.36 cfs in the 100 year storm event. Under existing conditions,
the existing pipe is expected to discharge 136.36 cfs of the 100 year storm event and
overflow the remaining amount, 225.20 cfs, to the existing riprap area. The overflow
during the peak of the 100 year storm event will flow Northwesterly through the existing
riprap to the creek.

Existing D-10-R curb-opening inlets exist along the North line of Hancock Expressway to
the East of the site, as described in this paragraph. On both sides of Boychuk Avenue
{extension into commercial parking area) one 6’ D-10-R exists on each side. Just West of
the Academy Boulevard access (prior to the intersection of Hancock and Academy), an 8
D-10-R exists. To the East of the Academy Boulevard and its access drives, a 15’ D-10-R
exists. Continuing East along Hancock, two more 15” D-10-Rs exist prior to Jet Wing
Drive. Just to the East of the intersection of Jet Wing and Hancock, an existing channel
crosses under Hancock Expressway.
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PROPOSED DRAINAGE:

Basin A developed flows, Qs = 14.71 ¢fs/Qo0 = 33.11 cfs. are based upon the developed
conditions. Stormwater from Basin A was split into three sub-basins for outlet sizing. Sub-
basins A1 and A2 arc proposed to outlall into the creck by way of inlets and piping at a 45°
angle downstream (above the 100 year floodplain elevation), onto proposed riprap on top of
the soil over the 100 year riprap lining in the creck banks. The access drive and parking
areas on-site will be constructed with curb and gutter. The curb and gutter will help convey
stormwater from Basin A to low points adjacent to the creek. The future shared access to
Astrozon Boulevard will not be a part of this project.

Sub-basin Al is expected to generate Qs = 3.90 cfs/ Qp = 8.48 cfs. At the low point of the
parking area of Sub-basin Al, adjacent to the creek, a 77 D-10-R is proposed to intercept
the 100 year storm event. The outfall for the 7 D-10-R inlet will be through proposed 24”
CMP and onto riprap. Sub-basin A2 is expected Lo generate Qs = 6.87 cls/ Qg0 = 15.45 cfs.

At the low point of the parking area of Sub-basin A2, adjacent to the creek, an 8’ D-10-R is
proposed. The outtall for the 87 D-10-R inlet will be through proposed 24 CMP and onto
riprap to intercept the 5 year storm event. 100 year storm event overflow was provided for
the 8’ D-10-R within a proposed swale. Off-site Basin 1 and 2 stormwater was included for
the Sub-basin A2 outlet. Sub-basin A3 is expeeted to generate Qs = 6.92 efs/ Q0 = 3.24
cfs. Sub-basin A3 will discharge into a proposed swale along the proposed concrete fence.
The proposed swales will have 4:1 (1:V) side slopes and outfall into the creek with
proposed riprap on the bank. The proposed swales were sized for conveyance of the 100
year storm event. To be conservative, the small area of Off-site Basin 1 entering Sub-basin
Al was added to the area of the Sub-basin prior to calculating runoff. To be conservative
with Sub-basin A2, the entire Off-site Basin 1 was added to the runoff of the Sub-basin,
even though one small area of Off-site Basin 1 is not expected to drain into the Sub-basin.

The site’s access drive off of Hancock Expressway will cross over 4 proposed 7°X2.5” box
culverts. A transition will be constructed from the existing concrete channel to the box
culverts on both ends. The culverts were designed to pass the 100 year storm event under
the access drive.

Channel improvements are being proposcd in accordance with the Sand Creek DBPS. Two
erosion control checks are being proposed across the width of the creek, as proposed in the
DBPS. The details on the enclosed Sand Creek Improvements plan and profile sheet were
duplicated from the DBPS details. The side slopes of the creck along the site are being
proposed to contain 100 ycar storm ¢vent riprap.

In the existing channel, prior to discharge into the existing pipe, the City suggested removal
ol the existing asphalt o provide positive flow toward the creek in the 100 year storm. The
Cross-section “For City” was provided along this alignment, as requested by the City.
Along this aligniment, a stope of 4™ per foot (2%) toward the creek is proposed. The area
adjacent to the alignment will also be regraded to provide positive flow toward the creek.



FLOODPLAIN STATEMENT:

This site is located on Map No. 08041C0O742 T of the Federal Emergency Management
Agency’s Flood Insurance Rate Map (FEMA FIRM) dated March 17, 1997. A very small
portion of the site in the North corner is located within the 100 year floodplain (Zone AE).
Through lineal interpolation between the creek cross-sections, the Zone AE 100 year
floodplain elevation would be 5881.8+ in that North corner of the site. Two (2) different
arcas of Zone X are located on the site. Part of the site was determined to be in the Zone X
outside of the 500 year floodplain. The other Zone X area is labeled in the drainage plan as
Zone X loodplain. This Zone X floodplain is believed to be an area of 100 year flood with
average depths of less than 1 foot, as stated in the FEMA FIRM legend. The base floor
clevations for the proposed buildings will be a minimum of 1’ above the 100 year
floodplain elevation. See the drainage plan for the proposed first floor (FF) elevations of
the buildings. The proposed retaining walls along the creek bank will be above the 100
year developed flowrate specified in the DBPS. After the proposed Sand Creek
improvements, the floodplain will be confined within the channel. A Floodplain
Devclopment Permit will be acquired prior to the commencement of construction within
the Sand Creck Drainage Way 100 year floodplain.

