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Falcon Storage Subdivision
Preliminary and Final Drainage Plan and Report

OLIVER E. WATTS, PE-LS
OLIVER E. WATTS, CONSULTING ENGINEER, INC.
CIVIL ENGINEERING AND SURVEYING
614 ELKTON DRIVE
COLORADO SPRINGS, COLORADO 80907
(719) 593-0173
fax (719) 265-9660
olliewatts@aol.com

Celebrating over 41 years in business

November 23, 2022
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.

Please contact me if I may provide any further information.

Oliver E. Watts, Consulting Engineer, Inc.

Oliver E. Watts, President




Falcon Storage Subdivision
Preliminary and Final Drainage Plan and Report

FALCON STORAGE SUBDIVISION
DRAINAGE REPORT
TABLE OF CONTENTS

Drainage Report 5 pages
Computations, 7 pages
Vicinity Map

FEMA Panel No. 08041C0553 G

SCS Soils Map and Interpretation Sheet
Backup Information, 4 sheets
Falcon DBPS Map
Drainage Plan, Falcon Meadows at Bent Grass

Drainage Plan, Latigo Business Center

Drainage Plan, Dwg 02-5523-04



Falcon Storage Subdivision
Preliminary and Final Drainage Plan and Report
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Falcon Storage Subdivision
Preliminary and Final Drainage Plan and Report

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. I 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 5 - date

2. OWNERS / DEVELOPER'S STATEMENT:

I 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:



Falcon Storage Subdivision
Preliminary and Final Drainage Plan and Report

4. LOCATION AND DESCRIPTION:

The Falcon Storage Subdivision is located ipr'the Latigo Business Center development of El Paso
County as shown on the enclosed vicinitymap. 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 enclgsed basin map. It lies west of Bent Grass Meadows Drive
north of the Latigo Business Centet’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, 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: S:Zﬁ\s; il Ort‘htge
The method used for all computations is that specified in the City-Cou gep 9 g :
. . . conveyance of flows from the basins
Manual, using the rational method for areas of the size of the developr . h : f h of
enclosed for reference and review. Pertinent portions of the criteria ar Juueys g PO 35| POIISIS E1f EEEIN @
’ the basins do not reach the pond.
The soils in the subdivision have been mapped by the local USDA/SC ol e e e ptonlpeaEh

- tation sheet losed £ P All soils in thi of the basins and how the flow is
1n.er.prea10ns cecl are enclose Or rererence. SO11S 1n sareaarw Conveyed tothe pond and/or
within the development area.

subsequent basin that will convey

7. DESCRIPTION OF RUNOFF: 2 1 1D 2 [ERrE.

A. Drainage Inflows: The drainage Report for Falcon Meadows at Bent Grass indicates
existing drainage swale above the north boundary to divert runoff from this site and route if to Bent
Grass Meadows and then past this development in Bent Grass Meadows Drive to outfall pgints to

an existing detention pond across the street. A copy of this drainage plan is enclosed. Als¢ shown
on this map is that portion of the Meadows Filing No. 1 that drains 0.62 cfs / 3.5 cfs (5-yedr / 100-

year runoffs) into this subdivision along the westerly boundary, and it indicgfes the histori
undeveloped runoff of the site, totaling 1.25 cfs / 7.6 cfs at the lowest (soyfheast) portion ¢f the
subdivision.

11.8 cfs (5-year / 100-year runoffs) near the in the southwgét corner of the plat. Basins B, C, and D
will develop 5.9 cfs / 11.9 cfs in the easterly street near the southeast corner. The total outfall into —
the detention pond near the southeast corner is 5.5 cfs/12.5 cfs. . full spectrum detention is

required per criteria.
C. Detention Storage: At the proposed outfall point a d tentiom Please state that.
sized for sedimentation basins to be used during the construction period and converted into a sand
filter basins upon completion. The, basin will contain 13320 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

Please identify these as basins O-1 and AH in
the narrative as shown on the drainage plan.

[Temporary Sediment



Daniel Torres
Callout
Please see comments on the drainage plan regarding the conveyance of flows from the basins into the pond as portions of each of the basins do not reach the pond. Elaborate in your description of each of the basins and how the flow is conveyed to the pond and/or subsequent basin that will convey the flow to the pond. 

Daniel Torres
Callout
Please identify these as basins O-1 and AH in the narrative as shown on the drainage plan.

Daniel Torres
Callout
full spectrum detention is required per criteria. Please state that.

dotprete
Callout
Filing 1

dotprete
Callout
Temporary Sediment 


The underdrain system should be
placed within an 5-inch-thick
section of CDOT Class C filter
material

4.1 cfs per the
excerpt provided.
revise accordingly.

Assign a .

namg/number ] a spillway that will pass th ; of.f. Details are shown
to all PBMPs e ‘ e modified to a sand filter
ﬁng;:‘eegu i ill drain into the grated inlet
sSbmitted text he 100-year runoff. An orifice plate will be
and drawings or the installation. Detention basin
accordingly :

with consistent
labeling

throughout : ifit: Discharge from the subdivision will be into existing north-south street of Lot 1

,(‘g);"’r‘g';'\?:or e north boundary of Lot
1. The tw0 properties are under common ownership. The drainage plan for thisproperty is

“Pond 17).
. This report indicated two existing discharges: 0.2 cfs / 0.5 cfs near the southwest corner
cfs / 10.1 cfs over the remaining south frontage.

