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Engineer’s Certification

I affirm that this report and plan for the Phase II drainage design of Ridgegate Development was
prepared by me (or under my direct supervision) in accordance with the provisions of Douglas
County  Drainage  Design  and  Technical  Criteria  for  the  owners  thereof.   I  understand  that
Douglas County does not and will not assume liability for drainage facilities designed by others.

Aaron Clutter, P.E. Date

State of Colorado No. 36742
For and on Behalf of JR Engineering
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I. GENERAL LOCATION AND DESCRIPTION

A. Site Location
The subject portion of the proposed Ridgegate development is located in Sections 23 and 24,
Township 6 South, Range 69 West and Section 18, Township 6 South, Range 67 West of the 6th
Principal Meridian.  The site is located to the south of Ridgegate Parkway, east of Interstate
Highway 25 (I-25), and north of the public service right-of-way. The site is bisected by reaches
of Happy Canyon Creek and Badger Gulch run adjacent to the site on the west and east.  The site
is shown in the figure below.

SITE

Figure 1: Vicinity Map

B. Description of Property
The site of the proposed Ridgegate Development consists of approximately 716 acres of
undeveloped land. The proposed development will consist of a school site, parks, a recreation
center, commercial lots, district roadways, and approximately 1590 residential lots with a
mixture of single and multi-family. The site is currently unoccupied and undeveloped and is
vegetated with native grasses and shrubs. The majority of soil in the proposed development is
classified by the Natural Resource Conservation Service (NRCS) as Hydrologic Group C and D
with small portions of the site consisting of Hydrologic Group B. Hydrologic Group B soils are
described as “soils that have a moderate infiltration rate when thoroughly wetted and consists
primarily of moderately deep to deep, moderately well to well drained soils with moderately fine
to moderately coarse textures.” Hydrologic Group C soils are described as “soils that have low
infiltration rates when thoroughly wetted and consist chiefly of soils with a layer that impedes
downward movement of water and soils with moderately fine to fine structure.” Hydrologic
Group D soils are described as “soils that have very low infiltration rates when thoroughly
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wetted and consist chiefly of clay soils with high swelling potential, soils with a permanent high
water table, soils with a claypan or clay layer at or near the surface and shallow soils over nearly
impervious material.”

The site slopes average 0-25% with some areas up to and over 33%. The terrain is mountainous
and  relatively  steep  throughout.  The  historic  drainage  patterns  for  the  site  are  split  in  two
directions. The western half of the site drains north and west to Happy Canyon Creek, while the
eastern half of the site drains to the north and east to Badger Gulch.

The site is shown on the Federal Emergency Management Agency (FEMA), Flood Insurance
Rate Map (FIRM) Community Panels No. 08035C0063G and 08035C0064G, February 17, 2017
and March 16, 2016 respectively. The majority of the site lies within Zone X which is the flood
insurance rate zone that corresponds to areas outside the one percent annual chance floodplain.
See the FIRM Map located in Appendix A. Portions of the site, consisting of approximately 50
acres, are located within the 100 year floodplains of Happy Canyon Creek and Badger Gulch.
These 100 year floodplains are further discussed in the “Happy Canyon Creek Flood Hazard
Area Delineation”, by Muller Engineering Company, dated July 2014. There will be no proposed
development of these areas.

There are two major drainage ways located adjacent to the site: Happy Canyon Creek and
Badger Gulch. Happy Canyon Creek is located on the western edge of the site while Badger
Gulch is located on the eastern edge of the site and is tributary to Happy Canyon Creek. Happy
Canyon Creek and Badger Gulch each lie within a 100-year floodplain identified as Zone A in
the FEMA FIRM Panels No. 08035C0063G and 08035C0064G.

There is one irrigation canal located on site: Arapahoe Canal. This is an abandoned irrigation
canal that crosses the proposed development.

There are no active ditch facilities located within the site. There are no significant geologic
features within the area to be developed, and areas of higher topography within the site will
remain undeveloped under a conservation easement.
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II. DRAINAGE BASINS AND SUB-BASINS

A. Major Drainage Basins
The Ridgegate Development lies within the Happy Canyon Creek and Badger Gulch drainage
basins, which are left bank tributaries of Cherry Creek. The Badger Gulch drainageway is
tributary to Happy Canyon Creek. This report has been prepared in conformance with the
“Master Drainage Plan for Ridgegate – Happy Canyon Creek and Badger Gulch Drainage
Basins”, by Merrick & Company, revised May 2017.

In the existing condition, storm runoff from the undeveloped site on the western half of the site
drains into Happy Canyon Creek via overland sheet flow and natural drainage channels.  Storm
runoff on the eastern half of the site drains into Badger Gulch via overland sheet flow and natural
channels.

Development of the project site will result in increased runoff volume to Happy Canyon Creek
and Badger Gulch. Onsite WQ/EURV ponds will be provided. Some incidental detention is
provided due to the filling of the pond and the routing of the flows through the outlet structure.
The proposed Ridgegate EURV ponds are proposed to discharge at a 100-year peak rate not less
than 85% of the un-detained 100-year peak flows. This has been established in coordination with
Merrick  &  Company  in  order  to  minimize  the  adverse  effects  of  the  peak  discharge  from  the
Ridgegate Development coinciding with the peaks in the respective receiving drainageways.
Online detention is proposed in Happy Canyon Creek and Badger Gulch (by others). The inflows
into Happy Canyon Creek and Badger Gulch will be analyzed in a separate drainage report by
Merrick & Company. Per the “Master Drainage Plan for Ridgegate – Happy Canyon Creek and
Badger Gulch Drainage Basins”, by Merrick & Company, revised May 2017, creek stabilization
improvements are proposed (by others) within the channels to stabilize the drainageways and
protect against the effects of urbanization in the watersheds.

Offsite basins OS1-OS9 will generally sheet flow north where runoff will be captured by storm
sewer and routed to the EURV ponds and then outfall to either Happy Canyon Creek or Badger
Gulch. Sub-basin OS1-OS8 will outfall into Happy Canyon Creek, while sub-basin OS9 will
outfall into Badger Gulch.

B. Minor Drainage Basins
There are eight developed condition basins denoted within this report. Each basin is
representative of a particular storm sewer system and outfall location. The majority of the basins
are routed to the EURV ponds A, B, C, D, E, F,  R, and the existing WQ pond E. The existing
WQ pond was constructed as part of the Ridgegate Parkway Improvement project. Excerpts are
included in Appendix D.

The EURV Pond A Basin consists of 29 proposed sub-basins A0-A15 with three offsite sub-
basins OS7a, OS7b and OS8 combining for a total of 165.5 acres. This basin represents the
northwestern portion of the proposed development. These sub-basins are primarily a school site,
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roadways, parks, commercial lots, and residential lots. Stormwater runoff is conveyed via curb &
gutter and swales. Runoff is captured via a series of proposed on-grade and sump inlets as well
as area inlets in the open space swales. Runoff is then piped north to the proposed EURV Pond
A. The treated/detained pond releases are discharged to Happy Canyon Creek.  Pond A has been
design to capture primarily Phase 1 and a portion of Phase 2 of the Ridgegate development.

The EURV Pond B Basin consists of 19 proposed sub-basins B0-B7 with 10 offsite sub-basins
OS2b-OS6b combining for a total of 256.0 acres. This basin represents the western portion of the
proposed  development.  These  sub-basins  are  primarily  residential  lots,  roadways,  and  open
space. Stormwater runoff is conveyed via curb & gutter and swales. Runoff is captured via a
series of proposed on-grade and sump inlets as well as area inlets in the open space minor
drainageways. Runoff is then piped north to the EURV Pond B. The treated/detained pond
releases are discharged to Happy Canyon Creek.  Pond B has been design to capture primarily
Phase 2 and a portion of Phase 3 of the Ridgegate development.

The  EURV Pond C Basin  consists  of  three  proposed  sub-basins  C0-C1b with  two offsite  sub-
basins OS1 and OS2a combining for a total of 59.8 acres. This basin represents the southwestern
portion of the proposed development. These sub-basins are primarily residential lots, roadways
and open space. Stormwater runoff is conveyed via curb & gutter and swales. Runoff is captured
via a series of proposed sump inlets as well as area inlets in the open space minor drainageways.
Runoff is then piped north to the proposed EURV Pond C. The treated/detained pond releases are
discharged to Happy Canyon Creek.  Pond C has been design to capture a portion of Phase 3 of
the Ridgegate development.

The EURV Pond D Basin consists of three proposed sub-basins D0-D2 combining for a total of
22.8 acres. This basin represents the western portion of the proposed development. These sub-
basins are primarily parks. Stormwater runoff is conveyed northwest to the EURV Pond D. The
treated/detained pond releases are discharged to Happy Canyon Creek.  Pond D has been design
to capture a portion of Phase 1 of the Ridgegate development.

The EURV Pond E Basin consists of 11 proposed sub-basins E0-E8 combining for a total of 38.0
acres. This basin represents the northeastern portion of the proposed development. These sub-
basins are primarily residential lots, roadways, and parks. A portion of the stormwater runoff is
conveyed via curb & gutter. Runoff is captured via proposed sump inlets. Runoff is then piped
west to the proposed EURV Pond E. The treated/detained pond releases are discharged to Badger
Gulch.  Pond E has been design to capture a portion of Phase 4 of the Ridgegate development.

The  EURV  Pond  F  Basin  consists  of  9  proposed  sub-basins  F0-F8  with  one  offsite  sub-basin
OS9  combining  for  a  total  of  85.9  acres.  This  basin  represents  the  southeastern  portion  of  the
proposed development. These sub-basins are primarily residential lots, roadways, and minor
open spaces. Stormwater runoff is conveyed via curb & gutter and swales. Runoff is captured via
a series of proposed on-grade and sump inlets as well as area inlets in the minor drainageways.
Runoff is then piped east to the proposed EURV Pond F. The treated/detained pond releases are
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discharged  to  Badger  Gulch.   Pond  F  has  been  design  to  capture  a  primarily  Phase  5  of  the
Ridgegate development.

The  EURV Pond R Basin  consists  of  25  sub-basins  R0-R3,  RB1-RB8b,  RC1-RC6f  combining
for a total of 70.0 acres. These basins are primarily residential lots, commercial lots, roadways,
and include a portion of Ridgegate Parkway. The stormwater runoff is conveyed via curb &
gutter and swales. Runoff is captured via a series of existing and proposed on-grade and sump
inlets. Runoff is then routed via existing pipe west within Ridgegate Parkway to the proposed
EURV  Pond  R.  The  treated  water  is  then  released  to  an  outfall,  which  discharges  into  Happy
Canyon Creek. EURV Pond R will replace the existing WQ Pond B located on the north side of
Ridgegate Parkway. This existing water quality pond was installed with the Ridgegate Parkway
expansion and was planned to be temporary, so it will be removed and all stormwater runoff will
be rerouted to EURV Pond R.  Pond R has been design to capture a portion of Phase 1, 3 and 4
of the Ridgegate development.

The existing Water Quality Pond E consists of six sub-basins RE1-RE5 combining for a total of
20.4 acres. These basins are primarily residential lots, roadways, and minor open spaces. The
stormwater runoff is conveyed via curb & gutter and swales. Runoff is captured via a series of
existing and proposed on-grade and sump inlets. Runoff is then routed via existing pipe east
within Ridgegate Parkway to the existing WQ Pond E. The treated water is then released to an
outfall, which discharges into Badger Gulch.  Existing WQ Pond E has been design to capture a
portion of Phase 4 of the Ridgegate development.

Proposed eight sub-basins OF1 - OF8 are not proposed to be routed to the EURV ponds based on
the locations.  Sub-basin OF1 and OF2 are located in close proximity to the Happy Canyon and
Badger Gulch drainageways and include only proposed roadways.  The low point of the road is
located near the channel crossings and it is proposed to discharge directly into the channel.  Sub-
basins OF3 – OF8 include the back half of proposed residential single family lots.  The sub-
basins back up to Happy Canyon or Badger Gulch and are not proposed to be routed to a EURV
pond.  A grass buffer is proposed on the back side of the lot to provide water quality.
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III. DRAINAGE DESIGN CRITERIA

A. Regulations
Storm drainage analysis and design criteria for this project were taken from the “Storm Drainage
Design and Technical Criteria Manual” (SDDTCM) by Douglas County and the “Urban Storm
Drainage Criteria Manual” (USDCM) by Mile High Flood Control District (MHFD).

B. Drainage Studies
The site has previously been studied by multiple reports. The “Master Drainage Plan for
Ridgegate-Happy Canyon Creek and Badger Gulch Drainage Basins”, by Merrick & Company,
revised May 2017, has been utilized for the overall master planning of the site.