DRAINAGIE IMPROVEMENTS:

The following public drainage improvements for this project will be required as a result of

this development:

7°X2.5" box culvert — 4 qly. - 61 LT ea. @ $180/L.F $ 43.920.00
Concrete channel transition — 56 CY @ $200/CY $ 11,200.00

2 qty. - Concrete erosion control check — 87 CY total @ $200/CY  $ 17,400.00
Riprap erosion control check, Type ‘H’ — 865 CY @ $44/CY $ 38,060.00
Riprap 100 yr lining, Type ‘L’ to ‘IT’ — 1,960 CY @ $44/CY $ 86,240.00

4 qty. - Riprap for outfalls — 5 CY ea. @$35/CY $ 700.00
I’ wide chase — 1 gty. @ $2,000 ca. $ 2,000.00
7" D-10-R - 1 qty. @ $3,000 ea. $ 3,000.00
& D-10-R — I qty. @ $3,000 ca. $ 3,000.00
24" CMP - 98 LF @ $30/LF $ 2.940.00

Sub-Total $208.460.00
15% Contingencies $ 31.269.00

TOTAL $239.729.00



FEES:
Sand Creck Drainage Fees:

7.8 acres @ $6,915/acre $53,937.00
Sand Creek Bridge Fees:

7.8 acres (@ $412/acre $3,213.60
Sand Creek Pond Fees (Land):

7.8 acres (@ $448/acre ' $3,494.40
Sand Creek Pond F'ees (Facility):

7.8 acres (@ $1,543/acre $12,035.40

EROSION CONTROL.:

Crosion control in conformance with an approved Grading and Erosion Control Plan will be
installed during the construction phase of this development. The stormwater will be safely
conveyed to Sand Creek through the site and by adequate outfalls. Construction of the
proposed drainage and erosion control facilities will ensure that this subdivision will not
adversely affect downstream or surrounding areas,



REFERENCES
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City of Colorado Springs/Iil Paso County Drainage Criteria Manual dated
November 1991,

“Soil Survey lor El Paso County Area,” USDA Soil Conservation Service.

Sand Creek Drainage Basin Planning Study (DBPS) prepared by Kiowa
Engineering Corp. dated 1995.

"Drainage Report & Plan, Astrozon Plaza Subdivision" prepared by Leigh
Whitehead & Associates dated Nov. 1984,

"Addenda to Drainage Reporl and Plan, Astrozon Plaza Subdivision"
prepared by Leigh Whitchead & Associates dated Sept. 1985.



Hydrograph Summary Report Page 1

RNSIL G - |

Hyd. | Hydrograph| Peak Time Time to | Volume Return Inflow Maximum | Maximum Hydrograph
No. type flow interval peak period hyd(s) elevation storage description
{origin) {cfs) {min) (min) (cuft) {yrs) {ft) (cuft)
1 Rational 10.94 1 34 22,321 100 - R — Basin A current
2 Rational 4.05 1 38 9,236 5 et B R Basin A current
} 3 Rational 331 1 15 25,802 100 -—-- wmaene B Basin A developed
4 Rational 14.71 1 17 15,006 5 e —— - Basin A developed
-I 5 Rational 5.95 1 22 7,859 100 -eee - - Off-site Basin 1
6 Rational 2.27 1 23 3,138 5 o ————— —————— Off-site Basin 1
-l 7 Rational 1.29 1 15 1,165 100 - i BEESS Off-site Basin 2
8 Rational 0.49 1 16 475 5 e - ——— Off-site Basin 2
9 Rational 8.48 1 10 5,086 100 -—- e Sub-basin A1
—i 10 Rational 3.90 1 11 2,576 5 e e ——— Sub-basin A1
11 Rational 15.45 1 15 13,907 100 - — oo Sub-basin A2
] 12 Rational 6.87 1 17 7,003 5 - —— e Sub-basin A2
13 Raticnal 6.92 1 5 2,076 100 —- e ———— Sub-basin A3
'I 14 | Rational 3.24 1 6 1,165 5 - S— e Sub-basin A3
]
J
]
]
]
j Proj. file: 010367-Q.GPW IDF file: colorado.IDF Run date: 09-05-2002
J




Bentley Condominium

Storm Water Intensity

Hydrograph BPescription Return | Area C Intensity
No. Period | (acre) (in/hr)
(years)
| Basin A — current 100 7.8 (.36 3.90
2 Basin A — current 5 7.8 0.26 2.00
3 Basin A — developed 100 7.8 0.70 6.06
4 Basin A — developed 5 7.8 0.60 3.14
5 Off-site Basin | - historic 100 3.4 0.20 5.00
6 Off-site Basin | — historic 5 34 0.15 2.68
7 Off-site Basin 2 — historic 100 0.05 0.35 6.06
8 Ofl-site Basin 2 - historic 5 0.05 0.25 3.24
9 Sub-basin Al - developed 100 1.68 0.35 7.21
10 Sub-basin Al - developed 5 1.68 0.25 3.87
11 Sub-basin A2 - developed 100 3.64 0.35 6.06
12 Sub-basin A2 - developed 5 3.64 0.25 3.14
13 Sub-basin A3 — developed 100 1.10 0.35 8.98
14 Sub-basin A3 — developed 5 1.10 0.25 4.90