Per the drainage plan the spillway is
located in the landscape strip along
Bentgrass. The outfall pipe is not shown
on the plan. Please clarify where the
outfall is and where the developments
flow will be ultimately conveyed to.

WATER QUALITY
Water quality facilities will be provided as described above.

FOUR STEP PROCESS
The following process has been followed to minimize advers

Runoff Reduction: The scope of the development has been IMUITIZEU CONSISICIL WL ZOI1E
requirements to present the minimum footprint in providing a RV Storage development. The

undisturbed portions are to be landscaped to reduce the impervious percent. S:‘OW these locations on the
] plans

Treat and' Slowly Rslease: Detention storage is heing provided downstream by others with suh
regional facilities. Identify that detention/WQCYV is being provided by
the sand filter detention pond as identified above.
Channel Stabilizing: \The site will be graded to route the runoif over improved street instaliations 1o
provide channel stabilization in the natural erosive material over the site. Discharge from the site
will be into adjacent downstream facilities in accordance with the master drainage basin plan
for the Falcon drainage basin and previously approved subdivision drainage reports. Copies of each

plan are enclosed. Therq will be no adverse affect on downstream developments as a result of this
subdivision

construction, standard site specific state of f€Viserthe-4-step.headings to match, ECM

mitigate erosive problems. Appendix 1.7.2, (Runoff reduction, stabilize
drainage ways, provide WQCV, Consider need

8. COST ESTIMATE: for industrial and Commercial BMPSs).
Item No. Description Quanti‘gz A~ eost N —~—Lost~—
1 Sand Filter Basin 1 eac $4000.00 $4000.00
2 Grated inlet lea } 1800.00 1800.00
3 24” CI\éP drainage pipe ; | 105 l()\ s 40-00 , A 4;0909
Subtotall\anstruction Cost $ 10,000.430
Engineering 10% 1,000.(?)0

These costs do not
match the FAE
please revise.

Please show on the
drainage plan

7


Daniel Torres
Callout
revise the 4-step headings to match ECM Appendix I.7.2, (Runoff reduction, stabilize drainage ways, provide WQCV, Consider need for industrial and Commercial BMPs).

Daniel Torres
Callout
Identify that detention/WQCV is being provided by the sand filter detention pond as identified above.

Daniel Torres
Callout
4.1 cfs per the excerpt provided. revise accordingly.

Daniel Torres
Callout
Per the drainage plan the spillway is located in the landscape strip along Bentgrass. The outfall pipe is not shown on the plan. Please clarify where the outfall is and where the developments flow will be ultimately conveyed to.

Daniel Torres
Callout
Please show on the drainage plan

Daniel Torres
Cloud+

Daniel Torres
Cloud+
These costs do not match the FAE please revise.

dotprete
Text Box
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 1”).

dotprete
Callout
singular

dotprete
Callout
18-inch (minimum) filter layer

dotprete
Callout
Temporary Sediment 

dotprete
Callout
The underdrain system should be placed within an 5-inch-thick section of CDOT Class C filter material 

dotprete
Callout
slotted

dotprete
Text Box
show these locations on the plans


Falcon Storage Subdivision
Preliminary and Final Drainage Plan and Report

As the subdivision-was submitted-in
Total Estimal2023;ithe site is subject to the 2023 $11,000.00

drainage basin fees ($37,256 drainage
& $5,118 bridge). Please revise

9. FEES: At plat recording.

2021 Falcon Basin Fees: 5.004 acres @80% Impervious = 4.0032 Impervious acres
Drainage fees @ $ 34,117 per acre =$ 136,577.17

Bridge fees @ $ 4,687 per acre = § 10,762.99

Total Fees: $ 155,340.17

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 downst facilities. Site appurtenances will not adversely
affect the downstream and surrounding develQpments.

This report and findings is in general conformance with the MDDP and Preliminary Drainage

Reports or other pertinent studies

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.


Daniel Torres
Callout
As the subdivision was submitted in 2023, the site is subject to the 2023 drainage basin fees ($37,256 drainage & $5,118 bridge). Please revise

Daniel Torres
Callout
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.


MAJOR SUB AREA BASIN Te I SOIL DEV. FLOW RETURN
BASIN BASIN MIN | in/hr. | GRP TYRE 5-ry 100-yr PERIOD
PLANIM ACRES | LENGTH | HEIGHT ap ap -years-
READ -FT.- -FT.- -CFS- -CFS-
FALCON 0-1 9.75 2.47 300 4.5 27 A SF5AC. | 0.12 | 0.39
V=082 | +480 1.3 +10
37 [ 2136 0.62 3.5 5 100
HISTORIC A COGO 5.00 +525 9 +13
V=0.65 50 | 1.8 ] 28 A R/L 0.08 | 035
TOTAL 7.47 MIX 0.093 [ 0362 125 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
168 [ 32 ] 55 3.2 6.5 5 100
Ol+A | (DP-1) | 4.15 =400 8 +2 [32]55 A MIX 0310 | 0.516
N[ v=2.82 52 | 1.7]29 2.1 6.2 5 100
=7
B COGO 0.66 370 2.4 16.4 A GRAVEL | 059 [ 070 [ 13~ | 25 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 | 33 | 5.5 4.5 8.9 5 100
B+C \ +360 8 +2.7 .
(DP-2) 2%6 193 [ 3.0 ] 5.1 A GRAVEX | 0.59 | 0.70 5.2 10.4 5 100
D COGO 0.36 240 4.5 116 [ 38|64 ]| A GRAVEL | 059 | 0.70 0.8 1.6 5 100
B+C+D V=232 +50 +0.4 .
(DP-3) 3.32\ 197 [ 3.0 | 5.1 £ | GRAVEL | 059 [ 0.70 5.9 11.9 5 100
+0-1+A 747 \ | +240 | 24 +2 :
54 | 1.7 | 2.8 A MIX 0434 | 0598 | 5.5 12.& 5 100
HYDROLOGICAL COMPUTATION \BASIC DATA \ PAGE 1
PROJ: FALCON STORAGE SUB BY: O.E. WAYTS OLIVER E.[WATTS, CONSULTING ENGINEER, INC OF 7