The “Phase III Drainage Report for Ridgegate Parkway Expansion – Phase I”, by Merrick &
Company, dated October 2018, and the “Phase III Drainage Report for Ridgegate Parkway
Expansion – Phase II”, by Merrick & Company, dated October 2018, have been utilized to
confirm that this drainage report is in conformance with the allowable inflows into the existing
storm sewer system located in Ridgegate Parkway.  The allowable versus the proposed inflows
into the existing storm sewer systems is presented in Table 2.

The “Happy Canyon Creek Flood Hazard Area Delineation”, by Muller Engineering Company,
dated July 2014, has been utilized for 100 year floodplain mapping.

C. Hydrology
The Rational method was utilized to determine the hydrology of the site. Rational method
calculations were prepared for the sub-basins that directly impact the sizing of minor
drainageways and pipe sizing. The 5-year storm was analyzed as the minor storm and the 100-
year storm was analyzed as the major storm for aspects of design.  The site is located in Douglas
County Rainfall Zone 1. One-hour point rainfall values were taken from the SDDTCM and used
in equation 5-1 from the USDCM to calculate intensities. 1-hour point rainfall values of 1.43
inches and 2.60 inches were used for a 5-year and 100-year storm events respectively.

Standard Forms SF-2 and SF-3 were used to determine the runoff from the minor and major
storms on this site. Runoff coefficients were determined based on data presented in Table 6-5
from the USDCM. Basin percent impervious values were calculated based on proposed future
land use and from data on Table 6-3 from the USDCM. Times of concentration were developed
using equations from the USDCM. All runoff calculations and applicable charts and graphs are
included in Appendix B of this report.

The hydrology calculations are presented in Appendix B.

D. Hydraulics
The sizing for the minor drainageways, emergency overflow spillways, and the EURV pond
trickle channels will be provided with the Phase III Drainage reports for the site.  All curb and
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area  inlet  sizing  and  street  capacity  calculations  will  be  provided  with  the  Phase  III  Drainage
reports for the site.

For this Phase II report, all storm sewer sizes shown on the drainage maps and in the calculations
are preliminary. The pipes have been sized using only Manning’s equation and are included in
the SF-3 Rational Method calculations. At this time, profiles have not been completed for the
storm sewer; therefore all slopes are reasonable assumptions to obtain a preliminary size.
Hydraulic grade calculations and final storm sewer sizing will be prepared with the Phase III
Drainage reports prepared for this project.

E. Pond Calculations and Water Quality Enhancement
The Ridgegate Development will be serviced by seven EURV ponds and one existing WQ pond.
Outlet  structures  for  these  ponds  will  feature  perforated  plates  for  the  WQCV  and  EURV
discharge. These ponds were sized and designed per Mile High Flood Control District (MHFD)
methods and criteria using the MHFD-Detention_v4.03 workbook as the primary design tool.
The MHFD-Detention workbook was used to calculate detention volume requirements and to
size the outlet structure.  The UD-BMP_v3.07 workbook (MHFD) was used to design the grass
buffers.  The grass buffers are designed to provide water quality to the basins not routed to the
EURV ponds

The MHFD-Detention and BMP calculations are presented in Appendix C.

All runoff from the proposed site will be captured and piped to seven proposed EURV ponds
located offline from the receiving drainageways. Prior to being released into Happy Canyon
Creek or Badger Gulch, the stormwater runoff will receive water quality in the proposed offline
EURV Ponds, which will mitigate adverse impacts to stormwater quality.  Detention will be
provided in Happy Canyon Creek and Badger Gulch per the “Master Drainage Plan for
Ridgegate – Happy Canyon Creek and Badger Gulch Drainage Basins”, by Merrick & Company,
revised May 2017.  As a result, detention is not required in the on-site ponds within the
Ridgegate development and will be required to only provide the WQCV and EURV volumes.

The ponds have been designed to release at a minimum 85% of the 100-year developed inflow.
The pond outfalls to the receiving drainageways will include energy dissipation for the 100-year
outfall and are planned to include low tail-water basins.  The outfalls will be riprapped into
Happy Canyon Creek or Badger Gulch to either the thalwag of the channel or the 100-year
floodplain.
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IV. STORMWATER MANAGEMENT FACILITY DESIGN

A. Stormwater Conveyance Facilities
The conveyance system within Ridgegate Development is that of a typical subdivision with curb
and gutter capturing and conveying flows to on-grade and sump storm sewer inlets.
Concentrated off-site flows are proposed to be channelized via minor drainageways and routed
into the proposed storm sewer system and to the ponds.

For this submittal, all critical design points have been evaluated for preliminary pipe sizing. On-
grade inlets have been preliminarily located to determine storm sewer sizing. Street capacity
calculations, inlet calculations and storm pipe HGL’s will be evaluated in the Phase III Drainage
reports for this site.

All storm sewer pipes, inlets, and streets will be public improvements. The EURV ponds will
reside on property owned by the City of Lone Tree but will be maintained by the Rampart Range
Metro District. Easements and tracts will be established to allow for maintenance access to
drainage facilities. Offsite drainageways will be located in easements.

B. Stormwater Storage Facilities
There are seven proposed EURV ponds within this project: five of which will outfall into Happy
Canyon Creek, two will outfall into Badger Gulch.  In-line detention is planned to be provided
within Happy Canyon and Badger Gulch per the Ridgegate Master Drainage Report and will not
be provided in the on-site ponds.

The proposed EURV ponds will utilize forebays at each outfall point into the pond in order to
dissipate the energy from the storm runoff and collect sediment. Trickle channels will then
convey the runoff to the outlet structure. The outlet structure will include micropools and contain
the respective initial surcharge volumes.  The outlet structure will utilize orifice plates for both
the water quality capture volume (WQCV) and EURV. The outlets structure orifice plate will be
sized to release the WQCV event over a period of 40 hours. For the developed 100-year inflows,
an  overflow grate  on  the  top  of  the  outlet  structure  will  be  used  with  minimal  to  no  detention
provided. All flows up to the 100-year discharging from the pond will then enter the channel via
pipe. The ponds will also have emergency spillways to discharge emergency flows that are
greater than the 100 year. Trash racks will be used to prevent any trash from escaping the
development and for easy cleaning. A maintenance access trail will be constructed for easy
access to the outlet structure and forebays for maintenance and repairs.

All pond outfalls will be riprapped into Happy Canyon Creek or Badger Gulch.  The flows from
the ponds are proposed to discharge into Happy Canyon Creek or Badger Gulch upstream of the
100-year floodplain and include a low-tailwater basin.   In the situation that grading is done
within the 100 year floodplain, a no-rise certification and a floodplain permit will be required.
The preliminary pond volumes and water surface elevations for the WQCV, EURV, and 100
year storm events for each pond are shown in the table below.
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A. Water Quality Enhancement Best Management Practices
Water quality is generally being provided for the site in the seven water quality and EURV ponds
prior to entering Happy Canyon Creek and Badger Gulch. The ponds will be designed as Full-
Spectrum Detention/EURV Ponds and will utilize forebays and an outlet structure to treat storm
water runoff from the proposed development.  The forebays will be used to dissipate the energy
of  the  runoff  and  allow any  remaining  sediment  to  settle  out  of  the  water  before  it  departs  the
pond.   The  outlet  structure  has  been  design  with  an  orifice  plate  and  designed  to  release  the
WQCV event over a period of 40 hours.

Table 1: EURV Pond Parameters

Proposed sub-basins OF3 – OF8 include the back half of proposed residential single family lots.
The sub-basins back up to Happy Canyon or Badger Gulch and are not proposed to be routed to a
EURV pond.  A four foot side grass buffer is proposed on the back side of the lot to provide
water  quality.   Each  lot  is  expected  to  have  an  inflow of  no  more  than  0.2  cfs  in  the  two-year
storm and spans a minimum of approximately 45 feet along the channel.  Per MHFD criteria, a 4
foot wide grass buffer is required to provide water quality.  The maximum slope is expected to
be no more than 6%.

Sub-basin OF1 and OF2 are located in close proximity to the Happy Canyon and Badger Gulch
drainageways and include only proposed roadways.  The low point of the road is located near the
channel crossings and it is proposed to discharge directly into the channel.   Sub-basin OF1 and
OF2 are not proposed to be routed to a EURV pond.  Refer to Appendix C for the water quality
grass buffer calculations.

Table 3: Proposed Sub-basins Routed Off-site

Area (ac) % Imp.
165.5 50%
256.0 22%
59.8 13%
22.8 27%
37.9 56%
74.6 38%
70.0 57%

6,069.32
EURV POND R 1.33 6,076.04 3.88 6,081.99 12.80 6,081.99
EURV POND F 1.09 6,064.19 2.80 6,068.05 12.12

6,013.17
EURV POND E 0.71 6,011.70 2.20 6,015.32 6.70 6,015.98
EURV POND D 0.27 6,009.86 0.58 6,011.99 3.40

5,967.52
EURV POND C 0.42 6,098.44 0.66 6,099.54 8.63 6,102.98
EURV POND B 2.67 5,963.01 5.15 5,965.96 38.98

100 yr WSEL
EURV POND A 2.85 5,976.07 7.87 5,980.31 29.67 5,981.74

POND WQCV (ac-ft) WQCV WSEL EURV (ac-ft) EURV WSEL 100 yr (ac-ft)

Sub-basin Area (ac) % Imp. C2 C5 C100 tc (min) Q2 (cfs) Q5 (cfs) Q100 (cfs)
OF1 2.28 90% 0.74 0.77 0.85 10.5 6.4 6.7 13.4
OF3 1.38 29% 0.21 0.28 0.60 5.5 1.4 1.8 7.2
OF4 0.57 45% 0.34 0.40 0.67 5.0 0.9 1.1 3.4
OF5 0.87 36% 0.26 0.32 0.62 5.2 1.1 1.3 4.7
OF6 0.33 45% 0.34 0.40 0.67 5.0 0.5 0.6 1.9

HC Total 2.82 35% 0.25 0.31 0.62  --- 3.4 4.2 15.3
OF2 0.65 90% 0.77 0.85 5.0 2.4 4.9 3.1 33.2
OF7 1.40 45% 0.33 0.36 0.64 5.0 2.2 2.5 7.9
OF8 1.33 45% 0.33 0.36 0.64 5.0 2.1 2.3 7.5

BG Total 2.73 45% 0.33 0.36 0.64  --- 4.4 4.8 15.3
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B. Existing Ridgegate Parkway Storm Sewer
There is an existing storm sewer system located in Ridgegate Parkway that will be used to pipe
flows to the EURV Pond R and the existing WQ Pond E. The proposed design flows that enter
the existing storm sewer system located in Ridgegate Parkway are all within the allowable limit.
The flows at design points RC4, RC3, RC1, RB5, and RE4 have design flows that are greater
than the allowable inflows that were specified in the following reports: “Phase III Drainage
Report for Ridgegate Parkway Expansion – Phase I”, by Merrick & Company, dated October
2018, and the “Phase III Drainage Report for Ridgegate Parkway Expansion – Phase II”, by
Merrick & Company, dated October 2018. While the flows may be greater than originally
designed for, they are not expected to cause adverse impacts to the existing storm sewer system
as  shown  in  the  calculations  for  Pond  R  and  Ex.  WQ  Pond  E  in  the  SF-3  Minor  and  Major
calculations located in Appendix B. The allowable and proposed inflows for the 5-year and 100-
year storm events entering the existing storm sewer system are shown in the table below.

Table 2: Allowable vs. Proposed Inflows into Existing Ridgegate Storm Sewer System

C. Floodplain Modification
There are no modifications proposed to any floodplain. The project site is outside the one percent
annual chance floodplain, and there are no CLOMR, LOMR, or floodplain permitting
requirements. In the situation that grading is done within the 100 year floodplain, a no-rise
certification and a floodplain permit will be required.

 Inflow
(cfs)

 Inflow
(cfs)

RC4 2.2 -14.0
RC3 3.1 -12.2
RC2 -9.1 -12.6
RC1 2.4 -8.0
RB1 -15.6 -20.1
RB2 -3.0 -8.5
RB3 -1.6 -4.3
RB4 -3.2 -9.9
RB5 0.6 -1.3
RB6 -2.6 -11.4

RE1 -0.6 -0.8
RE2 -15.5 -33.3
RE3 -0.2 -0.5
RE4 0.1 0.2
RE5 -11.5 -25.0

-18.6

21.4 47.3 22.3
Ex. Pond
E Outfall

44.7 36.8 -7.9 102.9 84.3

23.6 23.1
29.3 29.4 67.3 67.5

EX WQ POND E
20.0 19.4 45.2 44.4
18.3 2.8 40.6 7.3

4.0 10.3 9.0
91.7 89.1 234.3 222.9

0.7 5.9 1.6
89.2 86.0 225.9 216.0

38.1 22.5 79.1 59.0
87.1 219.2 210.7

36.2 27.1 80.4 67.8
59.6 62.0 160 152.0

29.7 31.9 86.3 72.3
30.5 33.6 89.1 76.9

RIDGEGATE PARKWAY STORM SEWER ALLOWABLE INFLOWS

Design
Point

5-yr Minor Storm 100 yr- Major Storm
Allowable

Inflow (cfs)
Proposed

Inflow (cfs)
Allowable

Inflow (cfs)
Proposed

Inflow (cfs)
EURV POND R

9.9

10.6 10.4

3.4

2.3
84.1
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D. Additional Permitting Requirements
An Approved Jurisdictional Determination, provided by the U.S. Army Corps of Engineers,
Corps File No. MWO-2019-01406-DEN, has determined that there are no water resources of the
U.S. on this site; therefore, a Department of the Army permit will not be required for this site.
There are currently no endangered species located on the site. There are no other permitting
requirements placed on the site.