Hydrograph Summary Report

Page 1

Hyd. | Hydrograph| Peak Time Time to

No. type flow interval peak
{origin) {cfs) (min) {min)

1 Rational 201.47 1 14

2 Rational 99.05 1 14

3 Rational 184.68 1 14

4 Rational 86.67 1 14

5 Rational 374.31 1 21

6 Rational 202.99 1 21

7 Rational 304.38 1 21

8 Rational 157.88 1 21

9 Raticnal 91.84 1 11

10 Rational 51.22 1 11

11 Rational 22.50 1 28

12 Rational 8.62 1 29

Volume

{cuft)

169,233
83,203
155,130
72,803
471,625
255,765
383,519
198,928
60,612
33,805
37,796

15,001

Return
period
{yrs)

Inflow
hyd(s)

Maximum
elevation

()

Maximum
storage
{cuft)

Hydrograph
description

Basins 1 & 2a dev
Basins 1 & 2a dev
Basins 1 & 2a ex
Basins 1 & 2a ex
Basins 2 to 8 dev
Basins 2 to 8 dev
Basins 2 to 8 ex
Basins 2 10 8 ex
Off-site Basin 3 dev
Off-site Basin 3 dev
Off-site Basin 3 ex

Off-site Basin 3 e¥.

Proj. file: 010367-Astrozon-Stud}

y.GPWfile: colorado.IDF

Run date: 09-04-2002
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Astrozon Study

Storm Water Intensity

Hydrograph Description Return | Area C Intensity
No. Period | (acre) (in/hr)
{years)
1 Basins | & 2a developed 100 44.7 0.72 6.26
2 Basins | & 2a developed 5 44.7 0.64 3.46
3 BBasins | & 2a existing 100 447 0.66 6.26
4 Basins 1 & 2a existing 5 44.7 0.56 3.46
5 Basins 2 to 8 developed 100 80.2 0.91 5.13
6 Basins 2 to § developed 5 80.2 0.90 2.81
7 Basins 2 1o 8 exisling 100 80.2 0.74 5.13
8 Basins 2 to 8 existing 5 80.2 0.70 2.81
9 Off-site Basin 3 developed 100 14.7 0.90 6.94
10 Off-sit¢ Basin 3 developed 5 14.7 0.90 3.87
11 Ofl-site Basin 3 existing 100 14.7 0.35 4.37
12 Ofi-site Basin 3 existing 5 14.7 0.25 2.35
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Existing Concrete Channel Flow

Prior to Flowing On-site — Existing Condition

Description Unadjusted Qyp* (cfs) Qo (cfs)
Astrozon Study Basins 1 & 2a 184.68 34.68
Astrozon Study Basins 2 (o 8 304.38

Off-site Basin 3 historic 22.50
Total 361.56

Prior to Flowing On-site — Developed Condition

Description Unadjusted Qqpo* (efs) Qyop (cfs)
Astrozon Study Basins | & 2a 20147 51.47
Astrozon Study Basins 2 1o § 374.31

Off-site Basin 3 developed 91.84
Total 517.62

* The North Basin’s (Basins 1 & 2a) Qg less the Qcap 0f 150 cfs (for the North System’s existing pipe to
Sand Creek) was included in the total flow as bypass.
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Solve For: Headwater Elevation

Culvert Calculator Report

Proposed Culverts - Existing Condition

Culvert Summary

Allowable HW Elevation 432 ft Headwater Depth/Helght 1.10
Computed Headwater Elevation 2.90 ft Discharge 361.66 cfs
Inlet Control HW Elev. 2.86 ft Tailwater Elevation 1.59 ft
Outlet Control HW Elev. 2.90 ft Controt Type Qutlet Control
Grades

Upstream Invert 0.14 fi Downstream Invert 0.00 ft
Length 5451 #t Constructed Slope 0.002500 fi/ft
Hydraulic Profile

Profile M2 Depth, Downstream 173 ft
Slope Type Mild Normal Depth 1.95 fi
Flow Regime Subcritical Critical Depth 1.73 ft
Velocily Downstream 7.46 fus Critical Slope 0.003505 ft/ft
Section

Section Shape Box Mannings Coefficient 0013
Section Matenal Concrete Span 7.00 ft
Section Size 7x251 Rise 2.50 ft
Number Sections 4

Outlet Control Properties

Oullet Control HW Elev. 290 1t Upstream Velocily Head 0.72 ft
Ke 0.20 Entrance Loss 0.14 ft
Intet Control Properties

Inlet Control HW Elev. 286 fi Flow Control Unsubmerged
Inlet Type 90° headwall w 45° bevels Area Full 70.0 i
K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