RATIONAL METHOD

DATE: 2/4/21 1

17/22 11-21-21

614|ELKTON DRIVE COLORADO SPRINGS, CO 80907

L

Flows for DP1 do not match the drainage
plan nor the table on the drainage plan
for DP1. Revise accordingly.

-

see comment on
drainage map
regarding total flow at
the pond and revise

accordingly.



Daniel Torres
Callout
Flows for DP1 do not match the drainage plan nor the table on the drainage plan for DP1. Revise accordingly.

Daniel Torres
Callout
see comment on drainage map regarding total flow at the pond and revise accordingly.


NTION!BASIN! STAGE-STORAGE TABLE'BUILDER

MHFD-Detention, Version 4.06 (July 2022)

Project: Falcon Storage Sub.

s 10: s o-1ane YFQVide calculation as

ZONE 3
{ zoMe 1
25

. to-how this was
determined

¥

00 ft
PERMANENT- 1< Optional Optional
‘ Zone C (R ti Stage - Storage Stage Ovenide Length Width Area Override Area Volume Volume
Description (1) Stage (ft) (f) () (th) | area(th) | (acre) (ft*) ac-ft
Watershed Information Medla Surface - 0.00 - - - 5432 0.125
Selected BMP Type = SF Ratio > 8 T 1.00 ka3 - = 6,800 0.156 6,116 0.140
Watershed Area = 7.47 Ratio = 8,27 - 2.00 == o e 8,240 0.189 13,636 0313
Watershed Length = 1,640 - 3.00 Ls -~ -l 9,752 0.224 22,632 0.520
Watershed Length to Centrold = 790 - - . -
Watershed Slope =[ 0,010 /A - - -- -
Watershed Imperviousness = 64,00 percent - = o i

Percentage Hydrologic Soil Group A = 100.0%  |percent

Percentage Hydrologic Soil Group B = 0.0% percent

Percentage Hydrologic Soll Groups C/D = 0.0% percent

Target WQCV Drain Time = 12,0 hours

Location for 1-hr Rainfall Depths = User Input

After providing required Inputs above including 1-hour rainfall

depths, click ‘Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure. Optional User Overrides

Water Quality Capture Volume (WQCV) = 0.125 acre-feet acre-feet - - e -
Excess Urban Runaff Volume (EURV) = 0.591 acre-feet acre-feet - - - -
2-yr Runoff Volume (P1 = 1.19 In.) = 0.438 acre-feet 1.19 Inches - - - -
5-yr Runoff Volume (P1 = 1.5 In,) = 0.575 acre-feet 1,50 inches - - - o
10-yr Runoff Volume (P1 = 1.75In.) =|  0.685 acre-feet 1.75 Inches - - - .
25-yr Runoff Volume (P1 = 2 In.) = 0.829 acre-feet 2,00 inches - - - -
50-yr Runoff Volume (P1 = 2.25 In.) = 0.971 acre-feet 2.25 inches - - - -
100-yr Runoff Volume (P1 = 2,52 In.) = 1.145 acre-feet 252 Inches - - - -
500-yr Runoff Volume (P1 = 3.14 In.) = 1.523 acre-feet inches - - - -
Approximate 2-yr Detention Volume = 0.384 acre-feet - - - =

Approximate 5-yr Detention Volume = 0.502 acre-feet

Approximate 10-yr Detention Volume = 0.606 acre-feet

Approximate 25-yr Detention Volume = 0.730 acre-feet

Approximate 50-yr Detention Volume = 0.805 acre-feet

Approximate 100-yr Detention Volume =| 0883 |acre-feet

Define Zones and Basin Geometry

Select Zone 1 Storage Volume (Require

= acre-feet

Select Zone 2 Storage Volume (Optiogal) = acre-feet

Select Zone 3 Storage Valume (Optionptr = acre-feet

Total Detention Basin Volyme = acre-feet

Initial Surcharge Volume (I ft?

Initial Surcharge Depth (ISD)

Total Available Detention Depth (Hoy,) =

Depth of Trickle Channel (Hre) = N/A ft

Slope of Trickle Channel (Sy¢) = N/A f/ft

Slopes of Main Basin Sides (Sp,i.,) = user Hiv

Basin Length-to-Width Ratio (R ) = user

Please fill out the

Initial Surcharge Area (Aigy) = user ft .
Surcharge Volume Length (Lisy) = wer |k ZONES (| e. WQCV’
Surcharge Volume Width (Wsy) = user ft
Depth of Basin Aoor (Heo0r) = user ft EU RV-ZOne 1'
Length of Basin Foor (Lgoor. user ft
i o s o ey - oo/ 100yr-Zones 1 & 2)
Area of Basin Floor (Apoox) = user ft
Volume of Basin Floor (Veoor) = user ft?
Depth of Main Basin (Huaw) = user ft
Length of Main Basin (Lysw) = user ft
Width of Main Basin (Wyaw) = user ft
Area of Main Basln (Auuw) = user ft?
Volume of Main Basin (Vyuy) = user fe?
Calculated Total Basin Volume (Viu)) = user acre-feet