V. CONCLUSIONS

A. Compliance with Standards
This report is in compliance with the standards set forth in the “Storm Drainage Design and
Technical Criteria Manual” by Douglas County as well as the “Urban Storm Drainage Criteria
Manual” by the Mile High Flood Control District (MHFD).

B. Variances
No variances are requested at this time.

C. Drainage Concept
All proposed runoff will be safely conveyed through the site and release at allowable rates at the
existing outfall points from the site.  Water quality is currently or will be provided at the outfall
locations in exclusion of at the roadway crossings over the drainageways.  Minimal to no adverse
effects to the Happy Canyon Creek or Badger Gulch and downstream infrastructure are expected
as a result  of the proposed Ridgegate Development improvements.   Minimal to no impacts are
expected with respect to stormwater quality, quantity, or timing.
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APPENDIX B

HYDROLOGIC CALCULATIONS



Subdivision: Ridgegate Project Name:
Location: Lone Tree Project No.: Date: 7/13/20

Sub-basin Area (ac) % Imp. C5 C100 tc (min) Q5 (cfs) Q100 (cfs)
A0 3.10 68% 0.58 0.76 7.0 7.9 18.8
A1 6.58 25% 0.20 0.55 27.6 3.1 15.6

A2a 1.40 44% 0.39 0.66 8.1 2.3 7.1
A2b 2.68 63% 0.55 0.74 8.8 6.0 14.7
A3a 2.04 75% 0.65 0.79 7.9 5.6 12.4
A3b 8.57 54% 0.48 0.71 17.3 12.5 33.3
A3c 1.23 75% 0.65 0.79 7.7 3.4 7.5
A4 6.96 78% 0.68 0.81 9.7 18.5 39.9
A5 8.14 75% 0.65 0.79 7.6 22.6 50.1

A6a 5.03 74% 0.64 0.79 14.9 10.5 23.5
A6b 2.82 85% 0.73 0.83 5.0 10.0 20.7
A6c 2.24 55% 0.49 0.71 13.8 3.7 9.7
A6d 10.83 55% 0.49 0.71 15.4 16.9 44.8
A7 5.38 55% 0.49 0.71 11.4 9.6 25.4
A8 12.71 41% 0.37 0.65 11.9 17.0 54.4

A9a 4.31 82% 0.71 0.82 9.3 12.1 25.5
A9b 6.79 41% 0.37 0.65 13.8 8.4 27.1
A10 14.64 56% 0.50 0.71 17.7 21.8 57.0

A11a 2.14 90% 0.77 0.85 6.4 7.5 15.0
A11b 5.46 66% 0.57 0.75 13.3 10.8 25.7
A11c 5.76 55% 0.49 0.71 9.4 11.1 29.5
A12a 0.63 90% 0.77 0.85 5.0 2.4 4.7
A12b 1.16 90% 0.77 0.85 5.0 4.3 8.7
A12c 2.83 55% 0.49 0.71 12.4 4.9 12.9
A12d 4.77 54% 0.48 0.70 15.0 7.4 19.9
A13a 0.86 90% 0.77 0.85 5.0 3.2 6.5
A13b 0.85 90% 0.77 0.85 5.0 3.2 6.4
A14 13.90 20% 0.20 0.56 15.8 8.7 45.2
A15 2.74 67% 0.58 0.76 9.0 6.4 15.3

OS7a 6.75 5% 0.08 0.50 14.0 1.7 20.7
OS7b 6.56 5% 0.08 0.50 22.7 1.3 15.8
OS8 5.68 6% 0.09 0.51 21.3 1.3 14.3

Basin A Total 165.54 50% 0.44 0.69 155.5 464.5
B0 264% 68% 0.59 0.76 6.1 7.2 16.8

B1a 562% 57% 0.50 0.71 15.3 9.0 23.4
B1b 7.61 58% 0.48 0.70 13.8 12.4 32.9
B1c 2.71 84% 0.73 0.83 9.3 7.8 16.2
B1d 2.85 56% 0.50 0.71 6.3 6.4 16.9
B1e 6.28 55% 0.46 0.69 14.5 9.5 26.0
B1f 1.76 75% 0.65 0.79 8.1 4.8 10.6
B1g 3.31 55% 0.48 0.71 11.9 5.8 15.3
B2 8.15 55% 0.48 0.71 8.8 16.0 42.7

B3a 7.64 60% 0.51 0.72 14.7 12.9 32.9
B3b 1.68 55% 0.48 0.70 13.7 2.7 7.3
B4 4.08 52% 0.47 0.70 12.6 6.7 18.2

B5a 5.60 48% 0.42 0.68 18.1 7.0 20.4
B5b 5.20 72% 0.63 0.78 13.0 11.3 25.6
B5c 3.83 54% 0.45 0.69 14.5 5.7 15.8
B5d 3.76 55% 0.49 0.71 8.0 7.7 20.4
B6a 3.65 55% 0.49 0.71 13.1 6.1 16.3
B6b 2.38 55% 0.49 0.71 14.3 3.8 10.2
B7 4.23 55% 0.49 0.71 6.7 9.2 24.4

Phase II Drainage Report
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Subdivision: Ridgegate Project Name:
Location: Lone Tree Project No.: Date: 7/13/20

Sub-basin Area (ac) % Imp. C5 C100 tc (min) Q5 (cfs) Q100 (cfs)

Phase II Drainage Report
15950.00

BASIN SUMMARY TABLE

OS3 72.31 5% 0.07 0.50 52.4 8.5 104.5
OS2b 1.81 5% 0.08 0.50 11.8 0.5 6.0
OS4a 3.10 7% 0.05 0.46 20.8 0.4 7.2
OS4b 3.04 5% 0.08 0.50 13.6 0.8 9.5
OS5a 1.90 5% 0.08 0.50 13.8 0.5 5.9
OS5b 59.27 5% 0.08 0.50 39.4 8.6 103.1
OS5c 2.48 5% 0.08 0.50 16.6 0.6 7.0
OS5d 1.11 5% 0.08 0.50 13.5 0.3 3.5
OS6a 4.84 5% 0.08 0.50 13.3 1.3 15.2
OS6b 23.13 5% 0.08 0.50 23.1 4.6 55.1

Basin B Total 255.97 22% 0.21 0.57 78.8 374.3
C0 1.74 46% 0.41 0.67 10.3 2.7 8.2

C1a 2.43 82% 0.70 0.82 7.4 7.4 15.6
C1b 5.39 46% 0.41 0.67 13.6 7.6 22.4
OS1 10.85 5% 0.08 0.50 13.3 2.8 34.2

OS2a 39.42 5% 0.08 0.50 40.6 5.6 67.4
Basin C Total 59.83 13% 0.14 0.54 11.1 93.8

D0 1.21 68% 0.59 0.76 5.0 3.5 8.1
D1 8.23 25% 0.24 0.58 17.7 5.8 26.1
D2 13.34 25% 0.21 0.56 23.3 7.3 35.3

Basin D Total 22.78 27% 0.24 0.58 13.6 60.4
R0 2.95 68% 0.57 0.75 5.9 7.8 18.7
R1 4.45 77% 0.67 0.80 8.9 12.0 26.2

RB1 0.87 68% 0.57 0.75 7.6 2.1 5.1
RB2 0.63 81% 0.69 0.81 6.4 2.0 4.2
RB3 0.28 59% 0.52 0.73 6.7 0.6 1.7
RB4 1.00 51% 0.45 0.69 7.0 2.0 5.5
RB5 1.96 44% 0.40 0.67 7.4 3.4 10.3
RB6 1.34 53% 0.47 0.70 6.0 2.9 7.9

RB8a 7.82 75% 0.65 0.79 5.0 24.7 54.6
RB8b 2.62 10% 0.12 0.52 11.5 1.1 9.1
RC1 2.33 30% 0.28 0.61 9.1 2.6 10.3
RC2 3.27 31% 0.29 0.61 14.0 3.2 12.2
RC3 1.10 53% 0.47 0.70 12.2 1.8 5.0
RC4 0.28 61% 0.53 0.73 8.2 0.6 1.6
RC7 9.32 85% 0.73 0.83 6.7 30.4 63.0

RC6a 0.75 90% 0.77 0.85 5.1 2.8 5.6
RC6b 2.29 75% 0.65 0.79 6.8 6.6 14.6
RC6c 1.45 90% 0.77 0.85 6.5 5.0 10.1
RC6d 0.66 75% 0.65 0.79 6.2 2.0 4.3
RC6e 0.36 75% 0.65 0.79 6.2 1.1 2.4
RC6f 3.47 61% 0.54 0.74 8.4 7.7 19.2
R2a 1.87 71% 0.61 0.77 5.0 5.5 12.7
R2b 1.18 75% 0.65 0.79 6.0 3.5 7.8
R2c 3.13 75% 0.65 0.79 10.8 7.6 16.9
R3 14.66 24% 0.22 0.57 20.9 8.7 41.7

Basin R Total 70.04 57% 0.40 0.53 96.9 257.0
1148.32 34% 0.30 0.60  --- 355.9 1250.0
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Subdivision: Ridgegate Project Name:
Location: Lone Tree Project No.: Date: 7/13/20

Sub-basin Area (ac) % Imp. C5 C100 tc (min) Q5 (cfs) Q100 (cfs)

Phase II Drainage Report
15950.00

BASIN SUMMARY TABLE

E0 1.70 68% 0.56 0.75 5.8 4.5 10.7
E1 6.91 26% 0.20 0.55 22.6 3.6 18.2

E2a 2.80 90% 0.77 0.85 11.1 8.0 16.1
E2b 6.80 55% 0.47 0.70 17.5 9.7 26.1
E2c 1.36 90% 0.77 0.85 6.4 4.7 9.5
E3 3.99 55% 0.48 0.70 8.7 7.7 20.8
E4 4.77 55% 0.46 0.69 10.5 8.4 22.8
E5 0.45 90% 0.77 0.85 5.0 1.7 3.4
E6 3.68 57% 0.47 0.70 7.8 7.4 19.8
E7 1.64 75% 0.63 0.78 5.0 5.0 11.3
E8 3.84 55% 0.47 0.70 8.3 7.4 20.1

Basin E Total 37.94 56% 0.47 0.70 46.8 126.5
F0 2.53 85% 0.72 0.82 5.1 8.7 18.3
F1 11.50 55% 0.46 0.69 14.7 17.4 47.5
F2 7.82 55% 0.45 0.69 11.6 12.9 35.5
F3 6.07 55% 0.49 0.71 8.9 11.9 31.7
F4 3.02 32% 0.26 0.58 13.7 2.6 10.8
F5 5.38 38% 0.32 0.62 7.8 7.2 25.5
F6 6.69 54% 0.48 0.71 11.4 11.8 31.6
F7 5.41 55% 0.45 0.68 7.0 10.7 29.5
F8 1.20 90% 0.77 0.85 5.9 4.3 8.6

OS9 25.01 5% 0.06 0.48 19.2 4.3 63.2
Basin F Total 74.63 38% 0.32 0.62 57.9 208.5

RE1 3.00 61% 0.53 0.73 18.2 4.7 11.8
RE2a 5.16 75% 0.65 0.79 10.5 12.7 28.1
RE2b 2.53 75% 0.65 0.79 5.6 7.7 17.1
RE3 1.58 56% 0.48 0.71 11.7 2.8 7.4
RE4 4.09 75% 0.64 0.79 9.4 10.4 23.1
RE5 4.01 75% 0.63 0.78 9.6 9.9 22.4

Ex. Basin E Total 20.37 71% 0.61 0.77 36.8 84.3
265.88 48% 0.41 0.67  --- 141.5 419.2