Wserverwork\dd2i\proj\010367\dwgi010367-g.cvm
09/13/02 11:0529 AM  © Haestad Methods, Inc

Berge-Brewer & Associates
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Berge-Brewer & Associates

+1-203-755-1666

CulvertMaster v2.0 [2 005]
Page 1 of 1
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Culvert Calculator Report
Proposed Culverts - Developed Condition

Solve For: Headwalter Elevation

Culvert Summary

Allowable HW Elevation 4.32 fi Headwaler Depth/Height 1.51
Computed Headwater Elevation 390 i Discharge 517.62 cfs
Inlet Control HW Elev 390 h Tailwater Elevallon 1.99 #
Qutlet Control HW Elev 364 ft Conlrol Type Inlet Control
Grades

Upstream Invert 0.14 ft Downstream |nvert 0.00 ft
Length 54.51 ft Constructed Slope 0.002500 fi/ft

Hydraulic Profile

Profile M2 Depth, Downstream 2.20 ft
Slope Type Mild Nermal Depth N/A ft
Fiow Regime Subcritical Critical Depth 220 ft
Velocity Downstream 8.41 s Critical Slope 0.003627 fi/ft
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 7.00 ft
Section Size 7x25f Rise 250
Number Sections 4

Outlet Control Properties

Outlet Control HW Elev. 3.64 1t Upstream Velocity Head 091 R/
Ke 0.20 Entrance Loss 0.18 ft

Inlet Control Properties

Inlet Control HW Elev. 3.90 ft Flow Control Submerged
Inlet Type 90° headwall w 45° bevels Area Fuit 700 ft*
K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

» 0.03140 Equation Form 2

Y 0.82000

Project Engineer: Berge-Brewer & Associates
Wserveriwork\dd2iproj\0 10367\dwg\0 10367-q cvm Berge-Brewer & Assoclates CulvertMaster v2.0 {2 005]

09/13/02 11.06:35 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1
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Curb-Opening Inlet in Sump Condition Sizing

Q| l: s 3.0 L| d|I 5

Where:

Qi = capacity of the inlet, cfs;

F = adjustment factor for clogging, 1.25;

L; = length of clear opening, ft (minimum),
d; = depth of water above inlet lip, 0.67 fi for D-10-R

Sub-basin Al:
Q,‘ = Qmo = 8.48 cfs
8.48 cfs (1.25)=3.0 L; (0.67 i)'*

Li=6.4401=7 D-10-R

Sub-basin A2:

Qi = Qs Sub-basin A2 + Qs Off-site Basin 1 and 2 = 6.87 cfs 4 2.27 cfs + 1.29 cfs = 10.43 cfs
10.43 cfs (1.25) = 3.0 L; (0.67 )"

Li=7.92 ft =8 D-10-R
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Worksheet
Worksheet for Circular Channel

Project Description

Worksheel Circutar Channel - Sub-basin A1 outlet to creek

Flow Element Circular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficlent 0.024

Slope 0.610000 fuit

Diameter 24 in

Diacharge 8.48 cfs

Resulls

Depth 1.22 ft

Flow Area 2.0

Wetted Perimeler 359 1t

Top Width 1.95 ft

Critical Depth 1.04 ft

Percent Fuli 61.2 %

Critical Stope 0.016885 fuft

Velocily 4.21 {uUs

Velocity Head 0.28 ft

Specific Energy 1.50 ft

Froude Number 073

Maximum Dischary 13.18 cfs

Discharge Full 12.25 c¢fs

Slope Full 0.004790 fuft

Flow Type Subcriticat

Project Engineer: Berge-Brewer & Associales

\serverwork\dd2i\proj\0 1036 7\dwg\0 10367-q.fm2 Berge-Brewer & Assoclates FlowMaster v&.1 [614n]
11/15/02 02.30:19 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA {203) 755-1668 Page 1 of 1
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Worksheet
Worksheet for Circular Channel

Project Description

Worksheet Circular Channel - Sub-basin A2 oullet to creek

Flow Element Circular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.024

Slope 0.010000 fi/ft

Diameter 24 in

Discharge 10.43 cfs

Resuits

Depth 1.42

Flow Area 2.4 f?

Wetted Perimeter 400 ft

Top Width 182 1

Critical Depth 1.16 ft

Percent Full 709 %

Critical Slope 0.017988 /it

Velocity 438 /s

Velocity Head 030 f

Specific Energy 1.72 1t

Froude Number 0.67

Maximum Discharg 13.18 cfs

Discharge Full 12.25 cfs

Slope Fult 0.007246 fuit

Flow Type Subceritical

Project Engineer: Berge-Brewer & Associates

Wserveriwork¥dd2ivprop\a10367\dwg\010367-q.fm2 Berge-Brewer & Associates FlowMaster v8.1 [614n]
09/17/02 03:18:24 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 USA  (203) 755-1686 Page 1 of 1
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Worksheet for Triangular Channel