11-18-22 Basins 0-1 A-D 7-22 MHFD-Detention_v4-06.xlsm, Basin

112172022, 10:34 AM


Daniel Torres
Cloud+

Daniel Torres
Cloud+
Please fill out the zones (i.e. WQCV, EURV-zone 1, 100yr-Zones 1 & 2)

Daniel Torres
Callout
provide calculation as to how this was determined


DETENTION BASIN STAGE-STORAGE TABLE BUILDER

MHFD-Detention, Version 4.06 (July 2022)

-7 10000
- 7500
g -
£ &
§ 10 — - e Sana = = o= et 5000 &
: 1
£ H
K}
5 2500
0 J 0
0.00 1,00 2.00 3.00 4.00
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11-18-22 Basins 0-1 A-D 7-22 MHFD-Detention_v4-06.xism, Basin @ 1112172022, 10:34 AM



please fill out the spreadsheet
accordingly. MHFD has an example in | d—
PEEe Y olume 2 ichapter;i2:page-39:of-afull

spectrumrdetention/Sand filter basin.

Project: Falcon Storage Sub.

Basin ID: Basins 0-1 AND A-D Please also provide the UD-BMP
{ﬁ worksheet.
: A v further review and possible comments
ot will be provided once design of pond

Example Zone Configuration (Retentlon Pond|

has been updated/revised.

r Input: Orifice at rdrain Qutl ically used to drain WQCV in a Filtra;l
Underdrain Orifice Invert Depth = 1.00 ft (distance below the fitration media surtace) Underdrain Orilice Area =

Underdrain Orifice Diameter = 4.00 inches Underdrain Orifice Centroid =

feet
User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Pl
Centroid of Lowest Orifice = ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft?
Depth at top of Zone using Orifice Plate = ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-wWidth = N/A feet
Orifice Plate: Orifice Vertical Spacing = inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = sq. Inches Elliptical Slot Area = N/A i

User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (optional) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)
Stage of Orifice Centroid (ft)
Orifice Area (sq. inches)
Row 9 (optional) | Row 10 (optional) | Row 11 (optional) | Row 12 (optional) | Row 13 (optional) | Row 14 (optional) | Row 15 (optional Row 16 (optional) |
Stage of Orifice Centroid (ft)
Orifice Area (sq. inches)
User Input: Vertical Orifice (Circular or Rectangular) . i e lcul Parameters for Vertical Orifice
Not Selected Not Selected ’ . Not Selected Not Selected
Invert of Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = ft2
Depth at top of Zone using Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) ~ Vertical Orifice Centroid = feet
Vertical Orifice Diameter = inches
User Input: Overflow Weir (Dropbox with Flat or Sl i nd Outlet Pi R Rectangular/Trapezoidal Weir and No Qutlet Pipe) lcul Parameters for Overflow Weir
Not Selected Not Selected 8 Not Selected Not Selected
Overflow Welr Front Edge Height, Ho = ft (relative to basin bottom at Stage = 0 ft)  Height of Grate Upper Edge, H, = feet
Overflow Weir Front Edge Length = feet Overflow Weir Slope Length = feet
Overflow Weir Grate Slope = H:v Grate Open Area / 100-yr Orifice Area =
Horiz. Length of Weir Sides = feet Overflow Grate Open Area w/o Debris = ft?
Overflow Grate Type = Overflow Grate Open Area w/ Debris = ft2
Debris Clogging % = %
ser I H let Pipe w/ Flow Restriction Pl ircular Orifice, Restrictor Pl r Rectangular Orifi lcul Parameters for Qutlet Pipe w/ Flow Restriction Pl
Not Selected Not Selected Not Selected Not Selected
Depth to Invert of Outlet Pipe = ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = i
Circular Orifice Diameter = inches Outlet Orifice Centroid = feet
Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians
ser Input: Emergen illway (Rectangular or Trapezoidal lcull Parameters for Spillw:
Spillway Invert Stage= 1.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.53 feet
Spillway Crest Length = 10.00 feet provide spillway riprap Stage at Top of Freeboard = 2.53 feet
Spillway End Slopes = 3.00 H:v calculations. Show detail Basin Area at Top of Freeboard = 0.21 acres
Freeboard above Max Water Surface = 1.00 feet and riprap grad ation on Basin Volume at Top of Freeboard = 0.42 acre-ft
GEC Plans
R Hydr Resul The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
Design Storm Return Period =|[{0 "WQCV. " " [0 " "EURV. = [~ 2Year . [ " 5Year. [~ 10Year. = S 25Year |00 150 Year:l | -100iYearii | 500 Year.
One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.25 2.52 3.14
CUHP Runoff Volume (acre-ft) = 0.125 0.591 0.438 0.575 0.685 0.829 0.971 1.145 1.523
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.438 0.575 0.685 0.829 0.971 1.145 1.523
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.0 0.1 0.6 1.3 2.2 4.1
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.01 0.01 0.09 0.17 0.29 0.54
Peak Inflow Q (cfs) = N/A N/A 4.1 5. 8.3 1.8 Xi5.8
Peak Outflow Q (cfs) = 0.6 61.8 28 \ 4.1 5.0 7.4 9.0 11.2 15.3
Ratio Peak Qutflow to Predevelopment Q = N/A N/A NA [/ 81.7 71.6 11.4 6.9 5.2 3.8
Structure Controliing Flow =|| Filtration Media Spillway Spillway\ Spillway Spillway Spillway Spillway Spillway Spillway
Max Velocity through Grate 1 (fps) = N/A N/A NA [ N/A N/A N/A N/A N/A N/A
Max Velocity through Grate 2 (fps) = N/A N/A NA X AN/AN A\ A N [N AN/AN A WA AN /AN IN/AN
Time to Drain 97% of Inflow Volume (hours) = 3 4 6 6 6 6 6 6 5
Time to Drain 99% of Inflow Volume (hours) = 3 4 6 6 6 6 6 6 6
Maximum Ponding Depth (ft) = 0.91 1.12 117 1.23 1.27 1.35 1.40 1.46 1.57
Area at Maximum Ponding Depth (acres) = 0.15 0.16 0.16 0.16 0.16 0.17 0.17 0.17 0.17
Maximum Volume Stored (acre-ft) = 0.126 0.158 0.167 0.176 0.182 0.195 0.205 0.216 0.233