Sub-basin Area (ac) % Imp. C2 C5 C100 tc (min) Q2 (cfs) Q5 (cfs) Q100 (cfs)
OF1 2.28 90% 0.74 0.77 0.85 10.5 6.4 6.7 13.4
OF3 1.38 29% 0.21 0.28 0.60 5.5 1.4 1.8 7.2
OF4 0.57 45% 0.34 0.40 0.67 5.0 0.9 1.1 3.4
OF5 0.87 36% 0.26 0.32 0.62 5.2 1.1 1.3 4.7
OF6 0.33 45% 0.34 0.40 0.67 5.0 0.5 0.6 1.9

HC Total 2.82 35% 0.25 0.31 0.62  --- 3.4 4.2 15.3
OF2 0.65 90% 0.77 0.85 5.0 2.4 4.9 3.1 33.2
OF7 1.40 45% 0.33 0.36 0.64 5.0 2.2 2.5 7.9
OF8 1.33 45% 0.33 0.36 0.64 5.0 2.1 2.3 7.5

BG Total 2.73 45% 0.33 0.36 0.64  --- 4.4 4.8 15.3

On-site BG Pond Total
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Subdivision: Ridgegate Project Name:
Location: Lone Tree Project No.:

Date:

Design
Point Q5 (cfs) Q100 (cfs)

Design
Point Q5 (cfs) Q100 (cfs)

Design
Point Q5 (cfs) Q100 (cfs)

1A 16.2 40.2 1B 18.0 53.9 1C 9.8 49.5
2A 21.8 57.1 2B 27.3 75.0 2C 7.6 22.4
3A 36.5 93.6 3B 8.6 107.5 OS1 2.8 34.2
4A 59.0 147.7 4B 23.1 123.9 OS2a 5.6 67.4
5A 17.9 65.6 5B 28.8 142.7 0C 11.1 93.8
6A 14.2 67.4 6B 12.9 122.4 Outfall 11.1 83.2
7A 27.7 118.5 7B 38.3 238.1 1D 7.3 35.3
8A 40.2 152.2 8B 49.1 267.6 2D 5.8 26.1
9A 9.6 25.4 9B 8.5 74.2 0D 13.6 60.4

10A 18.6 41.9 10B 12.9 86.0 Outfall 10.0 59.9
11A 55.4 187.8 11B 2.7 7.3 1R 12.0 26.2
12A 32.0 93.4 12B 28.6 127.2 2R 8.7 41.7
13A 34.3 98.6 13B 31.0 132.5 3R 2.8 5.6
14A 18.5 39.9 14B 40.9 156.0 4R 14.1 31.4
15A 45.2 123.2 13B 31.0 132.5 5R 16.1 35.4
16A 59.5 161.1 14B 40.9 156.0 6R 11.1 23.8
17A 105.1 324.9 15B 74.1 363.3 7R 24.5 53.6
18A 108.9 335.5 16B 9.2 24.4 8R 25.6 55.9
19A 3.1 15.6 B1g 5.8 15.3 9R 26.1 57.2
A3a 5.6 12.4 B2 12.6 40.2 10R 32.0 72.1
A6c 3.7 9.7 B4 6.7 18.2 RB1 22.5 59.0
A6d 17.6 61.5 B5a 7.0 20.4 RB2 84.1 210.7

A11b 10.8 25.7 B5c 5.7 15.8 RB3 0.7 1.6
A11c 11.1 29.5 B5d 7.7 20.4 RB4 86.0 216.0
A12c 4.9 12.9 OS2b 0.5 6.0 RB5 4.0 9.0
A12d 7.4 19.9 OS3 8.5 104.5 RB6 89.1 222.9
OS7a 1.7 20.7 OS4a 0.4 7.2 RC1 62.0 152.0
OS7b 1.3 15.8 OS4b 0.8 9.4 RC2 27.1 67.8
OS8 1.3 14.3 OS5a 0.5 5.9 RC3 33.6 76.9
0A 155.5 464.5 OS5b 8.6 103.1 RC4 31.9 72.3

Outfall 66.9 413.3 OS5c 0.6 7.0 RC7 30.4 62.9
OS5d 0.3 3.5 R2c 7.6 16.8
OS6a 1.3 15.3 R6b 6.6 14.6
OS6b 4.6 55.2 R8a 24.6 54.6

0B 78.8 374.3 R8b 1.1 9.2
Outfall 78.3 371.4 0R 96.9 257.0

Outfall 24.6 227.2

190.8
On-site Outfall

into HC

Phase II Drainage Report

Happy Canyon (HC)

7/13/20
15950.00
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EU
RV

PO
N

D 
C

EU
RV

PO
N

D 
D

EU
RV

 P
O

ND
 R

1155.0

EU
RV

 P
O

ND
 B

DESIGN POINT TABLE

Happy Canyon (HC)

EU
RV

 P
O

ND
 A

X:\1590000.all\1595000\Excel\Drainage\Phase II - Preliminary\Drainage_Calcs_Ridgegate_v2.07-Prelim.xlsm Page 1 of 2   7/9/2020



Subdivision: Ridgegate Project Name:
Location: Lone Tree Project No.:

Date:

Phase II Drainage Report

7/13/20
15950.00

Design
Point Q5 (cfs) Q100 (cfs)

1E 13.1 32.7
2E 14.2 34.8
3E 26.6 70.4
4E 32.5 87.1
5E 17.3 40.6
E1 3.7 18.2

E2b 9.7 26.1
E4 8.4 22.8
E7 5.0 11.3
E8 7.4 20.2
0E 46.8 126.5

Outfall 8.9 120.0
1F 10.9 78.8
2F 25.4 69.6
3F 30.2 132.0
4F 13.5 40.0
5F 22.6 64.6
6F 46.0 177.7
7F 54.2 200.9
F5 7.2 25.6
F6 11.8 31.6
F7 10.7 29.5
F8 6.4 62.9

OS9 4.3 63.2
0F 57.9 208.5

Outfall 25.6 199.4
R6 7.7 17.1
R7 18.9 41.9

RE1 19.4 44.4
RE2 2.8 7.3
RE3 10.4 23.1
RE4 29.4 67.5
RE5 9.9 22.3
0E 36.8 84.3

Outfall 36.8 62.6

DESIGN POINT TABLE

Badger Gulch (BG)
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COMPOSITE % IMPERVIOUS CALCULATIONS
Subdivision: Ridgegate Project Name: Phase II Drainage Report

Location: Lone Tree Project No.:
Calculated By: KAU

Date:

A0 3.10 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.78 0.5% 75% 0.00 0.0% 90% 2.33 67.5% 85% 0.00 0.0% 68.0%
A1 6.58 55% 0.00 0.0% 25% 6.58 25.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 25.0%

A2a 1.40 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.74 1.1% 75% 0.00 0.0% 90% 0.66 42.4% 85% 0.00 0.0% 43.5%
A2b 2.68 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.83 0.6% 75% 0.00 0.0% 90% 1.85 62.1% 85% 0.00 0.0% 62.7%
A3a 2.04 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 2.04 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
A3b 8.57 55% 0.00 0.0% 10% 0.00 0.0% 2% 3.33 0.8% 75% 0.78 6.8% 90% 4.46 46.8% 85% 0.00 0.0% 54.4%
A3c 1.23 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 1.23 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
A4 6.96 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 5.43 58.5% 90% 1.53 19.8% 85% 0.00 0.0% 78.3%
A5 8.14 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 8.14 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%

A6a 5.03 55% 1.87 20.4% 10% 0.00 0.0% 2% 0.16 0.1% 75% 0.00 0.0% 90% 3.00 53.7% 85% 0.00 0.0% 74.2%
A6b 2.82 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 2.82 85.0% 85.0%
A6c 2.24 55% 2.24 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
A6d 10.83 55% 10.83 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
A7 5.38 55% 5.38 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
A8 12.71 55% 9.35 40.5% 10% 0.00 0.0% 2% 3.36 0.5% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 41.0%

A9a 4.31 55% 1.01 12.9% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 3.30 68.9% 85% 0.00 0.0% 81.8%
A9b 6.79 55% 4.63 37.5% 10% 2.16 3.2% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 40.7%
A10 14.64 55% 13.64 51.2% 10% 0.00 0.0% 2% 0.00 0.0% 75% 1.00 5.1% 90% 0.00 0.0% 85% 0.00 0.0% 56.4%

A11a 2.14 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 2.14 90.0% 85% 0.00 0.0% 90.0%
A11b 5.46 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.68 0.2% 75% 4.78 65.7% 90% 0.00 0.0% 85% 0.00 0.0% 65.9%
A11c 5.76 55% 5.76 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
A12a 0.63 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.63 90.0% 85% 0.00 0.0% 90.0%
A12b 1.16 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 1.16 90.0% 85% 0.00 0.0% 90.0%
A12c 2.83 55% 2.83 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
A12d 4.77 55% 0.00 0.0% 10% 1.54 3.2% 2% 0.00 0.0% 75% 3.23 50.8% 90% 0.00 0.0% 85% 0.00 0.0% 54.0%
A13a 0.86 55% 0.00 0.0% 25% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.86 90.0% 85% 0.00 0.0% 90.0%
A13b 0.85 55% 0.00 0.0% 25% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.85 90.0% 85% 0.00 0.0% 90.0%
A14 13.90 55% 0.96 3.8% 25% 8.53 15.3% 2% 4.41 0.6% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 19.8%
A15 2.74 55% 0.00 0.0% 25% 0.44 4.0% 2% 0.00 0.0% 75% 2.30 63.0% 90% 0.00 0.0% 85% 0.00 0.0% 67.0%

OS7a 6.75 55% 0.00 0.0% 25% 0.00 0.0% 5% 6.75 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS7b 6.56 55% 0.00 0.0% 25% 0.00 0.0% 5% 6.56 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS8 5.68 55% 0.00 0.0% 25% 0.32 1.4% 5% 5.36 4.7% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 6.1%
B0 2.64 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.66 0.5% 75% 0.00 0.0% 90% 1.98 67.5% 85% 0.00 0.0% 68.0%

B1a 5.62 55% 5.23 51.2% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.39 6.2% 85% 0.00 0.0% 57.4%
B1b 7.61 55% 6.93 50.1% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.68 8.0% 85% 0.00 0.0% 58.1%
B1c 2.71 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 1.03 28.5% 90% 1.68 55.8% 85% 0.00 0.0% 84.3%
B1d 2.85 55% 1.26 24.3% 10% 0.43 1.5% 2% 0.00 0.0% 75% 1.16 30.5% 90% 0.00 0.0% 85% 0.00 0.0% 56.4%
B1e 6.28 55% 6.28 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
B1f 1.76 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 1.76 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
B1g 3.31 55% 3.31 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
B2 8.15 55% 8.15 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%

B3a 7.64 55% 3.60 25.9% 10% 1.31 1.7% 2% 0.00 0.0% 75% 0.00 0.0% 90% 2.73 32.2% 85% 0.00 0.0% 59.8%
B3b 1.68 55% 1.68 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
B4 4.08 55% 3.84 51.8% 10% 0.24 0.6% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 52.4%

B5a 5.60 55% 4.87 47.8% 10% 0.00 0.0% 2% 0.73 0.3% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 48.1%
B5b 5.20 55% 1.38 14.6% 10% 0.00 0.0% 2% 0.49 0.2% 75% 0.00 0.0% 90% 3.33 57.6% 85% 0.00 0.0% 72.4%
B5c 3.83 55% 3.74 53.7% 10% 0.00 0.0% 2% 0.09 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 53.8%
B5d 3.76 55% 3.76 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
B6a 3.65 55% 3.65 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
B6b 2.38 55% 2.38 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
B7 4.23 55% 0.00 0.0% 10% 0.00 0.0% 2% 1.14 0.5% 75% 3.09 54.8% 90% 0.00 0.0% 85% 0.00 0.0% 55.3%
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COMPOSITE % IMPERVIOUS CALCULATIONS
Subdivision: Ridgegate Project Name: Phase II Drainage Report

Location: Lone Tree Project No.:
Calculated By: KAU

Date:
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(w/ Internal Roads)
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Undeveloped w/ Gravel Trail
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OS3 72.31 55% 0.00 0.0% 10% 1.62 0.2% 5% 70.69 4.9% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.1%
OS2b 1.81 55% 0.00 0.0% 10% 0.00 0.0% 5% 1.81 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS4a 3.10 55% 0.00 0.0% 10% 1.33 4.3% 5% 1.77 2.9% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 7.1%
OS4b 3.04 55% 0.00 0.0% 10% 0.00 0.0% 5% 3.04 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS5a 1.90 55% 0.00 0.0% 10% 0.00 0.0% 5% 1.90 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS5b 59.27 55% 0.00 0.0% 10% 0.00 0.0% 5% 59.27 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS5c 2.48 55% 0.00 0.0% 10% 0.00 0.0% 5% 2.48 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS5d 1.11 55% 0.00 0.0% 10% 0.00 0.0% 5% 1.11 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS6a 4.84 55% 0.00 0.0% 10% 0.00 0.0% 5% 4.84 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
OS6b 23.13 55% 0.00 0.0% 10% 0.00 0.0% 5% 23.13 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%