Worksheet

Project Descriplion

Worksheet
Flow Element
Method
Solve For

Triangular Channel - Proposed Swale in Sub-basin A2

Triangular Channel
Manning's Formula
Channel Depth

Input Data

Mannings Coefficient
Slope

0.030

0.020000 ft/fit

Left Side Slope 400 H: Vv
Right Side Slope 400 H:V
Discharge 23.67 cis
Results

Depth 112 ft
Flow Area 51 ft?
Wetted Parimeter 0.28 ft
Top Width 0.00 #
Critical Depth 117 fi
Critical Slope 0.016336 fvft
Velocity 468 ft/s
Velocity Head 0.34 ft
Specific Energy 1.46 ft
Froude Number 1.10

Flow Type Supercritical

\\serveriwork\dd2itproj\010367\dwg\010367.q.Im2

09/17/02 04:46:14 PM

®© Haestad Methods, Inc

Berge-Brewer & Associates

37 Brookside Road Walerbury, CT 06708 USA  (203) 755-1666

Project Engineer: Berge-Brewer & Associates

FlowMaster v6.1 [614n)
Page 1 of 1
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Worksheet
Worksheet for Triangular Channel

Project Description

Worksheet Triangular Channel - Proposed Swale in Sub-basin A3
Flow Efement Triangular Channel

Method Manning's Formula

Solve For Channet Depth

Input Data

Mannings Coefficlent 0.030

Project Engineer: Berge-Brewer & Associates

Slope 0.005000 fuft
Left Side Slope 400 H .V
Right Side Slope 400 H:V
Discharge 6.92 cfs
Results
Depth 0.92 f
Flow Area 3.4 fi2
Wetted Perimeter 7.58 fi
Top Width 7.36 ft
Critical Depth 071 il
Critical Slope 0.019246 VR
Velocity 2.04 fit/s
Velocity Head 0.06 ft
Specific Energy 0.58 ft
Froude Number 0.53
Flow Type Subcritical
\server\workidd20proj\0 1036 7\dwg\010367-q.fm2 Berge-Brewer & Associates
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£ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA
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Culvert Calculator Report
Existing 58" CMP

Comments: The tailwater elevation was taken from the Sand Creek DBPS 100 year storm event elevation.

B ey onoad Beswnd el 0 Geidl o el el

| Yrreter

Solve For; Discharge

Culvert Summary

Allowable HW Elevation 587515 ft Headwater Depth/Height 1.18
Computed Headwater Elevation 587515 ft Discharge 136.36 cfs
Inlet Control HW Elev. 5,874 49 ft Tatlwalter Elevation 5,867.00 ft
Outlet Controf HW Elev. 5,875.15 ft Control Type Entrance Control
Grades

Upstream invert 5,869.46 ft Downstream Invert 586591 ft
Length 26.62 ft Constructed Slope 0.133358 ft/fit
Hydraulic Profile

Profile 82 Depth, Downstream 2.08 ft
Slope Type Steep Normal Depth 1.78 it
Flow Regime Supercritical Critical Depth 338 ft
Velocity Downstream 18.00 (/s Crifical Slope 0.016061 fuft
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 483 ft
Section Size 58 inch Rise 483 ft
Number Sections 1

Qutlet Control Properties

Outlet Controt HW Elev. 5,875.15 ft Upstream Velocity Head 1.54 ft
Ke 0.50 Entrance Loss 0.77 ft
Inlet Control Properties

Inlet Control HW Elev. 587449 fi Flow Control Unsubmerged
Inlet Type Headwall Area Full 18.3 ft*
K 0.00780 HDS & Chart 2

M 2.00000 HDS 5 Scale 1

C 0.03790 Equation Form 1

Y 0.69000

Project Engineer: Berge-Brewer & Associales

e
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Worksheet for Circular Channel

Worksheet

Project Description

Worksheet Circular Channel - Ex. 58" CMP
Flow Element Circular Channel
Method Manning's Formula
Solve For Discharge

Input Data

Mannings Coefficient 0.024

Slope 0.133358 fu/ft

Depth 483 ft
Diameter 58 in

Results

Discharge 470.62 cfs

Flow Area 18.3 2

Wetled Perimeter 15.18 #t

Top Width 2.54e-5 ft

Critical Depth 479 ft

Percent Full 100.0 %

Critical Slope 0.123488 it
Velocity 2565 ftis
Velocity Head 10.22 1t

Specific Energy 15.06 ft

Froude Number 0.01

Maximum Discharg 50625 cfs
Discharge Full 470.62 cfs

Slope Full
Flow Type

0.133359 R

Subcriticat

Notes: Per the City, using inleVouttet control (see Culvertmaster software); this is the capacity of the pipe without headwater or taitwater.