revise so that peak outflow is less
than predevelopment flow. Design
must comply for the full spectrum of

11-21-22 Basins 0-1 A-D 7-22 MHFD-Detention_v4-06.xIsm, Outlet Structure 11/21/2022, 10:37 AM

storms.


Daniel Torres
Cloud+

Daniel Torres
Cloud+
revise so that peak outflow is less than predevelopment flow. Design must comply for the full spectrum of storms.

Daniel Torres
Text Box
please fill out the spreadsheet accordingly. MHFD has an example in Volume 2 chapter 12 page 39 of a full spectrum detention Sand filter basin. Please also provide the UD-BMP worksheet.

further review and possible comments will be provided once design of pond has been updated/revised.

dotprete
Text Box
provide spillway riprap calculations. Show detail and riprap gradation on GEC Plans
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DETENTION BASIN OUTLET STRUCTURE DESIGN

Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

m.

The user can override the calculated inflow hydrogi

raphs from this workbook with inflow hydrographs developed in a separate progral

11-21-22 Basins 0-1 A-D 7-22 MHFD-Detention_v4-06.xIsm, Outlet Struclure

OURCE |\ CUHP: UHp [ cU CUHP. | CUHPY [ cuHp. | B [ cues
Time Interval |/ TIME ' |- WQCV.[cfs]| EURV. [cfs] | 2 Year [cfs] | 5 Year [cfs] |10 Year [cfs]| 25 Year [cfs] | 50 Year [cfs] [ 100 Year [cfs]| 500 Year [cfs]
5.00 min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.14
0:15:00 0.00 0.00 0.40 0.65 0.80 0.54 0.68 0.66 096
0:20:00 0.00 0.00 1.46 1.93 2.28 1.44 1.70 1.80 2.38
0:25:00 0.00 0.00 3.10 4.12 4.97 3.10 3.55 3.81 5,08
0:30:00 0.00 0.00 3.94 5.18 6.11 6.41 7.66 8.63 11.65
0:35:00 0.00 0.00 4.07 5.28 6.19 7.90 9.41 11.18 14.97
0:40:00 0.00 0.00 3.97 5.08 593 8.31 9.91 11.82 15,81
0:45:00 0.00 0.00 3.73 4.80 5.62 8.01° 9.52 11.60 15.55
0:50:00 0.00 0.00 3.50 4,55 5.29 7.70 9.13 11.09 14.90
0:55:00 0.00 0.00 3.29 4.29 5.00 7.19 8.50 10.44 14.02
1:00:00 0.00 0.00 3.13 4.07 4.77 6.71 7.91 9.84 13.20
1:05:00 0.00 0.00 2.99 3.88 4.57 6.32 7.43 9.36 12.58
1:10:00 0.00 0.00 2.79 3.70 4.37 5.89 6.90 8.62 11.55
1:15:00 0.00 0.00 2.58 3.46 4.16 5.47 6.39 7.88 1053
1:20:00 0.00 0.00 2.38 3.21 3.88 4.99 5.82 7.06 9.40
1:25:00 0.00 0.00 2.21 2.98 3.58 4.55 5.29 6.29 8.35
1:30:00 0.00 0.00 2.08 2.82 3.34 4.10 4.76 5.59 7.41
1:35:00 0.00 0.00 1.99 2.70 3.16 3.76 4.36 5.07 6.70
1:40:00 0.00 0.00 1.91 2.54 3.01 3.49 4.04 4.66 6.15
1:45:00 0.00 0.00 1.84 2.38 2.86 3.26 3.77 4.31 5.66
1:50:00 0.00 0.00 1.76 2.23 2.72 3.05 3.52 3.98 5.22
1:55:00 0.00 0.00 1.63 2.09 2.57 2.85 3.29 3.68 4.81
2:00:00 0.00 0.00 1.49 1.94 2.38 2.66 3.06 3.39 441
2:05:00 0.00 0.00 1.29 1.69 2.06 2.32 2.66 2.94 3.82
2:10:00 0.00 0.00 1.10 1.43 1.75 1.98 2.27 2.50 3.25
2:15:00 0.00 0.00 0.92 1.20 1.46 1.65 1.89 2.08 2.69
2:20:00 0.00 0.00 0.75 0.98 1.20 1.35 1.54 1.69 218
2:25:00 0.00 0.00 0.61 0.79 0.98 1.08 1.23 1.34 1.71
2:30:00 0.00 0.00 0.50 0.65 0.80 0.85 0.96 1.02 1.30
2:35:00 0.00 0.00 0.41 0.54 0.68 0.68 0.76 0.80 1.01
2:40:00 0.00 0.00 0.34 0.45 0.57 0.55 0.62 0.64 0.80
2:45:00 0.00 0.00 0.29 . 0.38 0.47 0.45 0.51 0.51 0.64
2:50:00 0.00 0.00 0.24 .0.32 0.39 0.37 0.41 0.41 0.51
2:55:00 0.00 0.00 0.20 0.26 0.33 0.30 0.34 0.32 0.40
3:00:00 0.00 0.00 0.17 0.21 0.27 0.24 0.27 0.26 0.32
3:05:00 0.00 0.00 0.14 0.18 0.22 0.20 0.22 0.21 0.26
3:10:00 0.00 0.00 0.11 0.14 0.18 0.16 0.18 0.17 0.21
3:15:00 0.00 0.00 0.09 0.12 0.14 0.13 0.15 0.14 0.17
3:20:00 0.00 0.00 0.07 0.09 0.11 0.11 0.12 0.11 0.14
3:25:00 0.00 0.00 0.06 0.07 0.09 0.08 0.09 0.09 0.11
3:30:00 0.00 0.00 0.04 0.05 0.07 0.06 0.07 0.07 0.08
3:35:00 0.00 0.00 0.03 0.04 0.05 0.05 0.05 0.05 0.06
3:40:00 0.00 0.00 0.02 0.03 0.03 0.03 0.03 0.03 0.04
3:45:00 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.02 0.02
3:50:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Required Area per Row ('mz)