C0 1.74 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.87 1.0% 75% 0.00 0.0% 90% 0.87 45.0% 85% 0.00 0.0% 46.0%
C1a 2.43 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.23 0.2% 75% 0.00 0.0% 90% 2.20 81.5% 85% 0.00 0.0% 81.7%
C1b 5.39 55% 4.49 45.8% 10% 0.00 0.0% 2% 0.90 0.3% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 46.2%
OS1 10.85 55% 0.00 0.0% 10% 0.00 0.0% 5% 10.85 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%

OS2a 39.42 55% 0.00 0.0% 10% 0.00 0.0% 5% 39.42 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
R0 2.95 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.74 0.5% 75% 0.00 0.0% 90% 2.21 67.5% 85% 0.00 0.0% 68.0%
R1 4.45 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.65 0.3% 75% 0.00 0.0% 90% 3.80 76.9% 85% 0.00 0.0% 77.1%

RB1 0.87 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.22 0.5% 75% 0.00 0.0% 90% 0.65 67.0% 85% 0.00 0.0% 67.5%
RB2 0.63 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.07 0.2% 75% 0.00 0.0% 90% 0.56 80.6% 85% 0.00 0.0% 80.8%
RB3 0.28 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.10 0.7% 75% 0.00 0.0% 90% 0.18 58.5% 85% 0.00 0.0% 59.2%
RB4 1.00 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.44 0.9% 75% 0.00 0.0% 90% 0.56 50.2% 85% 0.00 0.0% 51.1%
RB5 1.96 55% 0.00 0.0% 10% 0.00 0.0% 2% 1.02 1.0% 75% 0.00 0.0% 90% 0.94 43.3% 85% 0.00 0.0% 44.4%
RB6 1.34 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.56 0.8% 75% 0.00 0.0% 90% 0.78 52.3% 85% 0.00 0.0% 53.2%

RB8a 7.82 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 7.82 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
RB8b 2.62 55% 0.00 0.0% 10% 2.62 10.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 10.0%
RC1 2.33 55% 0.00 0.0% 10% 0.00 0.0% 2% 1.58 1.4% 75% 0.00 0.0% 90% 0.75 28.9% 85% 0.00 0.0% 30.3%
RC2 3.27 55% 0.00 0.0% 10% 0.00 0.0% 2% 2.19 1.3% 75% 0.00 0.0% 90% 1.08 29.8% 85% 0.00 0.0% 31.2%
RC3 1.10 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.46 0.8% 75% 0.00 0.0% 90% 0.64 52.0% 85% 0.00 0.0% 52.9%
RC4 0.28 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.09 0.7% 75% 0.00 0.0% 90% 0.19 60.2% 85% 0.00 0.0% 60.9%
RC7 9.32 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 9.32 85.0% 85.0%

RC6a 0.75 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.75 90.0% 85% 0.00 0.0% 90.0%
RC6b 2.29 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 2.29 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
RC6c 1.45 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 1.45 90.0% 85% 0.00 0.0% 90.0%
RC6d 0.66 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.66 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
RC6e 0.36 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.36 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
RC6f 3.47 55% 1.00 15.9% 10% 0.00 0.0% 2% 0.73 0.4% 75% 0.00 0.0% 90% 1.74 45.1% 85% 0.00 0.0% 61.4%
R2a 1.87 55% 0.57 16.8% 10% 0.00 0.0% 2% 0.18 0.2% 75% 0.00 0.0% 90% 1.12 53.9% 85% 0.00 0.0% 70.9%
R2b 1.18 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 1.18 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
R2c 3.13 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 3.13 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
R3 14.66 55% 0.00 0.0% 25% 13.75 23.4% 2% 0.91 0.1% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 23.6%
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D0 1.21 55% 0.00 0.0% 25% 0.00 0.0% 2% 0.30 0.5% 75% 0.00 0.0% 90% 0.91 67.5% 85% 0.00 0.0% 68.0%
D1 8.23 55% 0.00 0.0% 25% 8.23 25.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 25.0%
D2 13.34 55% 0.00 0.0% 25% 13.34 25.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 25.0%

OF1 2.28 55% 0.00 0.0% 25% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 2.28 90.0% 85% 0.00 0.0% 90.0%
OF3 1.38 45% 0.84 27.4% 10% 0.00 0.0% 5% 0.54 2.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 29.3%
OF4 0.57 45% 0.57 45.0% 10% 0.00 0.0% 5% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 45.0%
OF5 0.87 45% 0.68 35.2% 10% 0.00 0.0% 5% 0.19 1.1% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 36.3%
OF6 0.33 45% 0.33 45.0% 10% 0.00 0.0% 5% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 45.0%

165.54 49.7%
255.97 22.3%
59.83 13.0%
70.04 57.0%
22.78 27.3%
5.43 58.5%

579.59 33.9%
E2a 2.80 55% 0.00 0.0% 25% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 2.80 90.0% 85% 0.00 0.0% 90.0%
E2b 6.80 55% 6.80 55.0% 25% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
E2c 1.36 55% 0.00 0.0% 25% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 1.36 90.0% 85% 0.00 0.0% 90.0%
E3 3.99 55% 3.99 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
E4 4.77 55% 4.77 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
E5 0.45 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.45 90.0% 85% 0.00 0.0% 90.0%
E6 3.68 55% 3.20 47.8% 10% 0.00 0.0% 2% 0.09 0.0% 75% 0.00 0.0% 90% 0.39 9.5% 85% 0.00 0.0% 57.4%
E7 1.64 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 1.64 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
E8 3.84 55% 3.84 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
F0 2.53 55% 0.82 17.8% 10% -0.19 -0.7% 2% 0.00 0.0% 75% 0.00 0.0% 90% 1.90 67.5% 85% 0.00 0.0% 84.6%
F1 11.50 55% 11.50 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
F2 7.82 55% 7.82 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
F3 6.07 55% 6.07 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
F4 3.02 55% 0.70 12.7% 10% 1.88 6.2% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.44 13.1% 85% 0.00 0.0% 32.1%
F5 5.38 55% 3.33 34.0% 10% 2.05 3.8% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 37.9%
F6 6.69 55% 6.58 54.1% 10% 0.11 0.2% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 54.3%
F7 5.41 55% 5.41 55.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 55.0%
F8 1.20 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 1.20 90.0% 85% 0.00 0.0% 90.0%

OS9 25.01 55% 0.00 0.0% 10% 0.00 0.0% 5% 25.01 5.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 5.0%
RE1 3.00 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.99 0.7% 75% 0.00 0.0% 90% 2.01 60.3% 85% 0.00 0.0% 60.9%

RE2a 5.16 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 5.16 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
RE2b 2.53 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.19 0.2% 75% 1.50 44.5% 90% 0.84 29.9% 85% 0.00 0.0% 74.5%
RE3 1.58 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.62 0.8% 75% 0.00 0.0% 90% 0.96 54.8% 85% 0.00 0.0% 55.6%
RE4 4.09 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 4.09 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
RE5 4.01 55% 0.00 0.0% 10% 0.00 0.0% 2% 0.00 0.0% 75% 4.01 75.0% 90% 0.00 0.0% 85% 0.00 0.0% 75.0%
OF2 0.65 55% 0.00 0.0% 25% 0.00 0.0% 2% 0.00 0.0% 75% 0.00 0.0% 90% 0.65 90.0% 85% 0.00 0.0% 90.0%
OF7 1.40 45% 1.40 45.0% 10% 0.00 0.0% 5% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 45.0%
OF8 1.33 45% 1.33 45.0% 10% 0.00 0.0% 5% 0.00 0.0% 75% 0.00 0.0% 90% 0.00 0.0% 85% 0.00 0.0% 45.0%
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Subdivision: Ridgegate Project Name: Phase II Drainage Report
Location: Lone Tree Project No.:

Calculated By: KAU
Date:

A0 3.10 68.0% 0.00 1.26 1.84 0% 41% 59% 0.53 0.56 0.59 0.64 0.75 0.76 0.58 0.76
A1 6.58 25.0% 0.00 4.96 1.62 0% 75% 25% 0.15 0.19 0.24 0.31 0.54 0.59 0.20 0.55

A2a 1.40 43.5% 0.00 0.00 1.40 0% 0% 100% 0.30 0.35 0.39 0.45 0.63 0.66 0.39 0.66
A2b 2.68 62.7% 0.00 0.00 2.68 0% 0% 100% 0.47 0.52 0.55 0.60 0.72 0.74 0.55 0.74
A3a 2.04 75.0% 0.00 0.00 2.04 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
A3b 8.57 54.4% 0.00 0.00 8.57 0% 0% 100% 0.40 0.44 0.48 0.53 0.68 0.71 0.48 0.71
A3c 1.23 75.0% 0.00 0.00 1.23 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
A4 6.96 78.3% 0.00 0.00 6.96 0% 0% 100% 0.63 0.66 0.68 0.72 0.79 0.81 0.68 0.81
A5 8.14 75.0% 0.00 0.00 8.14 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79

A6a 5.03 74.2% 0.00 0.00 5.03 0% 0% 100% 0.59 0.62 0.64 0.69 0.77 0.79 0.64 0.79
A6b 2.82 85.0% 0.00 0.00 2.82 0% 0% 100% 0.70 0.72 0.73 0.77 0.83 0.83 0.73 0.83
A6c 2.24 55.0% 0.00 0.00 2.24 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
A6d 10.83 55.0% 0.00 0.00 10.83 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
A7 5.38 55.0% 0.00 0.00 5.38 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
A8 12.71 41.0% 0.00 0.00 12.71 0% 0% 100% 0.28 0.33 0.37 0.43 0.62 0.65 0.37 0.65

A9a 4.31 81.8% 0.00 0.00 4.31 0% 0% 100% 0.67 0.69 0.71 0.75 0.81 0.82 0.71 0.82
A9b 6.79 40.7% 0.00 0.00 6.79 0% 0% 100% 0.27 0.32 0.37 0.43 0.62 0.65 0.37 0.65
A10 14.64 56.4% 0.00 0.00 14.64 0% 0% 100% 0.41 0.46 0.50 0.55 0.69 0.71 0.50 0.71

A11a 2.14 90.0% 0.00 0.00 2.14 0% 0% 100% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
A11b 5.46 65.9% 0.00 0.00 5.46 0% 0% 100% 0.50 0.55 0.57 0.62 0.74 0.75 0.57 0.75
A11c 5.76 55.0% 0.00 0.00 5.76 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
A12a 0.63 90.0% 0.00 0.00 0.63 0% 0% 100% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
A12b 1.16 90.0% 0.00 0.00 1.16 0% 0% 100% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
A12c 2.83 55.0% 0.00 0.00 2.83 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
A12d 4.77 54.0% 0.00 0.00 4.77 0% 0% 100% 0.39 0.44 0.48 0.53 0.68 0.70 0.48 0.70
A13a 0.86 90.0% 0.00 0.00 0.86 0% 0% 100% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
A13b 0.85 90.0% 0.00 0.00 0.85 0% 0% 100% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
A14 13.90 19.8% 0.00 0.00 13.90 0% 0% 100% 0.11 0.15 0.20 0.26 0.52 0.56 0.20 0.56
A15 2.74 67.0% 0.00 0.00 2.74 0% 0% 100% 0.52 0.56 0.58 0.63 0.74 0.76 0.58 0.76

OS7a 6.75 5.0% 0.00 0.00 6.75 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS7b 6.56 5.0% 0.00 0.00 6.56 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS8 5.68 6.1% 0.00 0.00 5.68 0% 0% 100% 0.02 0.04 0.09 0.16 0.46 0.51 0.09 0.51
B0 2.64 68.0% 0.00 0.06 2.58 0% 2% 98% 0.53 0.56 0.59 0.64 0.75 0.76 0.59 0.76

B1a 5.62 57.4% 0.00 1.70 3.92 0% 30% 70% 0.42 0.47 0.51 0.56 0.70 0.72 0.50 0.71
B1b 7.61 58.1% 0.00 5.88 1.73 0% 77% 23% 0.43 0.48 0.51 0.56 0.70 0.72 0.48 0.70
B1c 2.71 84.3% 0.00 0.00 2.71 0% 0% 100% 0.69 0.71 0.73 0.77 0.82 0.83 0.73 0.83
B1d 2.85 56.4% 0.00 0.00 2.85 0% 0% 100% 0.41 0.46 0.50 0.55 0.69 0.71 0.50 0.71
B1e 6.28 55.0% 0.00 4.30 1.98 0% 68% 32% 0.40 0.45 0.49 0.54 0.68 0.71 0.46 0.69
B1f 1.76 75.0% 0.00 0.00 1.76 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
B1g 3.31 55.0% 0.00 0.24 3.07 0% 7% 93% 0.40 0.45 0.49 0.54 0.68 0.71 0.48 0.71
B2 8.15 55.0% 0.00 0.52 7.63 0% 6% 94% 0.40 0.45 0.49 0.54 0.68 0.71 0.48 0.71

