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August 31, 2023
El Paso County Planning and Community Development

2880 International Circle
Colorado Springs, CO 80910

ATTN: Joshua Palmer, P.E.
SUBJECT: Preliminary and Final Drainage Plan and Report

Falcon Storage Subdivision

Transmitted herewith for your review and approval is the drainage plan and report for The Falcon
Storage Subdivision in El Paso County. This report will accompany the development plan and
subdivision plat submittal. This report has been revised in accordance with your review
comments of November 23, 2022, March 2, 2023, and August 18, 2023.

Please contact me if | may provide any further information.

Oliver E. Watts, Consulting Engineer, Inc.

BY:
Oliver E. Watts, President
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1. 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 County for drainage reports and said report is in conformity with the
applicable master plan of the drainage basin. | accept responsibility for any liability caused by any
negligent acts, errors or omissions on my part in preparing this report.

Oliver E. Watts, Consulting Engineer, Inc.

Oliver E. Watts Colo. PE-LS No. 9853 date

2. OWNERS / DEVELOPER'S STATEMENT:

| the owner / developer have read and will comply with all of the requirements specified in this
drainage report and plan.

Falcon Storage Partners LLLP

By:
Richard Graham Date
4615 Northpark Drive

Colorado Springs, CO 80918

3. EL PASO COUNTY:

Filed in accordance with the requirements of the El Paso Land Development Code, Drainage
Criteria Manual Volumes 1 and 2, and the Engineering Criteria Manual, as amended.

Joshua Palmer, P.E., date
County Engineer / ECM Administrator

Conditions:
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4. LOCATION AND DESCRIPTION:

The Falcon Storage Subdivision is located in the Latigo Business Center development of El Paso County as
shown on the enclosed vicinity map. Occupying a portion of the West half of Section 1, Township 13 South,
Range 65 West of the 6™ P.M., totaling 5.004 acres. It is located in the Falcon Drainage Basin as shown on
the enclosed basin map. It lies west of Bent Grass Meadows Drive north of the Latigo Business Center
Filing No. 1 as shown on the enclosed drainage plan. The site will be developed into an RV Storage site as
shown on the enclosed drainage plan, as an expansion to the one in the Latigo Business Center Filing No. 1,
both owned by the developer.

5. FLOOD PLAIN STATEMENT:
This subdivision is not within the limits of a flood plain or flood hazard area, according to FEMA map panel
number 08041C0553 G, dated December 7, 2018, a copy of which is enclosed for reference.

6. METHOD AND CRITERIA:

The method used for all computations is that specified in the City-County Drainage Criteria Manual, using
the rational method for areas of the size of the development. All computations are enclosed for reference
and review. Pertinent portions of the criteria are enclosed.

The soils in the subdivision have been mapped by the local USDA/SCS office, and a soils map and
interpretation sheet are enclosed for reference. All soils in this area are of hydrologic group "A™ within the
development area.

7. DESCRIPTION OF RUNOFF:

A. Drainage Inflows: The drainage Report for Falcon Meadows at Bent Grass indicates an existing
drainage swale above the north boundary to divert runoff from this site and route it to Bent Grass Meadows
and then past this development in Bent Grass Meadows Drive to outfall points to an existing detention pond
across the street. A copy of this drainage plan is enclosed. Also shown on this map is that portion of the
Meadows Filing No. 1 that drains 0.62 cfs / 3.5 cfs (5-year / 100-year runoffs) into this subdivision along
the westerly boundary (Basin O-1), and it indicates the historic undeveloped runoff of the site, Basin A
(historic) totaling 1.25 cfs / 7.6 cfs at the lowest (southeast) portion of the subdivision.

B. Interior Routing: The area will be graded to conform to the existing topography shown on the
drainage plan. The property has been rough graded, which complies with the historic runoff pattern.
Additional grading is indicated which is intended to contain the runoff into the interior drive isle street
network, and along the streets to the detentien pond The westerly street (Basin A) will combine with offset
basin O-1 to develop 3.0 cfs \ 6.2 cfs (5-yeaf{100-year runoffs) near the in the southwest corner of the plat
(Design Point 1). Basin B will develope 1.3/2.57¢fs in the southerly driveway adjacent to the north
entrance. It will combine with basin C along the same>xauting for 5.2/10.4 cfs at the southwest intersection
(design point 2). This will combine basin D to outfall into the detention pond (design point 3). The total
outfall at this point 5.5 cfs/12.5 cfs, into the sand filter basin.