Depth at Outlet (ft)

Circular Perforation Sizing

1.0 15 2.0 25 30 | 35 40 | 45

2 [1504 | 7.71 | 5.10 376 | 295| 241 | 202 | 1.73

1 | 752 | 386 | 255 1.88 148 | 121 | 1.01 | 087
=| 06 | 451 | 231 | 153 143 | 089 | 0.72 | 061 | 052
o[ 04 | 301 | 154 | 1.02 075 | 059 | 048 | 040 | 0.35
S 02 ] 150 [ 077 |.059 038 | 030 0.24 | 020 | 0.17
E| 01 ] 075-| 039 | 0.26 019 | 015| 042 | 0.10 | 0.09
2| 006 | 045. | 023 | 015, | 011 |° 0.09| 007 | 006 | 0.05
= [ 004 | 030 | 0.5 | 0.10 0.08 | 0.06| 0.05 | 004 | 0.03
% 0.02 | 015.] 008 | 0.05 0.04 | 003| 002 | 002 | 002
o[ 001] 008 | 004 | 003 0.02 | 001| 001 | 001 | 001

TABLE SB-1

6 Ay A-D WLECY
(zs AR Tsdeser

032:2,5 Wt
leQ “//b 4@ él’

T8

Hole Diameter Hole Diameter Area per Row (in%)

(in) (in) =1 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 0.11 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 (= 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 1.23 245 3.68
13/8 1.375 1.48 2.97 4.45
11/2 1.500 1.77 3.53 5.30
1 5/8 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" i 5/16" 1 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 =" D8 kS ?
; AREA D 873
-FT2- -FT- N=0.010 N=0.013 N=0.024 N=0.026
0.02182 0.008413 0.3895 --- --- -
0.08727 0.053420 2.4733 --- --- ---
0.19630 0.157500 7.2922 5.609 --- ---
0.34910 0.339200 15.7050 12.081 --- ---
0.54540 0.615000 28.4745 21.903 --- ---
0.78540 1.000000 46,3000 35,015 - == - -
1.22720 1.813100 83.9465 64.574 --- ---
1.76710 2.948300 136.5100 105.000 56.88 52.50
2.40530 4.447400 205.9100 158.400 85.80 79.20
3.14160 6.349600 293,9900 226.140 122.49 113.07
3.97610 8.692700 402.4700 309.590 167.70 154,79
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 7%3.1004C0 --- 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 21.5.524500 --- 7676.000 4158.00 |3838.00
50.26550 256.000000 --- 9118.000 4939,00 14559.00
63.61730 350.466600 --- 12480.000 . 6761.00 |6140.00
78.53980 464,158900 --- 16530.000 8954.00 |[8265.00
Oliver E. Watts

Consulting Engine
Colorado Springs
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National Flood Hazard Layer FIRMette ; Legend

104°37'51"W 38°56'56"N i ; i SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT

Without Base Flood Elevatlon (BFE)
Zone A, V, A99

SPECIAL FLOOD With BFE or Depth Zone AE, A0, AH, VE, AR
HAZARD AREAS Regulatory Floodway

0.2% Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average

depth less than one foot or with drainage
areas of less than one square mile Zone X

\\? Future Conditions 1% Annual
- Chance Flood Hazard zone X
. Area with Reduced Flood Risk due to

OTHER AREAS OF | ~ Levee. See Notes, Zono X
FLOOD HAZARD | i’ Area with Flood Risk due to Levee Zone D

No scReeN Area of Minimal Flood Hazard Zone X

[ Effective LOMRs

OTHER AREAS Area of Undetermined Flood Hazard Zone !