Wserverwork\Idd2i\proj\010367kiwg\010367-q9.fm2
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Worksheet
Worksheet for Irregular Channel

Project Description

Worksheet X-sect of Creek @ Cross-section "1" - Currently
Flow Elernent Irregular Channel

Method Manning’s Formuila

Soive For Channel Depth

Input Data

Slope 0.014000 fu/ft

Discharge 13,540.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Metho Improved Lotter's Method

Closed Channel Weighting Meth Horton's Method
Results

Mannings Coefficient 0.031
Water Surface Elevation 5,872.43 ft
Elevation Range 5,867.13 to 5,876.00
Flow Area 880.7 fi*
Welted Parimeter 201.38 ft
Top Width 198.24 ft
Actual Depth 5.30 ft
Crilical Elevalion 587327 1
Critical Stope 0.008055 fy/ft
Velocity 15.37 s
Velocity Head 3.67 #t
Speciflic Energy 5876.11 f1
Froude Number 1.29
Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00 1+14 0.030
1+14 1+40 0.045
1+40 2+13 0.030

Natural Channel Points

Station Elevation
{ft) (m

0+00 5,876.00

0+05 5,874.00

0+10 5,872.00

0+15 5,870.00

0+19 5,888.00

0+22 5,867.28

0+29 5,867.38

0+70 5,867.43

0+86 5,867.64

1+14 5,867.90
Project Engineer: Berge-Brewer & Associates
Wserverwork\dd2i\proj\0 1036 7\dwg\0 10367-q.fm2 Berge-Brewer & Assoclates FlowMaster v6.1 [614n]
1115/02 02:39:51 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA, (203) 755-1666 Page 1 of 2
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Worksheet

Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(ft) (f)
1+18 5,867.62
1+19 5,868.00
1+27 £,870.00
1+32 5,870.41
1+36 5,870.00
1+39 5,868.00
1+40 5,867.77
1+59 5,867.13
1+78 5,867.26
1+95 5,867.49
1+95 5,868.00
2+01 5,870.00
2+06 5,872.00
2+10 5,874.00
2+13 5,876.00

Notes: @ Blgd Midpoint, The 100 year floodplain will remain lhe same afler improvernents,

V= i B Culf’r?ENT'Ljf v LUCATTINI G

Wserverworkiudd2itprop010367viwg\010367-q.fm2
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Project Engineer: Berge-Brewer & Associates

Berge-Brewer & Associates
37 Brookside Road Waterbury, CT 08708 USA,  (203) 755-1666

FlowMaster v8.1 [614n]
Page 2 of 2
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Worksheet
Worksheet for Irregular Channel

Project Descriplion

Worksheet X-sect of Creek @ Cross-section "1A" - Currently
Flow Element Irregutar Channel

Method Manning's Formula

Soive For Channel Depth

Input Data

Slope 0.014000 ft/ft

Discharge 13,540.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Metho Improved Lotter's Method

Closed Channel Weighting Meth Horton's Method
Results

Mannings Cceefficient 0.031
Water Surface Elevation 587547 ft
Elevation Range 5,870.69 to 5,878.00
Flow Area 940.4 1?
Wetted Perimeter 23469 ft
Top Width 232.36 fi
Actual Depth 4.78 ft
Critical Elevation 5876.17 |
Critical Slope 0.008389 Uit
Vetocity 14.40 fus
Velocity Head 3.22 #t
Specilic Energy 5,878.70 it
Froude Number 1.26
Flow Type Supercritical

Roughness Segments

Start End Mannings

Station Station Coefficient
0+00 1+16 0.020
1+16 1+50 0.045
1+50 2+44 0.030

Natural Channel Points

Station Elevation
(LY ()
0+00 5,878.00
0+10 5,872.00
0+15 5,871.03
1+16 5,871.03
1+18 5,872.00
1+30 5,872.92
1+48 5,872.00
1+50 5,871.07
1+85 5,870.86
2+18 5,870.69

Wserverwork\dd2i\proji0 1036 7 \dwg\0 10367-G.m2
11/15/02 02:40 06 PM

Berge-Brewer & Associales

© Haeslad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203} 755-1666

Project Engineer; Berge-Brewer & Associales
FlowMaster v8.1 [814n]
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Worksheet

Worksheet for Irregular Channel

Natural Channel Points

Station Elavation
(i) (f)
2+21 5,872.00
2+32 5,874.00
2+38 5,876.00
2444 5,878.00

Notes: The 100 year ficodptain will remain the same after improvements.

Y o-secT THAT . Cyere NTLY L (ORI TINCED

Wserverwork\dd2i\proj\0 10367\dwg\010367-q.fm2
14/15/02 02:40:06 PM © Haestad Methods, Inc.

Project Engineer. Berge-Brawer & Associales

Bergo-Brewer 3 Associates
37 Brookside Road  Walterbury, CT 06708 USA

(203) 755-1866

FlowMaster v6.1 [614n]
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Worksheet
Worksheet for Irregular Channel

Project Description

Worksheet X-gect of Craek @ Cross-gsaclion "2" - Currenlly
Flow Element irreguiar Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Slope 0.0130600 ftft
Discharge 13,540.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Metho lmproved Lotter's Method
Closed Channel Weighting Meth Horton's Method

Results
Mannings Coefficient 0.031
Water Surface Elevation 5,881.55 ft
Elevation Range 5,876.61 to 5,884.00
Flow Area 934.5 ft*
Wetted Perimeter 217.94 ft
Top Width 21538 fi
Actuat Depth 494 ft
Critical Elevation 5,882.20 ft
Critical Slope 0.008297 ft/t
Velocity 14,49 /s
Velocity Head 3.26 i
Specific Energy 5,884.82 It
Froude Number 1.23
Flow Type Supercritical
Roughness Segments
Start End Mannings
Station Station Coefficlent
0+00 1+52 0.030
1+52 1477 0.045
1+77 2425 0.030