Water Quality

Assign a
name/number
to all PBMPs
and then
update all
submitted text
and drawings
accordingly
with consistent
labeling
throughout
(example:
“Pond A” or
“Pond 17).
Unresolved

C. Detention Storage: At the proposed outfall point a sand filter detentien-pond is proposed, as required
by the County. The pond is sized for a temporary sedimentation basin to be used during the construction
period and converted into a permanent sand filter basin upon completion. The sedimentation basin will
contain 13000 +CF (at 1800 CF per acre). An 8-inch riser pipe is used as an outlet, with holes drilled as
computed to detain the runoff as required. One foot of freeboard is provided with a spillway that will pass
mwg%etails are shown on the enclosed drainage plan. Following construction the basin
will be converte and filter basin. A 4-inch slotted underdrain will be placed in a 5-inch section of
CDOT class C Filter material and drain into the grated inlet outlet structure set at the WQCYV level, and
sized for the 100-year runoff. An orifice plate will be provided on the end of the underdrain with an orifice
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existing pond accounted for this sites

sized for the installation; A detention basin stage-storage table _developed flows. Address any

County, the basin is used for water quality storage only and the 'MRrOvEMents/upgradesneeded to the
Center Filing No. 1 to an existing full spesfrur-pend-ta the sou PONdy df the existing pand did, not account

between Tamlin and Meridian Roads, in accordance with the a for developed flows from:this;site provide
detention onsite or identify the necessary

D. Outfall Point: Discharge from the subdivision will be intUpgrades needed for.the existing,pond and
Latigo Business Center, filing no. 1, as shown on the drainage (Rrovide,CB's,of work to, be done, by this
along the north boundary of Lot 1 as shown on the drainage pladeveloprent:

properties are under common ownership and permission to outfall into the Latigo Business Center is

granted. The drainage plan for the Latigo Business Center is enclosed. This report indicated two existing

discharges: 0.2 cfs / 0.5 cfs near the southwest corner and 4.1 cfs / 10.1 cfs over the remaining south

frontage. A 24 inch CMP will run from the CDOT Type C outlet box at a minimum slope of one

percent into the existing ditch shown on the drainage plan.

Falcon Storage Subdivision

Preliminary and Final Drainage Plan and Report

Please identify how
the flow is conveyed
to the full spectrum
pond to the south of
Woodmen from Lot 1.
Will it enter an

_ existing storm
requirements to present the minimum footfyint in providing a RV Storage development. The zzz::m?aﬁetgf ate for
this sites developed
flows? Please
address. The sites
developed flows must
be conveyed to a
suitable outfall.

WATER QUALITY
A sand filter basin water quality facility will be provided as described abqve.

FOUR STEP PROCESS

Provide WQCV: Detention water quality storage is being provided for this subdivision by a
detention-pond and runoff will be routed to a fulNspectrum pond located downstream, south ¢
Road, north of Highway 24, between Tamlin and Neridian Roads, by others as a sub regional

Stabilize Drainage Ways: The site will be graded t§ route the runoff over improved street i
provide channel stabilization in the natural erosive matgrial over the site. Discharge from the site will be
into adjacent and downstream facilities in accordance wikh the master drainage basin plan for the Falcon
drainage basin and previously approved subdivision drainage reports. Copies of each plan are enclosed.
There will be no adverse affect on downstream developments as a result of this subdivision

Consider need for Industrial and Commercial BMP’s: Thls is a RV Storage site, so source control
problems will be a minimum. During construction, standard sitd specific state of the art BMP’s will be
employed to minimize and mitigate erosive problems.
provide analysis of the ditch and downstream
facilities and show that it is adequate to convey
the flows down stream.