B3a 7.64 59.8% 0.00 2.72 4.92 0% 36% 64% 0.45 0.49 0.52 0.58 0.71 0.73 0.51 0.72
B3b 1.68 55.0% 0.00 0.45 1.23 0% 27% 73% 0.40 0.45 0.49 0.54 0.68 0.71 0.48 0.70
B4 4.08 52.4% 0.00 0.00 4.08 0% 0% 100% 0.38 0.43 0.47 0.52 0.67 0.70 0.47 0.70

B5a 5.60 48.1% 0.00 0.58 5.02 0% 10% 90% 0.34 0.39 0.43 0.49 0.65 0.68 0.42 0.68
B5b 5.20 72.4% 0.00 0.52 4.68 0% 10% 90% 0.57 0.61 0.63 0.68 0.77 0.78 0.63 0.78
B5c 3.83 53.8% 0.00 2.18 1.65 0% 57% 43% 0.39 0.44 0.48 0.53 0.68 0.70 0.45 0.69
B5d 3.76 55.0% 0.00 0.00 3.76 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
B6a 3.65 55.0% 0.00 0.00 3.65 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
B6b 2.38 55.0% 0.00 0.00 2.38 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
B7 4.23 55.3% 0.00 0.00 4.23 0% 0% 100% 0.40 0.45 0.49 0.54 0.69 0.71 0.49 0.71

OS3 72.31 5.1% 0.00 4.19 68.12 0% 6% 94% 0.02 0.03 0.08 0.15 0.45 0.50 0.07 0.50
OS2b 1.81 5.0% 0.00 0.00 1.81 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS4a 3.10 7.1% 0.00 3.00 0.10 0% 97% 3% 0.03 0.05 0.09 0.17 0.46 0.51 0.05 0.46
OS4b 3.04 5.0% 0.00 0.00 3.04 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS5a 1.90 5.0% 0.00 0.00 1.90 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS5b 59.27 5.0% 0.00 0.00 59.27 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS5c 2.48 5.0% 0.00 0.00 2.48 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS5d 1.11 5.0% 0.00 0.00 1.11 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS6a 4.84 5.0% 0.00 0.00 4.84 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
OS6b 23.13 5.0% 0.00 0.00 23.13 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50

C0 1.74 46.0% 0.00 0.00 1.74 0% 0% 100% 0.32 0.37 0.41 0.47 0.64 0.67 0.41 0.67
C1a 2.43 81.7% 0.00 0.00 2.43 0% 0% 100% 0.66 0.69 0.70 0.75 0.81 0.82 0.70 0.82
C1b 5.39 46.2% 0.00 0.00 5.39 0% 0% 100% 0.32 0.37 0.41 0.47 0.64 0.67 0.41 0.67
OS1 10.85 5.0% 0.00 0.00 10.85 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50

OS2a 39.42 5.0% 0.00 0.00 39.42 0% 0% 100% 0.02 0.03 0.08 0.15 0.45 0.50 0.08 0.50
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Subdivision: Ridgegate Project Name: Phase II Drainage Report
Location: Lone Tree Project No.:

Calculated By: KAU
Date:

% C/D
(ac)

C5,A

7/13/20

HAPPY CANYON (HC) - TREATED IN ON-SITE PONDS

Basin IDDesignation
Hydrologic Soil Group

Area C/D
(ac)

% A
(ac)

% B
(ac)

COMPOSITE RUNOFF COEFFICIENT CALCULATIONS

Minor Coefficients Major Coefficients

C5,B C5,C/D C100,A C100,B C100,C/D

Basins Total
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Weighted C100
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(ac)

15950.00

Total Area
(ac)

Basins Total
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Imp.

Hydrologic Soil Group

R0 2.95 68.0% 0.00 2.06 0.89 0% 70% 30% 0.53 0.56 0.59 0.64 0.75 0.76 0.57 0.75
R1 4.45 77.1% 0.00 0.00 4.45 0% 0% 100% 0.62 0.65 0.67 0.71 0.79 0.80 0.67 0.80

RB1 0.87 67.5% 0.00 0.59 0.28 0% 68% 32% 0.52 0.56 0.59 0.64 0.74 0.76 0.57 0.75
RB2 0.63 80.8% 0.00 0.41 0.22 0% 65% 35% 0.65 0.68 0.70 0.74 0.81 0.81 0.69 0.81
RB3 0.28 59.2% 0.00 0.00 0.28 0% 0% 100% 0.44 0.49 0.52 0.57 0.70 0.73 0.52 0.73
RB4 1.00 51.1% 0.00 0.00 1.00 0% 0% 100% 0.37 0.41 0.45 0.51 0.67 0.69 0.45 0.69
RB5 1.96 44.4% 0.00 0.00 1.96 0% 0% 100% 0.31 0.36 0.40 0.46 0.63 0.67 0.40 0.67
RB6 1.34 53.2% 0.00 0.00 1.34 0% 0% 100% 0.38 0.43 0.47 0.52 0.68 0.70 0.47 0.70

RB8a 7.82 75.0% 0.00 0.00 7.82 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
RB8b 2.62 10.0% 0.00 0.00 2.62 0% 0% 100% 0.05 0.07 0.12 0.19 0.47 0.52 0.12 0.52
RC1 2.33 30.3% 0.00 0.00 2.33 0% 0% 100% 0.19 0.23 0.28 0.35 0.57 0.61 0.28 0.61
RC2 3.27 31.2% 0.00 0.00 3.27 0% 0% 100% 0.19 0.24 0.29 0.35 0.57 0.61 0.29 0.61
RC3 1.10 52.9% 0.00 0.00 1.10 0% 0% 100% 0.38 0.43 0.47 0.52 0.68 0.70 0.47 0.70
RC4 0.28 60.9% 0.00 0.00 0.28 0% 0% 100% 0.46 0.50 0.53 0.58 0.71 0.73 0.53 0.73
RC7 9.32 85.0% 0.00 0.00 9.32 0% 0% 100% 0.70 0.72 0.73 0.77 0.83 0.83 0.73 0.83

RC6a 0.75 90.0% 0.00 0.00 0.75 0% 0% 100% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
RC6b 2.29 75.0% 0.00 0.00 2.29 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
RC6c 1.45 90.0% 0.00 0.00 1.45 0% 0% 100% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
RC6d 0.66 75.0% 0.00 0.00 0.66 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
RC6e 0.36 75.0% 0.00 0.00 0.36 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
RC6f 3.47 61.4% 0.00 0.00 3.47 0% 0% 100% 0.46 0.51 0.54 0.59 0.71 0.74 0.54 0.74
R2a 1.87 70.9% 0.00 0.63 1.24 0% 34% 66% 0.56 0.59 0.62 0.66 0.76 0.77 0.61 0.77
R2b 1.18 75.0% 0.00 0.00 1.18 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
R2c 3.13 75.0% 0.00 0.38 2.75 0% 12% 88% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
R3 14.66 23.6% 0.00 4.00 10.66 0% 27% 73% 0.14 0.18 0.23 0.29 0.54 0.58 0.22 0.57
D0 1.21 68.0% 0.00 0.00 1.21 0% 0% 100% 0.53 0.56 0.59 0.64 0.75 0.76 0.59 0.76
D1 8.23 25.0% 0.00 0.51 7.72 0% 6% 94% 0.15 0.19 0.24 0.31 0.54 0.59 0.24 0.58
D2 13.34 25.0% 0.00 7.67 5.67 0% 57% 43% 0.15 0.19 0.24 0.31 0.54 0.59 0.21 0.56

OF1 2.28 90.0% 0.00 0.00 2.28 0% 0% 100% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
OF3 1.38 29.3% 0.00 0.00 1.38 0% 0% 100% 0.18 0.23 0.28 0.34 0.56 0.60 0.28 0.60
OF4 0.57 45.0% 0.00 0.00 0.57 0% 0% 100% 0.31 0.36 0.40 0.46 0.64 0.67 0.40 0.67
OF5 0.87 36.3% 0.00 0.30 0.57 0% 34% 66% 0.24 0.29 0.33 0.39 0.60 0.63 0.32 0.62
OF6 0.33 45.0% 0.00 0.00 0.33 0% 0% 100% 0.31 0.36 0.40 0.46 0.64 0.67 0.40 0.67

165.54 49.7% 0.00 6.22 159.32 0% 4% 96% --- --- --- --- --- --- 0.44 0.69
255.97 22.3% 0.00 26.34 229.63 0% 10% 90% --- --- --- --- --- --- 0.21 0.57
59.83 13.0% 0.00 0.00 59.83 0% 0% 100% --- --- --- --- --- --- 0.14 0.54
70.04 57.0% 0.00 8.07 61.97 0% 12% 88% --- --- --- --- --- --- 0.40 0.53
22.78 27.3% 0.00 8.18 14.60 0% 36% 64% --- --- --- --- --- --- 0.24 0.58
5.43 58.5% 0.00 0.30 5.13 0% 6% 94% --- --- --- --- --- --- 0.51 0.72

579.59 33.9% 0.00 49.11 530.48 0% 8% 92% --- --- --- --- --- --- 0.30 0.60

E0 1.70 68.0% 0.00 1.70 0.00 0% 100% 0% 0.53 0.56 0.59 0.64 0.75 0.76 0.56 0.75
E1 6.91 25.7% 0.00 6.27 0.64 0% 91% 9% 0.15 0.20 0.25 0.31 0.55 0.59 0.20 0.55

E2a 2.80 90.0% 0.00 1.50 1.30 0% 54% 46% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
E2b 6.80 55.0% 0.00 2.25 4.55 0% 33% 67% 0.40 0.45 0.49 0.54 0.68 0.71 0.47 0.70
E2c 1.36 90.0% 0.00 1.36 0.00 0% 100% 0% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
E3 3.99 55.0% 0.00 1.07 2.92 0% 27% 73% 0.40 0.45 0.49 0.54 0.68 0.71 0.48 0.70
E4 4.77 55.0% 0.00 2.89 1.88 0% 61% 39% 0.40 0.45 0.49 0.54 0.68 0.71 0.46 0.69
E5 0.45 90.0% 0.00 0.45 0.00 0% 100% 0% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
E6 3.68 57.4% 0.00 3.68 0.00 0% 100% 0% 0.42 0.47 0.51 0.56 0.70 0.72 0.47 0.70
E7 1.64 75.0% 0.00 1.60 0.04 0% 98% 2% 0.60 0.63 0.65 0.69 0.78 0.79 0.63 0.78
E8 3.84 55.0% 0.00 1.95 1.89 0% 51% 49% 0.40 0.45 0.49 0.54 0.68 0.71 0.47 0.70
F0 2.53 84.6% 0.00 2.53 0.00 0% 100% 0% 0.69 0.72 0.73 0.77 0.82 0.83 0.72 0.82
F1 11.50 55.0% 0.00 7.47 4.03 0% 65% 35% 0.40 0.45 0.49 0.54 0.68 0.71 0.46 0.69
F2 7.82 55.0% 0.00 7.20 0.62 0% 92% 8% 0.40 0.45 0.49 0.54 0.68 0.71 0.45 0.69
F3 6.07 55.0% 0.00 0.00 6.07 0% 0% 100% 0.40 0.45 0.49 0.54 0.68 0.71 0.49 0.71
F4 3.02 32.1% 0.00 2.63 0.39 0% 87% 13% 0.20 0.25 0.30 0.36 0.58 0.62 0.26 0.58
F5 5.38 37.9% 0.00 3.43 1.95 0% 64% 36% 0.25 0.30 0.35 0.41 0.60 0.64 0.32 0.62
F6 6.69 54.3% 0.00 0.00 6.69 0% 0% 100% 0.40 0.44 0.48 0.53 0.68 0.71 0.48 0.71
F7 5.41 55.0% 0.00 5.41 0.00 0% 100% 0% 0.40 0.45 0.49 0.54 0.68 0.71 0.45 0.68
F8 1.20 90.0% 0.00 1.00 0.20 0% 83% 17% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85

OS9 25.01 5.0% 0.00 9.50 15.51 0% 38% 62% 0.02 0.03 0.08 0.15 0.45 0.50 0.06 0.48
RE1 3.00 60.9% 0.00 0.00 3.00 0% 0% 100% 0.46 0.50 0.53 0.58 0.71 0.73 0.53 0.73