GENERAL | = = == Channel, Culvert, or Storm Sewer
STRUCTURES [111t111 Levee, Dike, or Floodwall

3 Cross Sectlons with 1% Annual Chance
N : Ly Water Surface Elevation
CAREA'OEMINIMAL FLOOD HAZARD Coastal Transect
"y TRt i Base Flood Elevation Line (BFE)
Limit of Study

Coastal Transect Baseline

7135 RBSDDZ EL'PASO.COUNTYEE } ——— Jurisdiction Boundary
080059 oot | ; o
08041C0535G T |8 17135 RESH-RIAAF R Profile Baseline

- : . g y Hydrographic Feature
,{',.‘"f‘}e'tj. 12/7/2018 EEem L8 LAl eff. 12/7/2018 yarograp
-3 e e Lt j ‘ _ | Digital Data Available -

No Digital Data Available
MAP PANELS Unmapped

? The pin displayed on the map is an approximate
point selected by the user and does not represen
an authoritative property location.

This map complies with FEMA's standards for the use of
. o k- ; digital flood maps If It is not void as described below.
r o FRELE
- -‘3 : 4 The basemap shown complies with FEMA's basemap

,.'a accuracy standards

The flood hazard information Is derived directly from the -
authoritative NFHL web services provided by FEMA. This map
was exported on 3/25/2021 at 9:47 AM and does not
reflect changes or amendments subsequent to this date and
time. The NFHL and effectlve Information may change or
become superseded by new data over time.

This map image Is void if the one or more of the following map
elements do not appear: basemap imagery, flood zone labels,
legend, scale bar, map creation date, community identifiers,
FIRM panel number, and FIRM effective date. Map images for
unmapped and unmodernized areas cannot be used for
regulatory purposes.

104°37'13"W 38°5628'N




This map is for use in administering the National Flood Insurance Program. It does
not necessarily idenify il areas subject to flooding, particularly from focal drainage fﬁs&n&ﬁe#gxﬂ mg@hﬁ%ﬁm T
saurces of small size. The community map repository should be consulted for
possible updated or additional flood hazard information. PO 2250000 FT 3255000 FT 104* 35 37.50° The 1% annual chence Maod (100-year flood), aiso knewn s the base flood, is the Nood
Tc d Flood lons (BFEs) i L NS PN o . 3" 58750 “ﬁ,ﬁ‘:.‘.’%ﬁ"f::::!:;f‘:‘:“ﬁ: by n",‘:.'".:.‘“:". :::r’lz“:md ~£’,2°:
© obtain more detailed information in areas where Base Flood Elevatlons s 38° 50°7.50" T " i .
 Toodueys nve been eermined, e e o il he Focd 2 I R T
Profiles and Floodway Data and/or Summary of Stillwater Elevations tables contained a3
within the Flood Insurance Study (FIS) repont that accompanies this FIRM. Users cld Z0NEA Mo Base Fioad Elevations determined.
should be aware that BFEs shown on the FIRM represent rounded whole-foct ELPASH COUNTY ZONERE  Base Fiood Elcvations determioed,
elevations. These BFEs are intended for flood insurance raling purposes only and U\‘N('ORP()RA‘I‘E}J AREAS ZONEAH  Flood depths of 1 to 3 feet (sually 2reas of ponding); Base Fiooa
should not be used as the sole source of flood elevation information. Accordingly, i Elevations determined.
flood elevation data presented in the FIS report should be utilized in conjunction with 8 ZONEAO  Fioad depths of 1 to 3 feet (isuaty sheet how on sioping Lesin); sverage
the FIRM for purposes cf construction and/or floodplain management. Oephs determined.  For Brees of alkvial fan ficading, velamoes aiso
Coastal Base Flood Elevations shown on this map apply only landward of 0.0" g ZONE AR Special Flood Hazard Area Formerly protected from the 1% ennual chance
North American Vertical Datum of 1988 (NAVDE8S). Users of this FIRM should be o flood by a flood conUl System that was Subsequently Cecertifed. Zone
aware that coastal flood elevations are also provided in the Summary of Stillwater g AR indicales m’mz Mm;em-:mmw system l‘: b:lb: restored to
Elevations table in the Flood Insurance Study report for this jurisdiction. Elevations 2 2 provide protection from the 1% annual chence or greater flood.
shawn in the Summary of Stillwater Elevations tabie should be used for construction B E L, ) ZONE A9  Aree to te protected from 1% snnual charce flood by a Federal flood
and/or floodplain management purposas when they are higher than the elevations \ i AL 3 S ] oygeemy protection  system under  construction; no Base Flood  Elavatons
shown on this FIRM, T portRceR ¥ 2 determined.
1 H ZONEV Ceastal fiood Tne wkh velocty hazad (wave 2coon); no Base Food
of the were puted at cross sedlions and interpolated & 3 Bevations determined.
between cross sections. The floodways were based on hydraulic considerations with ZONEVE  (Ccastal flood zone with velocty hazard (wave paion); Base Mood
regard lo requirements of the National Flood Insurance Program. Flocdway widihs Devetions determined.
::dmoi;h;: :;:‘i_’r;ennl floodway data are provided in the Flood Insurance Study report FLOODWAY AREAS IN ZONE AE
The foodway Is the channel of a Stream pius any adjacent floadpicin areas that must be
Certain areas nol in Special Flood Hazard Areas may be profected by flood control kepl free of encroactiment s that the 1% znnual chance fload can be carried withaut
structures. Refer (o section 2.4 *Flood Protection Measures® of the Flaod Insurance substanlial increases In fload heights.
Study repont for infarmation on fiood control structures for this jurisdiction. | " - SR ABGD AR
S = 00D
The projection used in the preparation of this map was Universal Transverse { SHADOW CREEK CT E - sneos i Tenemcel N
Mvarc.alor (UTM] zone 13. Tn_e horizontal datum was NAD83, GRS80 :p?.‘ﬂoid. 1 3 ZONE X ms;u%:r:uc:::: m‘:’in m;‘k 'crr:;uks m; s
Differences in datum, sphercid, projection or UTM zones zones used in the { H o square mile; and eres proteced ty levees from 1% annuzl chance fload.
production of FIRMs for adjacent jurisdictions may resull in slight posilional 36 @« z 3
differences in map features across jurisdicti ies. These di do nal 2 E g :I OTHER AREAS
affect the accuracy of this FIRM. b 5 Z
Food el i f he North American Vertical Dat H e = 8 ZONEX - Avens etormined t be outsie ne 0% o
locd elevations on this map are referenced lo the North American Vertical Datum ’
of 1988 ). These fiood jons must be to structure and 2 ZONED  Areas in which flood hazarcs are undetenmined, but possible.
ground elevations referenced to the same vertical datum. For information regarding g -
conversion between the National Geodetic Vertical Datum of 1929 and the North RNXXY  COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS
American Vertical Datum of 1988, visit the National Geodelic Survey websile at
Niip://www.ngs.noaa gov/ or eontact the National Geodetic Survey at the foliowing OTHERWISE PROTECTED AREAS (OPAS)
address:
CBRS arees and OPAS bre normally located within or bejecent to Special Flood Hazard Arees.
NGS Information Services T
NOAA, NINGS12 RED LOOGE RO
National Geodelic Survey ] E——s Flooday boundary
SSMC-3, #9202 = —_— Zore D Boundary
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Chapter 6 . Hydrology