8. COST ESTIMATE:

Item No. Description Quantity Unit Cost Cost
1 Pond/BMP Earthwork 881 CY $23.00 $20263.00
2 Slotted drain 187 LF 40.00 7480.00
3 Riprap 14 Tons 80.00 1096.00
4 Grated Inlet lea 5611.00 5611.00
4 12” PVC drain 106 LF 112.00 11872.00
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5 Concrete Pond Inlet 15CY 589.00 10335.00
Subtotal Construction Cost $56657.00
Engineering 10% 5665.71
Total Estimated Cost $62322.70

Please revise to 2023
9. Fé’é:[ plat recording.
2024 Falcon Basin Fees: 5.004 acres @62.3% Impervious = 3.1175 Impervious acres

Drainage fees @ $ 37,256 per acre = $ 116,145.28
Bridge fees @ $ 5,118 per acre = $ 15,955.32
Total Fees: $132,100.61

10. SUMMARY
The Falcon Storage Subdivision is a proposed 1-lot, RV Storage subdivision containing 5.004 acres. The
proposed street facilities will adequately convey, detain and outfall runoff from the site to existing sufficient
adjacent and downstream facilitigs, as described in the respective drainage reports. Water Quality is being
utilized in lieu of a full spectrum ntion pond due to the existing regional facility as described earlier in
this report. Flows from site will be greater than historic levels. Site appurtenances will not adversely affect
the downstream and surrounding develop

This report and findings is in general conformancésyith the MDDP and Preliminary Drainage Reports or

other pertinent studies

Review 1 comment: Please identify and analyze whether
the downstream facilities are adequate to accept the
developments flows.

Additionally, compare the detained flows and the
historical flow leaving the site. Indicate whether or not
the sites flow is at or below historic flows leaving the
site.

Review 2: unresolved. Please analyze the downstream
facilities (ditches, culverts, storm pipes etc.) and indicate
whether they are adequate to accept the developments
flows. Please identify the total developed flows of the
site and compare with what the existing facilities where
designed to.
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Review 1 comment: Please identify and analyze whether the downstream facilities are adequate to accept the developments flows. 

Additionally, compare the detained flows and the historical flow leaving the site. Indicate whether or not the sites flow is at or below historic flows leaving the site.

Review 2: unresolved. Please analyze the downstream facilities (ditches, culverts, storm pipes etc.) and indicate whether they are adequate to accept the developments flows. Please identify the total developed flows of the site and compare with what the existing facilities where designed to.


MAJOR SUB AREA BASIN Te | SOIL DEV. FLOW RETURN
BASIN BASIN MIN | in/hr. | GRP TXFE 5-ry 100-yr PERIOD
PLANIM ACRES LENGTH HEIGHT qp qp -years-
READ -FT.- -FT.- -CFS- -CFS-
FALCON 0-1 9.75 2.47 300 4.5 27 A SF 5AC. 0.12 0.39
V=0.82 +480 1.3 +10
37 2.1 | 3.6 0.62 3.5 5 100
HISTORIC A COGO 5.00 +525 9 +13
V=0.65 50 1.8 | 2.8 A R/L 0.08 0.35
TOTAL 7.47 MIX 0.093 | 0.362 1.25 7.6 5 100
DEVELOPED A COGO 1.68 300 2.5 15.2 A GRAVEL 0.59 0.70 5 100
V=3.06 +300 7 +1.6
16.8 | 3.2 | 5.5 3.2 6.5 5 100
Ol +A | (DP-1) 4.15 =400 8 +2 32|55 A MIX 0.310 | 0.516
V=2.82 52 1.7 | 2.9 2.1 6.2 5 100
B COGO 0.66 370 2.4 16.4 A GRAVEL 0.59 0.70 1.3 2.5 5 100
C COGO 2.30 300 4 14.5 A GRAVEL 0.59 0.70 :
V=2.66 +340 6 +2.1
16.6 | 3.3 | 5.5 4.5 8.9 5 100
B+C +360 8 +2.7 .
(DP-2) 2.96 19.3 | 3.0 | 5.1 A GRAVEL 0.59 0.70 5.2 10.4 5 100
D COGO 0.36 240 4.5 116 | 3.8 | 6.4 A GRAVEL 0.59 0.70 0.8 1.6 5 100
B+C+D V=2.22 +50 +0.4 o b .
(DP-3) 3.32 19.7 | 3.0 | 5.1 A GRAVEL 0.59 0.70 5.9 11.9 5 100
+0-1+A 7.47 +240 2.4 +2 <
54 1.7 | 2.8 A MIX 0.434 | 0.598 5.5 12.5 5 100
HYDROLOGICAL COMPUTATION — BASIC DATA PAGE 1
PROJ: FALCON STORAGE SUB BY: O.E. WATTS OLIVER E. WATTS, CONSULTING ENGINEER, INC. OF 7