Natural Channel Points

Station Elevation
(ft) (fty
0+00 5,884.00
0+03 5,882.00
0+07 5,880.00
0+10 5,878.00
0+13 5,876.61
0+48 5.876.67
1417 5.877.18
1+52 5877.38
1+54 5,878.00
1+55 5,878.43

Project Engineer: Bergo-Brewer & Associales

WserverworkUdd2i\proj\0 10367 Wwg\010367-g.fm2
11/15/02 02:39.36 PM

Berge-Brewer & Associates

FlowMaster vé.1 {614n])
© Haestad Methods, Inc. 37 Brookside Road Walterbury, CT D6708 USA  (203) 755-1666
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Worksheet

Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
() (M
1+69 5,878.00
1+77 5,876.69
2+09 5,876.70
2+12 5.878.00
2+16 5,880.00
2420 5,882.00
2425 5,884.00

Notes: @ Blgd Midpoint Prior to Improvements; The 100 year floodplain will remain the same after improvements.

f-5c¢cT 2" - Cueve MTL‘-) s CORTIAIUED

Vserverwork\dd2i\proj\01036 7\dwg\010367-q.fm2
11/15/02 02:39:38 PM ® Haestad Methods, Inc.

Berge-Brewer & Associlataes
37 Brookside Road Waterbury, CT 06708 USA  {203) 755-1666

Project Engineer: Berge-Brewer & Associates

FlowMaster v6.1 [614n]
Page 2 of 2
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Worksheet

Worksheet for Irregular Channel

Projact Description

Worksheet
Flow Element
Method

Soltve For

X-sect of Creek @ Cross-section "2" - After Improvement

frregular Channel
Manning's Formula
Channel Depth

Input Data

Stope

0.013000 fv/ft

Discharge 13,540.00 cis

Options

Current Roughness Method

Improved Lotter's Mathod

Open Channel Weighting Metho Improved Lotter's Method

Closed Channel Weighting Meth

Horton's Method

Results
Mannings Coefficient 0.031
Water Surface Elevation 588155 it
Elevation Range 5.876.61 to 5,886.00
Flow Area 934.5 ft?
Wetted Perimeter 217.94 ft
Top Width 216.38 ft
Actual Depth 494 ft
Critical Elevation 588220 1t
Critical Slope 0.008299 fuft
Velocity 14.49 ft/s
Velocity Head 328 ft
Specific Energy 588482 1
Froude Number 1.23
Flow Type Supercritical
Roughness Segments
Start End Mannings
Station Station Coeffictent
0+00 1+52 0.030
1+52 1477 0.045
1477 2421 0.030
2+21 2422 0.013
2422 2+48 0.030

Natural Channel Points

Station Elevation
) (ft)
0+00 5,884.00
0+03 5,8682.00
0+07 5.880.00
0+10 5,878.00
0+13 5,876.61
0+45 5,876.67
1417 5,877.18
1+52 5,877.38

\iserveriworkidd2iproj\0 1036 TWdwg\010367-q.1m2

11/156/02 02.39:20 PM

© Haestad Meathods, In¢

Berge-Brewer & Assoclates

37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer: Berge-Brewer & Associates
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Worksheet

Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(ft) (ft)
1+54 5,878.00
14865 5,878.43
1+69 5,878.00
1477 5,876.69
2+09 5,876.70
2+12 5,878.00
2+16 5,880.00
2+20 5,882.00
2+21 5,882.12
2+21 5.885.48
2422 5,885.48
2+48 5,886.00

Notes: @ Blgd Midpoint; The 100 year floodplain will remain the same after improvements.
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Wserverwork\dd2i\proj\010367dwg\010367-q.fm2
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Project Engineer: Berge-Brewer & Associates

Berge-Brewer & Assoclates
37 Brookside Road Walesbury, CT 06708 USA  (203) 755-1666

FlowMaster v6.1 [B14n]
Page 2 of 2
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Worksheet

Worksheet for Irregular Channel

Project Descriplion

Worksheet X-sect of Creek @ Cross-section "2A" - Currently
Fiow Elernent Irregular Channet

Method Manning's Formula

Solve For Channel Depth

Input Data

Slope 0 013000 fi/ft

Discharge 13,540.00 cfs

Opticns

Current Roughness Method

Improved Lotter's Method

Open Channel Weighting Metho Improved Lotter's Method

Closed Channel Weighting Meth

Horton's Method

Resulis
Mannings Coefficlent 0.031
Water Surface Elevation 5,882.17 ft
Elevation Range 5,877.18 to 5,886.00
Flow Area 933.9 fi*
Wetted Perimeter 218.04 ft
Top Width 21491 ft
Actual Depth 4.99 ft
Critical Elevation 5.882.81 1l
Critical Slope 0.008302 fyft
Velocity 14.50 ft's
Velocity Head 327 &t
Specific Energy 5,885.43 1t
Froude Number 1.23
Flow Type Supercritical
Roughness Sagmenis
Start End Mannings
Station Station Coefficient
0+00 1+49 0.030
1+49 1+74 0.045
1+74 2435 0.030

Natural Channel Paints

1116/02 02:43:17 PM

Station Elevation
(ft) (ft)
0+00 5,886 00
0+13 5,878.00
0+13 5,877.18
0+47 5,877.39
1+16 5,877.81
1+41 5,878.00
1+49 5,878.07
1+52 5,878.69
1+72 5,878.57
1+73 5.878.00

Nserverworkildd2i\proj\0 1036 7xiwgid10367-q.0m2
@ Haestad Methods, Inc.