RE2a 5.16 75.0% 0.00 0.00 5.16 0% 0% 100% 0.60 0.63 0.65 0.69 0.78 0.79 0.65 0.79
RE2b 2.53 74.5% 0.00 0.00 2.53 0% 0% 100% 0.59 0.62 0.65 0.69 0.78 0.79 0.65 0.79
RE3 1.58 55.6% 0.00 0.43 1.15 0% 27% 73% 0.41 0.45 0.49 0.54 0.69 0.71 0.48 0.71
RE4 4.09 75.0% 0.00 1.97 2.12 0% 48% 52% 0.60 0.63 0.65 0.69 0.78 0.79 0.64 0.79
RE5 4.01 75.0% 0.00 4.01 0.00 0% 100% 0% 0.60 0.63 0.65 0.69 0.78 0.79 0.63 0.78
OF2 0.65 90.0% 0.00 0.65 0.00 0% 100% 0% 0.75 0.77 0.77 0.81 0.85 0.85 0.77 0.85
OF7 1.40 45.0% 0.00 1.40 0.00 0% 100% 0% 0.31 0.36 0.40 0.46 0.64 0.67 0.36 0.64
OF8 1.33 45.0% 0.00 1.33 0.00 0% 100% 0% 0.31 0.36 0.40 0.46 0.64 0.67 0.36 0.64

37.94 55.6% 0.00 24.72 13.22 0% 65% 35% --- --- --- --- --- --- 0.47 0.70
74.63 37.6% 0.00 39.17 35.46 0% 52% 48% --- --- --- --- --- --- 0.32 0.62
20.37 71.4% 0.00 6.41 13.96 0% 31% 69% --- --- --- --- --- --- 0.61 0.77
3.38 53.7% 0.00 3.38 0.00 0% 100% 0% --- --- --- --- --- --- 0.44 0.68

136.32 48.1% 0.00 73.68 62.64 0% 54% 46% --- --- --- --- --- --- 0.41 0.67
715.91 36.6% 0.00 122.79 593.12 0% 17% 83% --- --- --- --- --- --- 0.32 0.61

OFFSITE

OFFSITE

EURV POND E
EURV POND F

BADGER GULCH (GB) - TREATED IN ON-SITE PONDS

EURV POND A

EURV POND D
EURV POND R
EURV POND C

EXISTING WQ
POND E

EX WQ POND E

TOTAL BADGER GULCH
OVERALL ONSITE TOTAL

OFFSITE

TOTAL HAPPY CANYON
OFFSITE

EURV POND R

EURV POND D

EURV POND B

EURV POND E

EURV POND F
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Subdivision: Ridgegate Project Name: Phase II Drainage Report
Location: Lone Tree Project No.: 15950.00

Notes: Calculated By: KAU
Date: 7/13/20

FINAL
BASIN D.A. Hydrologic Imp. C5 C100 L S o t i L t S t K VEL. t t COMP. t c TOTAL Urbanized t c t c

ID (ac) Soils Group (%) (ft) (%) (min) (ft) (%) (ft/s) (min) (min) LENGTH (ft) (min) (min)

A0 3.10 B/C/D 68% 0.58 0.76 155 21.3% 4.2 231 0.5% 20.0 1.4 2.7 7.0 386.0 17.4 7.0
A1 6.58 B/C/D 25% 0.20 0.55 300 1.7% 23.7 510 1.2% 20.0 2.2 3.9 27.6 810.0 28.0 27.6

A2a 1.40 C/D 44% 0.39 0.66 114 11.1% 6.2 290 1.6% 20.0 2.6 1.9 8.1 404.0 21.1 8.1
A2b 2.68 C/D 63% 0.55 0.74 74 4.9% 5.1 700 2.4% 20.0 3.1 3.7 8.8 774.0 19.6 8.8
A3a 2.04 C/D 75% 0.65 0.79 80 2.0% 5.8 490 3.9% 20.0 3.9 2.1 7.9 570.0 15.4 7.9
A3b 8.57 C/D 54% 0.48 0.71 27 2.0% 4.6 2550 2.8% 20.0 3.3 12.7 17.3 2577.0 32.0 17.3
A3c 1.23 C/D 75% 0.65 0.79 80 2.0% 5.8 380 2.7% 20.0 3.3 1.9 7.7 460.0 15.2 7.7
A4 6.96 C/D 78% 0.68 0.81 86 2.0% 5.6 840 3.0% 20.0 3.5 4.1 9.7 926.0 16.7 9.7
A5 8.14 C/D 75% 0.65 0.79 40 2.0% 4.1 800 3.6% 20.0 3.8 3.5 7.6 840.0 16.8 7.6

A6a 5.03 C/D 74% 0.64 0.79 100 2.0% 6.6 1790 3.2% 20.0 3.6 8.3 14.9 1890.0 21.9 14.9
A6b 2.82 C/D 85% 0.73 0.83 10 2.0% 1.7 485 3.0% 20.0 3.5 2.3 4.0 495.0 13.8 5.0
A6c 2.24 C/D 55% 0.49 0.71 200 2.0% 12.5 300 3.3% 20.0 3.7 1.4 13.8 500.0 18.3 13.8
A6d 10.83 C/D 55% 0.49 0.71 100 2.0% 8.8 1390 3.1% 20.0 3.5 6.6 15.4 1490.0 24.5 15.4
A7 5.38 C/D 55% 0.49 0.71 80 2.0% 7.9 800 3.5% 20.0 3.7 3.6 11.4 880.0 20.9 11.4
A8 12.71 C/D 41% 0.37 0.65 145 7.8% 8.1 965 4.5% 20.0 4.2 3.8 11.9 1110.0 24.2 11.9

A9a 4.31 C/D 82% 0.71 0.82 27 2.0% 2.9 1436 3.5% 20.0 3.7 6.4 9.3 1463.0 18.3 9.3
A9b 6.79 C/D 41% 0.37 0.65 80 2.0% 9.4 1000 3.5% 20.0 3.7 4.5 13.8 1080.0 25.1 13.8
A10 14.64 C/D 56% 0.50 0.71 90 2.0% 8.2 1990 3.1% 20.0 3.5 9.5 17.7 2080.0 27.6 17.7

A11a 2.14 C/D 90% 0.77 0.85 27 2.0% 2.4 1000 4.5% 20.0 4.2 3.9 6.4 1027.0 14.3 6.4
A11b 5.46 C/D 66% 0.57 0.75 100 2.0% 7.5 1170 2.9% 20.0 3.4 5.7 13.3 1270.0 21.1 13.3
A11c 5.76 C/D 55% 0.49 0.71 27 2.0% 4.6 1060 3.4% 20.0 3.7 4.8 9.4 1087.0 22.4 9.4
A12a 0.63 C/D 90% 0.77 0.85 27 2.0% 2.4 375 2.0% 20.0 2.8 2.2 4.6 402.0 12.7 5.0
A12b 1.16 C/D 90% 0.77 0.85 27 2.0% 2.4 550 3.2% 20.0 3.6 2.6 5.0 577.0 13.1 5.0
A12c 2.83 C/D 55% 0.49 0.71 100 2.0% 8.8 745 3.0% 20.0 3.4 3.6 12.4 845.0 21.0 12.4
A12d 4.77 C/D 54% 0.48 0.70 300 2.9% 13.6 400 6.2% 20.0 5.0 1.3 15.0 700.0 18.4 15.0
A13a 0.86 C/D 90% 0.77 0.85 27 2.0% 2.4 410 2.0% 20.0 2.8 2.4 4.9 437.0 12.9 5.0
A13b 0.85 C/D 90% 0.77 0.85 27 2.0% 2.4 415 2.3% 20.0 3.1 2.3 4.7 442.0 12.8 5.0
A14 13.90 C/D 20% 0.20 0.56 233 7.2% 13.0 700 4.3% 20.0 4.1 2.8 15.8 933.0 27.4 15.8
A15 2.74 C/D 67% 0.58 0.76 217 5.2% 8.0 280 5.5% 20.0 4.7 1.0 9.0 497.0 15.7 9.0

OS7a 6.75 C/D 5% 0.08 0.50 500 26.5% 14.0 0 2.0% 5.0 0.7 0.0 14.0 500.0 25.2 14.0
OS7b 6.56 C/D 5% 0.08 0.50 460 23.7% 13.9 850 10.6% 5.0 1.6 8.7 22.7 1310.0 29.6 22.7
OS8 5.68 C/D 6% 0.09 0.51 440 18.0% 14.8 545 7.8% 5.0 1.4 6.5 21.3 985.0 28.3 21.3
B0 2.64 B/C/D 68% 0.59 0.76 125 21.1% 3.7 200 0.5% 20.0 1.4 2.4 6.1 325.0 17.0 6.1

B1a 5.62 B/C/D 57% 0.50 0.71 27 2.0% 4.5 1910 2.2% 20.0 3.0 10.8 15.3 1937.0 28.9 15.3
B1b 7.61 B/C/D 58% 0.48 0.70 80 2.0% 7.9 1200 2.8% 20.0 3.4 5.9 13.8 1280.0 23.0 13.8
B1c 2.71 C/D 84% 0.73 0.83 27 2.0% 2.8 963 1.5% 20.0 2.4 6.6 9.3 990.0 18.0 9.3
B1d 2.85 C/D 56% 0.50 0.71 15 2.0% 3.4 645 3.4% 20.0 3.7 2.9 6.3 660.0 19.9 6.3
B1e 6.28 B/C/D 55% 0.46 0.69 80 2.0% 8.2 1060 1.9% 20.0 2.8 6.3 14.5 1140.0 24.2 14.5
B1f 1.76 C/D 75% 0.65 0.79 75 2.0% 5.6 430 2.1% 20.0 2.9 2.5 8.1 505.0 15.8 8.1
B1g 3.31 B/C/D 55% 0.48 0.71 75 2.0% 7.7 600 1.4% 20.0 2.3 4.3 11.9 675.0 21.8 11.9
B2 8.15 B/C/D 55% 0.48 0.71 27 2.0% 4.6 1000 4.0% 20.0 4.0 4.2 8.8 1027.0 21.7 8.8

B3a 7.64 B/C/D 60% 0.51 0.72 27 2.0% 4.4 1640 1.8% 20.0 2.7 10.3 14.7 1667.0 27.7 14.7
B3b 1.68 B/C/D 55% 0.48 0.70 120 2.0% 9.8 940 4.0% 20.0 4.0 3.9 13.7 1060.0 21.3 13.7
B4 4.08 C/D 52% 0.47 0.70 100 2.0% 9.1 760 3.3% 20.0 3.6 3.5 12.6 860.0 21.3 12.6

B5a 5.60 B/C/D 48% 0.42 0.68 100 2.0% 9.7 1216 1.5% 20.0 2.4 8.4 18.1 1316.0 28.5 18.1
B5b 5.20 B/C/D 72% 0.63 0.78 27 2.0% 3.5 1560 1.9% 20.0 2.8 9.4 13.0 1587.0 23.6 13.0
B5c 3.83 B/C/D 54% 0.45 0.69 100 2.0% 9.3 1230 3.8% 20.0 3.9 5.3 14.5 1330.0 23.2 14.5
B5d 3.76 C/D 55% 0.49 0.71 15 2.0% 3.4 950 3.0% 20.0 3.5 4.6 8.0 965.0 22.1 8.0
B6a 3.65 C/D 55% 0.49 0.71 100 2.0% 8.8 1000 3.8% 20.0 3.9 4.3 13.1 1100.0 21.7 13.1
B6b 2.38 C/D 55% 0.49 0.71 100 2.0% 8.8 775 1.4% 20.0 2.3 5.5 14.3 875.0 23.2 14.3
B7 4.23 C/D 55% 0.49 0.71 50 25.0% 2.7 1100 5.3% 20.0 4.6 4.0 6.7 1150.0 21.4 6.7

OS3 72.31 B/C/D 5% 0.07 0.50 250 10.0% 13.7 3450 4.7% 5.0 1.1 53.0 66.7 3700.0 52.4 52.4
OS2b 1.81 C/D 5% 0.08 0.50 350 25.7% 11.8 0 2.0% 5.0 0.7 0.0 11.8 350.0 25.2 11.8
OS4a 3.10 B/C/D 7% 0.05 0.46 100 2.0% 15.1 375 4.7% 5.0 1.1 5.7 20.8 475.0 27.7 20.8
OS4b 3.04 C/D 5% 0.08 0.50 492 28.0% 13.6 0 2.0% 5.0 0.7 0.0 13.6 492.0 25.2 13.6
OS5a 1.90 C/D 5% 0.08 0.50 500 28.0% 13.8 0 2.0% 5.0 0.7 0.0 13.8 500.0 25.2 13.8
OS5b 59.27 C/D 5% 0.08 0.50 500 15.0% 16.9 2020 5.9% 5.0 1.2 27.7 44.6 2520.0 39.4 39.4
OS5c 2.48 C/D 5% 0.08 0.50 500 23.0% 14.7 260 21.2% 5.0 2.3 1.9 16.6 760.0 26.1 16.6
OS5d 1.11 C/D 5% 0.08 0.50 500 29.7% 13.5 0 2.0% 5.0 0.7 0.0 13.5 500.0 25.2 13.5
OS6a 4.84 C/D 5% 0.08 0.50 500 31.4% 13.3 0 2.0% 5.0 0.7 0.0 13.3 500.0 25.2 13.3
OS6b 23.13 C/D 5% 0.08 0.50 250 11.2% 13.2 1111 13.9% 5.0 1.9 9.9 23.1 1361.0 30.3 23.1