RATIONAL METHOD

DATE: 2/4/21 10/17/22 11-21-21

614 ELKTON DRIVE COLORADO SPRINGS, CO 80907




Design Procedure Form: Sand Filter (SF)

UD-BMP (Version 3.06, November 2016)

Sheet1of2 |

Designer: O.E, Watts . .
Company:  Oliver E. Watls, CE provide calculation as
Date: June 5, 2023 to hOW thIS was
Project: Falcon Storage Subdivision /_ determined
Location: /
/
1. Basin Storage Volume /
A) Effective Imperviousness of Tributary Area, |, l, = 62.3 %

(100% if all paved and roofed areas upstream of sand filter)

B) Tributary Area's Imperviousness Ratio (i = ,/100)

C) Water Quality Capture Volume (WQCV) Based on 12-hour Drain Time

WQCV=0.8*(0.91**- 1.19 * {2+ 0.78 * )
D) Contributing Watershed Area (including sand filter area)

E) Water Quality Capture Volume (WQCV) Design Volume
Vwacy = WQCV / 12 * Area

i= 0.623

WQCV = 0.20

Area= 325,393 sqft

Vwacv = 5,295 cuft

waltershed inches

F) For Watersheds Outside of the Denver Region, Depth of dg = in
Average Runoff Producing Storm

G) For Watersheds Outside of the Denver Region, Vwacv oTHER = cu ft
Water Quality Capture Volume (WQCV) Design Volume

H) User Input of Water Quality Capture Volume (WQCV) Design Volume Vwacv user = cu ft
(Only if a different WQCV Design Volume is desired)

2. Basin Geometry
A) WQCV Depth Dwacv = 3.0 it

B) Sand Filter Side Slopes (Horizontal distance per unit vertical,
4:1 or flatter preferred). Use "0" if sand filter has vertical walls.

Z= 3.00 ft / ft

The
C) Minimum Filter Area (Flat Surface Area) Apin = 2534 sq ft spreadsheet
Z q should not
D) Actual Filter Area Pnern = __504007_ sq ft 2957 be filled in
E) Volume Provided vi= [20L7 by hand
Choose One
3. Filter Material @ 18" CDOT Class B or C Filter Material
O Other (Explain): |
|
4. Underdrain System Choose One J
YE i
A) Are underdrains provided? ©yes i
Ono |
B) Underdrain system orifice diameter for 12 hour drain time
i) Distance From Lowest Elevation of the Storage y= 0.5 ft ]

Volume to the Center of the Orifice
i) Volume to Drain in 12 Hours

iii) Orifice Diameter, 3/8" Minimum

Vol,= 5295  cuft

Do = 5/8 in

orifice doesnt match GEC

Copy of UD-BMP_v3.06.xIsm, SF

6/5/2023, 2:41 PM
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Design Procedure Form: Sand Filter (SF)

Designer: O.E, Watts

Company: Oliver E. Watts, CE

Date: June 5, 2023
Project: Falcon Storage Subdivision
Location:

Sheet 2 of 2

5. Impermeable Geomembrane Liner and Geotextile Separator Fabric

A) Is an impermeable liner provided due to proximity
of structures or groundwater contamination?