Berge-Brewer & Associales

37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1686

Project Engineer. Berge-Brewer & Associates
FlowMaster v6.1 [614n]
Page 10of 2
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Worksheet

Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(f) (m
1474 5.877.19
2+11 5.877.26
2+12 5,878.00
2417 5,880.00
2+20 5,882.00
2+26 5,884.00
2+29 5,886.00
2+356 5,886.00

Notes: The 100 year floodplain will remain the same after improvements.
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Project Engineer: Berge-Brewer & Associales

Berge-Brewer 8 Associates
37 Brookside Road Walerbury, CT 06708 USA  (203) 755-1666

FlowMaster v6.1 (814n]
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sean clvations or dopths hove been esiablished

eimine if llond insucance 15 available, conacl on wsurance agent or
Hational Floed Instianee Prograen at (BOD) 638-GR20.
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APPROYIAATE. SCALE IN FEEL
0 500
]

\
NATIONAL FLOOD INSURANCE PROGRAM

FIRM

FLOOD INSURANGE RATE MAP

EL PASO COUNTY,
COLORADO AND
INCORPORATED AREAS

PANEL 742 OF 1300

(SELE MAP INDRIEX TOR PARNEIS NOHT DRINTERY)

CONTAINS:. _
“ COMMUNITY NUMBER PANEL SUFFIX
COLORADG SCRIHGS, Oy OF 0RINGO Q42 F

PAS TOUHY.
ElU:ll?:::?)ﬂ:"?’ﬂf\'lEl) ANEAS OALSY 4742 ¥

MAP NUMBER
08041C0742 F

EFFECTIVE DATE:
MARCH 17,1997

Federal Emergency Management Agcnv

“"“—--mmmﬂm

LEGEND

SPECIAL FLOOD HAZARD AREAS INUNDATED
8Y T00-YEAR FLOOD

ZONE A No base flood elevations determined,
ZONE AE Base flood elevations determined,

ZONE AH  Flood depths of 1 to 3 icet fusually areas

of ponding); base flood  elevallons
determined.

IONE AO  Flood depths of 1 to 3 feet fusially sheet
flow on sloping terrainy; average dopths
determined. For areas of alluvial fan flooding,
velucities also determined,

ZONE A99 To be protected from 100-year flood by
Federal flood prolection  system  under
construction; no base clevations determined.

ZONE Vv Coastal fNlood with velocity hazard (wave
action); no base floud elevations determined.

ZONE VE Coastal flood with velocity harard (wave

action}: base flood elevations delermined.
- FLOODWAY AREAS IN ZONE AE

OTHER FLOOD AREAS

ZONE X Areas of 500-year flood; areas of 100-year
flood with average depths of less than
1 foot or with dralnage ateas less than
! square mile; and areas protected by
levees from 100-year food.

OTHER AREAS

IONE X Areas determined to be oculside 500-yeor
fluedplain.

ZONE D Areas  in which flood  hazards  are
undetermined.

UNDEVELOPED COASTAL BARRIERS

\R\\ .\\\\ ~ .QN

Identified Identifled Otherwise

1983 1990 Protected Arcas
Constal barier areas are normelly located within or adjacent 1o Special
Flood Hazard Avseag,

Flood Boundary

Floodway Boundary

= - Zone D Boundary

Boundary Dhiding Special Flood
Hazard Zones, and  Boundary
Dividing Areas of Dilferant
Coastal Base Fiood Elevations
Within Special Flood Hazard

Zones.
Base Flagd Elavation Line:
s 513 Elevalion in Fest, Ses Map Index

for Elevation Datum

Cross Section Line

Bosa  Flood Elevation in  Feet

(EL 987} Where  Unilorm  Within ~ Zons,
See Map Index for Elevation Datum
RM?X Elavation Reference Mark
* M2 fliver Mile
Horlzental Coordinates Based on Narth
97°07°30", 3292230 American  Datum of 1927 (NAD 27
Puajection

NOTES

This map is for use in administaering the National Flood Insurance Program,
it does naot necessarily idenlily all areas subject 10 flecding, partictarly from

local drainage sources of small sizo, or all planimelric features outside
Special Flood Hazard Areas.

Coastal base lood elevations apply only landward of 0.0 NGVD, and include
the effects of wave aclion: those elevations may also differ significantly

from those devaloped by ihe Nalional Weather Service for hurricane
avacuastion planning,

Areas of Special Flnod Harard (I00-year foad) include Zones A, AE. AH AN
A9V, and VE
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