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

Runoff Coeffldents

Land Use or Surface Percent
Characteristics Impervious 2-year S-year 10-year 25-year 50-year 100-year
HSG A&B | HSG CAD | HSGARB | HSG C&D | HSG A&B | HSG C&D | HsG A&B | HsG caD | HsG A&B | HsG cap | HsG A&B | 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 Ighporhuod 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
Residentlal
1/8 Acre or less 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 0.47 043 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 0.12 017 0.20 0.26 0.27 0.34 0.35 0.44 0.40 0.50 0.44 0.55
Industrial s
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
Rallroad 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 z 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

Offsite Flow Analysls (when 5 e

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 (#,) plus the
travel time (#,) 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

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

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

t,= 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
L= 033
Where:

(Eq. 6-8)

t, = 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 timie, ¢, 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=Cs8,» (Eq. 6-9)
Where:
V = velocity (ft/s)
C, = conveyance coefficient (from Table 6-7)
S,, = watercourse slope (ft/ft)
6-18 r ; City of Colorado Springs May 2014
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Chapter 6 Hydrology

Table 6-7. Conveyance Coefficient, C,

Type of Land Surface . &
Heavy meadow * “ ' 25
Tillage/field 5
Riprap (not buried)’ 6.5
Short pasture and lawns Sl 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
. =—+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-yéar 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

May 2014 City of Colorado Springs. . 6-19
Drainage Criteria Manual, Volume 1



Hydrology Chapter 6

Figure 6-5. Colorade Springs Rainfall Intensity Duration Frequency
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Daniel Torres
Cloud+

Daniel Torres
Cloud+
Per the contours, flow from a large portion of basin B will go down the driveway and into Bent Grass Meadows Drive instead of the pond as required. Revise accordingly.

Daniel Torres
Callout
If DP1 (11.8 cfs) and DP2 (10.4 cfs) will converge at this location how is the total flow going into the pond (DP3) only 12.5 cfs? revise accordingly.

Also provide analysis of flow down concrete rundown and provide any necessary forebay & energy dissipater at the bottom

Daniel Torres
Callout
label the proposed contour

Daniel Torres
Pen

Daniel Torres
Highlight

Daniel Torres
Cloud+

Daniel Torres
Cloud+
Per contours, flow from this portion of basin C will continue toward bent grass meadows. Revise accordingly so that flow is conveyed to the pond.

Daniel Torres
Cloud+

Daniel Torres
Cloud+
Portions from basin A and D would not be conveyed to the pond per the contours shown. Please revise the design accordingly so that developed flows enter the pond.

Daniel Torres
Callout
Identify how the flow from DP 2 coming down the drive aisle will turn down what i assume is a concrete rundown instead of continuing to the south into basin D. Provide spot elevations throughout the drainage plan and GEC plan to ensure that flow is conveyed to the appropriate locations. 

consider the use of cross pans, "V" type driveway sections, curb/gutter etc to convey flows to the pond

Daniel Torres
Callout
flows do not match the calculations nor the table on the right. Revise accordingly. Be sure to account for both basin A and basin O-1 flows.

Daniel Torres
Callout
DP 2 is indicated as 5.2 cfs and 10.4 cfs (5yr & 100yr) in the calculations. revise so that they are consistent with each other.

Daniel Torres
Callout
identify where the outlet pipe is located.

dotprete
Callout
slope drain pipe and filter material towards outlet structure

dotprete
Text Box
Provide energy dissipation at all inlet points into the sand filter (and calcs in drainage report). Use an impact basin for pipes and a baffle chute or grouted sloping boulder drop if a channel or swale is used, or install a Type VL or L riprap basin underlain with geotextile fabric at the inlet. Fill all rock voids with the filter material specified in Table SF-1.

dotprete
Line

dotprete
Line

dotprete
Line

dotprete
Line

dotprete
Callout
TSBs collect water in pond and discharge to outfall. adjust drain pipe accordingly