Choose One

Ovyes @nNo

6-7. Inlet / Outlet Works

A) Describe the type of energy dissipation at inlet points and means of
conveying flows in excess of the WQCV through the outlet

Riprap at inlet and outlet

Notes:

include inlet and outlet riprap protection
calculations

Copy of UD-BMP_v3.06.xIsm, SF

6/5/2023, 2:41 PM
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Required Area per Row (inz)

Depth at Outlet (ft)

Circular Perforation Sizing

1.0 1.5 2.0 2.5 30 | '35 4,0 4.5
2 |1504 | 7.71 | 5.10 3.76 2.95 | 2.41 202 | 1.73
1 7.52 3.86 | 2.55 1.88 1.48 | 1.21 1.01 | 0.87
by 06 | 451 | 231 | 153 1.13 -0.89 | 0.72 0.61 | 0.52
g 04 | 3.01 154 | 1.02 0.75 0.59 | 048 | 040 | 0.35
s 02 | 150 [. 0.77 |.0.51 0.38 030 | 0.24 | 0.20. | 0.17
g 01 | 075~ | 039 | 026 | 0.19 015 | 0.12 0.10 | 0.09
3 0.06 | 045. | 023 | 015, | 011 |7 0.09 [ 0.07 0.06 | 0.05
= [002 [ 030 0.15 | 0.10 0.08 0.06 | 0.05 0.04 | 0.03
% 0.02 | 015.| 0.08 | 0.05 0.04 0.03 [ 0.02 0.02 | 0.02
o 0.01 | 0.08 0.04 | 0.03 0.02 0.01 | 0.01 0.01 | 0.01
TABLE SB-1

6Ly A-D wEecY

0125 AF -'scHSCl

O 322,6 \\k‘L
lea Yo' L

TR

Hole Diameter Hole Diameter Area per Row (in%)

(in) (in) n= n=2 n=3

1/4 0.250 0.05 0.10 0.15 -
5/16 0.313 0.08 0.15 .. 0.23

3/8 0.375 0.1 0.22 0.33 -
7/16 0.438 0.15 - 0.30 . 0.45
1/2 0.500 0.20 0.39 0.59
9/16 0.563 0.25 0.50 0.75
5/8 0.625 031 0.61 0.92
11/16 0.688 f' 0.74 1.11
3/4 0.750 ﬁ 0.88 1.33
7/8 0.875 060 1.20 1.80
1 1.000 0.79 1.57 2.36
11/8 1.125 0.99 1.99 2.98
11/4 1.250 1.23 2.45 3.68
13/8 1.375 1.48 2.97 4.45
11/2 1.500 1.77 3.53 5.30
15/8 1.625 2.07 4.15 6.22
13/4 1.750 2.41 4.81 7.22
17/8 1.875 2,76 5.52 8.28
2 2.000 3.14 6.28 9.42

n = Number of columns of perforations
Minimum steel plate thickness | 1/4" | 5/16" | 3/8"
TABLE SB-2
. . Figure SB-2
City of Colorado Springs Outlet Sizing

Stormwater Quality

Application Techniques and Maintenance
Requirements

3-33
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-

0.463 8/3.%
i Q=—"— D S Q=KS%
Z=TAMETER AREA D 8/3
iL-IN.- -FT2- -FT- N=0.010 | N=0.013 N=0.024 N=0.026
I
i” 2 0.02182 0.008413 0.3895
4 0.08727 0.053420 2.4733 --- --- ---
6 0.19630 0.157500 7.2922 5.609 --- ---
j 8 0.34910 0.339200 15.7050 12.081 --- ---
10 0.54540 0.615000 28.4745 21.903 --- ---
- Iz 0. 78540 1.000000 76.3000 35.015 - - ---
’ 15 1.22720 1.813100 83.9465 64.574 --- ---
1 18 1.76710 2.948300 136.5100 105.000 56.88 52.50
21 2.40530 4,447400 205.9100 158.400 85.80 79.20
1. 24 3.14160 6.349600 293.9900 226.140 122.49 113.07
'ﬂ 27 3.97610 8.692700 402.4700 309.590 167.70 154.79
30 4,.90870 11.512600 533,0300 410.030 222.10 205.02
5.93960 14.844100 --- 528.680 --- ---
7.06860 18.720800 866.7700 666.700 361.20 333,30
8.29580 23.175100 --- 825.400 --- ---
9.62110 28.238900 --- 1005.000 544,80 502.50
12.56640 40,317500 --- 1436.000 777.80 718.00
15.90430 55.195000 --- 1966.000 1065.00 983,00
19.63500 73.1004C00 --- 2604.000 1410.00 [1302.00
23.75830 94,254200 --- 3357.000 1818.00 |1678.00
28.27430 118.869400 --- 4234,000 2293.00 2117.00
33.18310 147.152900 --- 5241.000 2839.00 [2620.00
38.48450 179.306000 --- 6386.000 3459,.00 [3193.00
44.17860 215.524500 --- 7676.000 4158.00 |3838.00
50.26550 256.000000 --- 0118.000 4939.00 |4559.00
63.61730 350.466600 --- 12480.000 . 6761.00 |6140.00
78.53980 464,158900 --- 16530.000 8054.00 [8265.00
Oliver E. Watts

Consulting Engine
Colorado Springs
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Chapter 6 ; Hydrology

Table 6-6. Runoff Coefficients for Rational Method
(Source: UDFCD 2001)

Runoff Coeffidents

Land Use or Surface Percent
Characteristics Impervious 2-year S-year 10-year 25-year 50-year 100-year
HSG A&B | HSG CAD | HSG A&B | HSG C&D | HSG A&B | HSG C&D | HsG A&B | HsG c&D | HsG A&B | HsG caD | HsG AzB | HsG cap
Business
Commerclal Areas 95 0.79 0.80 0.81 0.82 0.83 0.84 0.85 0.87 0.87 0.88 0.88 0.89
Ne Ighporhood Areas 70 0.45 0.49 0.49 0.53 0.53 0.57 0.58 0.62 0.60 0.65 0.62 0.68
Residential
1/8 Acre orless 65 0.41 0.45 0.45 0.49 0.49 0.54 0.54 0.59 0.57 0.62 0.59 0.65
1/4 Acre 40 0.23 0.28 030 -| 035 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58
1/3 Acre 30 0.18 0.22 0.25 0.30 0.32 0.38 0.39 0.47 0.43 0.52 0.47 0.57
1/2 Acre 25 0.15 0.20 0.22 0.28 0.30 0.36 0.37 0.46 0.41 0.51 0.46 0.56
1Acre 20 0.12 0.17 0.20 0.26 0.27 0.34 0.35 0.44 0.40 0.50 0.44 0.55
Industrial :
Light Areas 80 0.57 0.60 0.5¢ 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 ~ 0.74
Heavy Areas 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83
Parks and Cemeteries 7 0.05 0.09 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0.39 0.52
Playgrounds 13 0.07 0.13 0.16 0.23 0.24 0.31 0.32 0.42 0.37 0.48 0.41 0.54
Railroad Yard Areas 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

Undeveloped Areas
Historic Flow Analysis--

Greenbelts, Agriculture 2 0.03 0.05 0.09 0.16 0.17 0.26 0.26 -.0.38 0.31 0.45 0.36 0.51

Pasture/Meadow 0 0.02 0.04 0.08 0.15 0.15 ‘0.25 0.25 0.37 0.30 0.44 0.35 0.50

Forest 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

Exposed Rock 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

Offslte Flow Analysls (when 45 v

landuse Is undefined) 0.26 0.31 0.32 0.37 0.38 0.44 0.44 0.51 0.48 0.55 0.51 0.59
Streets

Paved 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

Gravel 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74
Drive and Walks 100 0.89 0,89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96
Roofs 90 0.71 0,73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83
Lawns 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

3.2 Time of Concentration

One of the basic assumptions underlying the Rational Method is that runoff is a function of the average
rainfall rate during the time required for water to flow from the hydraulically most remote part of the
drainage area under consideration to the design point. However, in practice, the time of concentration can
be an empirical value that results in reasonablé and acceptable peak flow calculations.

For urban areas, the time of concentration (#.) consists of an initial time or overland flow time (z,) plus the
travel time (Z,) in the storm sewer, paved gutter, roadside drainage ditch, or drainage channel. For non-
urban areas, the time of concentration consists of an overland flow time (¢,) plus the time of travel in a
concentrated form, such as a swale or drainageway. The travel portion (#,) of the time of concentration
can be estimated from the hydraulic properties of the storm sewer, gutter, swale, ditch, or drainageway.
Initial time, on the other hand, will vary with surface slope, depression storage, surface cover, antecedent
rainfall, and infiltration capacity of the soil, as well as distance of surface flow. The time of concentration
is represented by Equation 6-7 for both urban and non-urban areas.

May 2014 - City of Colorado Springs 6-17
Drainage Criteria Manual, Volume 1



Hydrology : Chapter 6

=1, +1, (Eq. 6-7)

Where:
t. = time of concentration (min)
t; = overland (initial) flow time (min)

= travel time in the ditch, channel, gutter, storm sewer, etc. '(min)
3.2.1 Overland (Initial) Flow Time

The overland flow time, ¢, may be calculated using Equation 6-8.

0.395(1.1-C, VL
1= 5033

(Eq. 6-8)

Where:

¢, = overland (initial) flow time (min)

Cs = runoff coefficient for 5-year frequency (see Table 6-6)

L = length of overland flow (300 ft maximum for non-urban land uses, 100 ft maximum for
urban land uses)

S = average basin slope (ft/ft)

Note that in some urban watersheds, the overland flow time may be very small because flows quickly
concentrate and channelize.

3.2.2 Travel Time

For catchments with overland and channelized flow, the time of concentration needs to be considered in
combination with the travel time, ¢, which is calculated using the hydraulic properties of the swale, ditch,
or channel. For preliminary work, the overland travel time, ¢, can be estimated with the help of Figure 6-
25 or Equation 6-9 (Guo 1999)."

v=C,8,°% (Eq. 6-9)
Where:
V = velocity (ft/s)
C, = conveyance coefficient (from Table 6-7)
S,, = watercourse slope (ft/ft)
6-18 7 City of Colorado Springs May 2014

Drainage Criteria Manual, Volume 1 .



Chapter 6 Hydrology

Table 6-7. Conveyance Coefficient, C,

Type of Land Surface G
Heavy meadow - 3 A 25
Tillage/field 5
Riprap (not buried)’ 6.5
Short pasture and lawns R 7
Nearly bare ground 10
Grassed waterway 15
Paved areas and shallow paved swales 20

* For buried riprap, select C, value based on type of vegetative cover.

The travel time is calculated by dividing the flow distance (in feet) by the velocity calculated using
Equation 6-9 and converting units to minutes.

The time of concentration (#.) is then the sum of the overland flow time (#,) and the travel time (z,) per
Equation 6-7.

3.2.3 First Design Point Time of Concentration in Urban Catchments

Using this procedure, the time of concentration at the first design point (typically the first inlet in the
system) in an urbanized catchinent should not exceed the time of concentration calculated using Equation
6-10. The first design point is defined as the point where runoff first enters the storm sewer system.

L
t =——+10 Eq. 6-10
c =130 . (Eq )

Where:

t. = maximum time of concentration at the first design point in an urban watershed (min)

L = waterway length (ft)

Equation 6-10 was developed using the rainfall-runoff data collected in the Denver region and, in essence,
represents regional “calibration” of the Rational Method. Normally, Equation 6-10 will result in a lesser
time of concentration at the first design point and will govern in an urbanized watershed. For subsequent
design points, the time of concentration is calculated by accumulating the travel times in downstream
drainageway reaches.

3.2.4 Minimum Time of Concentration

If the calculations result in a ¢, of less than 10 minutes for undeveloped conditions, it is recommended that
a minimum value of 10 minutes be used. The minimum ¢, for urbanized areas is 5 minutes.

3.2.5 Post-Development Time of Concentration

As Equation 6-8 indicates, the time of concentration is a function of the 5-year runoff coefficient for a
drainage basin. Typically, higher levels of imperviousness (higher 5-year runoff coefficients) correspond
to shorter times of concentration, and lower levels of imperviousness correspond to longer times of
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Hydrology Chapter 6

Figure 6-5. Colorade Springs Rainfall Intensity Duration Frequency
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Daniel Torres
Callout
analyze and Identify any protection needed at the pipe outfall. Provide invert elevation. It appears that the pipe may need to be extended so that flow properly enters the ditch.

Daniel Torres
Callout

Daniel Torres
Callout
review 1 comment: Also provide analysis of flow down concrete rundown and provide any necessary forebay & energy dissipater at the bottom

review 2: unresolved. Please address the above comment

Daniel Torres
Callout
Provide analysis of the downstream ditch and storm facilities.