C0 1.74 C/D 46% 0.41 0.67 286 11.3% 9.4 70 0.5% 20.0 1.4 0.8 10.3 356.0 19.2 10.3
C1a 2.43 C/D 82% 0.70 0.82 27 2.0% 2.9 1015 3.7% 20.0 3.8 4.4 7.4 1042.0 16.4 7.4
C1b 5.39 C/D 46% 0.41 0.67 100 2.0% 9.9 580 1.7% 20.0 2.6 3.7 13.6 680.0 23.0 13.6
OS1 10.85 C/D 5% 0.08 0.50 350 31.9% 11.0 300 20.2% 5.0 2.2 2.2 13.3 650.0 26.3 13.3

OS2a 39.42 C/D 5% 0.08 0.50 100 25.0% 6.4 2590 6.4% 5.0 1.3 34.2 40.6 2690.0 42.8 40.6

ON-SITE BASINS - OUTFALL TO EURV PONDS
HAPPY CANYON (HC) ON-SITE

STANDARD FORM SF-2
TIME OF CONCENTRATION

SUB-BASIN DATA tc  CHECK (URBANIZED BASINS)INITIAL/OVERLAND (Ti) TRAVEL TIME (Tt)
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Subdivision: Ridgegate Project Name: Phase II Drainage Report
Location: Lone Tree Project No.: 15950.00

Notes: Calculated By: KAU
Date: 7/13/20

FINAL
BASIN D.A. Hydrologic Imp. C5 C100 L S o t i L t S t K VEL. t t COMP. t c TOTAL Urbanized t c t c

ID (ac) Soils Group (%) (ft) (%) (min) (ft) (%) (ft/s) (min) (min) LENGTH (ft) (min) (min)
ON-SITE BASINS - OUTFALL TO EURV PONDS

HAPPY CANYON (HC) ON-SITE

STANDARD FORM SF-2
TIME OF CONCENTRATION

SUB-BASIN DATA tc  CHECK (URBANIZED BASINS)INITIAL/OVERLAND (Ti) TRAVEL TIME (Tt)

R0 2.95 B/C/D 68% 0.57 0.75 100 20.0% 3.5 200 0.5% 20.0 1.4 2.4 5.9 300.0 17.0 5.9
R1 4.45 C/D 77% 0.67 0.80 27 2.5% 3.0 1235 3.0% 20.0 3.5 5.9 8.9 1262.0 18.9 8.9

RB1 0.87 B/C/D 68% 0.57 0.75 67 3.4% 5.2 392 1.9% 20.0 2.8 2.4 7.6 459.0 17.1 7.6
RB2 0.63 B/C/D 81% 0.69 0.81 67 3.4% 4.1 392 1.9% 20.0 2.8 2.4 6.4 459.0 14.6 6.4
RB3 0.28 C/D 59% 0.52 0.73 48 2.0% 5.8 150 1.9% 20.0 2.7 0.9 6.7 198.0 17.0 6.7
RB4 1.00 C/D 51% 0.45 0.69 92 14.9% 4.6 393 1.8% 20.0 2.7 2.4 7.0 485.0 20.3 7.0
RB5 1.96 C/D 44% 0.40 0.67 90 18.1% 4.6 580 3.1% 20.0 3.5 2.7 7.4 670.0 22.1 7.4
RB6 1.34 C/D 53% 0.47 0.70 133 17.8% 5.1 179 2.5% 20.0 3.2 0.9 6.0 312.0 18.1 6.0

RB8a 7.82 C/D 75% 0.65 0.79 10 2.0% 2.0 735 5.8% 20.0 4.8 2.5 4.6 745.0 15.9 5.0
RB8b 2.62 C/D 10% 0.12 0.52 100 25.0% 6.1 425 3.6% 7.0 1.3 5.4 11.5 525.0 27.9 11.5
RC1 2.33 C/D 30% 0.28 0.61 33 3.4% 5.7 699 2.9% 20.0 3.4 3.4 9.1 732.0 26.0 9.1
RC2 3.27 C/D 31% 0.29 0.61 130 11.9% 7.4 1155 2.1% 20.0 2.9 6.7 14.0 1285.0 30.7 14.0
RC3 1.10 C/D 53% 0.47 0.70 110 1.8% 9.8 362 1.7% 20.0 2.6 2.3 12.2 472.0 19.9 12.2
RC4 0.28 C/D 61% 0.53 0.73 74 2.0% 7.0 126 0.8% 20.0 1.8 1.2 8.2 200.0 17.0 8.2
RC7 9.32 C/D 85% 0.73 0.83 10 2.0% 1.7 780 1.7% 20.0 2.6 5.0 6.7 790.0 16.3 6.7

RC6a 0.75 C/D 90% 0.77 0.85 27 2.0% 2.4 430 1.8% 20.0 2.7 2.7 5.1 457.0 13.2 5.1
RC6b 2.29 C/D 75% 0.65 0.79 50 2.0% 4.6 375 1.9% 20.0 2.8 2.2 6.8 425.0 15.6 6.8
RC6c 1.45 C/D 90% 0.77 0.85 27 2.0% 2.4 565 1.3% 20.0 2.3 4.1 6.5 592.0 14.5 6.5
RC6d 0.66 C/D 75% 0.65 0.79 80 2.0% 5.8 75 2.5% 20.0 3.2 0.4 6.2 155.0 13.7 6.2
RC6e 0.36 C/D 75% 0.65 0.79 80 2.0% 5.8 75 2.5% 20.0 3.2 0.4 6.2 155.0 13.7 6.2
RC6f 3.47 C/D 61% 0.54 0.74 27 2.0% 4.2 900 3.2% 20.0 3.6 4.2 8.4 927.0 20.3 8.4
R2a 1.87 C/D 71% 0.61 0.77 18 2.0% 3.0 350 2.5% 20.0 3.2 1.8 4.8 368.0 15.9 5.0
R2b 1.18 B/C/D 75% 0.65 0.79 100 11.2% 3.7 415 2.1% 20.0 2.9 2.4 6.0 515.0 15.7 6.0
R2c 3.13 B/C/D 75% 0.65 0.79 100 2.0% 6.5 1065 4.2% 20.0 4.1 4.3 10.8 1165.0 17.7 10.8
R3 14.66 B/C/D 24% 0.22 0.57 100 2.0% 12.7 1220 1.6% 20.0 2.5 8.1 20.9 1320.0 35.2 20.9
D0 1.21 C/D 68% 0.59 0.76 110 13.1% 4.1 65 0.5% 20.0 1.4 0.8 4.9 175.0 15.3 5.0
D1 8.23 B/C/D 25% 0.24 0.58 15 2.0% 4.8 700 1.7% 7.0 0.9 12.9 17.7 715.0 29.0 17.7
D2 13.34 B/C/D 25% 0.21 0.56 15 2.0% 4.9 1130 2.1% 7.0 1.0 18.4 23.3 1145.0 32.0 23.3

OF1 2.28 C/D 90% 0.77 0.85 29.5 2.0% 2.6 488 0.6% 20.0 1.5 5.3 7.8 517.5 15.6 7.8
OF3 1.38 C/D 29% 0.28 0.60 80 15.0% 5.5 0 2.0% 7.0 1.0 0.0 5.5 80.0 21.0 5.5
OF4 0.57 B/C/D 45% 0.40 0.67 80 15.0% 4.6 0 2.0% 7.0 1.0 0.0 4.6 80.0 18.4 5.0
OF5 0.87 C/D 36% 0.32 0.62 80 15.0% 5.2 0 2.0% 7.0 1.0 0.0 5.2 80.0 19.8 5.2
OF6 0.33 C/D 45% 0.40 0.67 80 15.0% 4.6 0 2.0% 7.0 1.0 0.0 4.6 80.0 18.4 5.0

EURV POND A 165.54 B/C/D 49.7% 0.44 0.69 4500 6.0%
EURV POND B 255.97 B/C/D 22.3% 0.21 0.57 5800 5.0%
EURV POND C 59.83 C/D 13.0% 0.14 0.54 2700 6.0%
EURV POND R 70.04 B/C/D 57.0% 0.40 0.53 2100 5.0%
EURV POND D 22.78 B/C/D 27.3% 0.24 0.58 1000 6.0%

E0 1.70 B/C/D 68% 0.56 0.75 166 18.0% 4.8 88 0.5% 20.0 1.4 1.0 5.8 254.0 15.6 5.8
E1 6.91 B/C/D 26% 0.20 0.55 10 2.0% 4.1 1260 2.6% 7.0 1.1 18.6 22.6 1270.0 31.9 22.6

E2a 2.80 B/C/D 90% 0.77 0.85 18 2.0% 2.0 1700 2.4% 20.0 3.1 9.1 11.1 1718.0 19.1 11.1
E2b 6.80 B/C/D 55% 0.47 0.70 18 2.0% 3.8 2100 1.6% 20.0 2.6 13.7 17.5 2118.0 33.0 17.5
E2c 1.36 B/C/D 90% 0.77 0.85 18 2.0% 2.0 830 2.5% 20.0 3.2 4.4 6.4 848.0 14.8 6.4
E3 3.99 B/C/D 55% 0.48 0.70 18 2.0% 3.8 800 1.8% 20.0 2.7 4.9 8.7 818.0 22.6 8.7
E4 4.77 B/C/D 55% 0.46 0.69 40 2.0% 5.8 765 1.8% 20.0 2.7 4.7 10.5 805.0 22.3 10.5
E5 0.45 B/C/D 90% 0.77 0.85 27 2.0% 2.5 400 2.8% 20.0 3.3 2.0 4.5 427.0 12.5 5.0
E6 3.68 B/C/D 57% 0.47 0.70 27 2.0% 4.7 580 2.5% 20.0 3.2 3.0 7.8 607.0 19.8 7.8
E7 1.64 B/C/D 75% 0.63 0.78 18 2.0% 2.9 375 4.4% 20.0 4.2 1.5 4.4 393.0 14.8 5.0
E8 3.84 B/C/D 55% 0.47 0.70 18 2.0% 3.9 1000 3.5% 20.0 3.7 4.5 8.3 1018.0 22.0 8.3
F0 2.53 B/C/D 85% 0.72 0.82 50 25.0% 1.7 290 0.5% 20.0 1.4 3.4 5.1 340.0 14.9 5.1
F1 11.50 C/D 55% 0.46 0.69 50 2.0% 6.5 1550 2.5% 20.0 3.1 8.2 14.7 1600.0 26.5 14.7
F2 7.82 C/D 55% 0.45 0.69 18 2.0% 3.9 1600 3.0% 20.0 3.5 7.7 11.6 1618.0 25.9 11.6
F3 6.07 B/C/D 55% 0.49 0.71 18 2.0% 3.7 1065 3.0% 20.0 3.4 5.1 8.9 1083.0 22.8 8.9
F4 3.02 B/C/D 32% 0.26 0.58 200 8.7% 10.6 500 1.8% 20.0 2.7 3.1 13.7 700.0 25.2 13.7
F5 5.38 B/C/D 38% 0.32 0.62 18 2.0% 4.8 750 4.2% 20.0 4.1 3.1 7.8 768.0 23.8 7.8
F6 6.69 C/D 54% 0.48 0.71 18 2.0% 3.8 1700 3.5% 20.0 3.7 7.6 11.4 1718.0 25.9 11.4
F7 5.41 B/C/D 55% 0.45 0.68 18 2.0% 4.0 650 3.1% 20.0 3.5 3.1 7.0 668.0 20.3 7.0
F8 1.20 B/C/D 90% 0.77 0.85 18 2.0% 2.0 850 3.3% 20.0 3.6 3.9 5.9 868.0 14.3 5.9

OS9 25.01 B/C/D 5% 0.06 0.48 500 19.0% 15.9 360 13.5% 5.0 1.8 3.3 19.2 860.0 26.8 19.2
RE1 3.00 B/C/D 61% 0.53 0.73 110 2.0% 8.5 1165 1.0% 20.0 2.0 9.7 18.2 1275.0 26.7 18.2

RE2a 5.16 B/C/D 75% 0.65 0.79 50 2.0% 4.6 1000 2.0% 20.0 2.8 5.9 10.5 1050.0 19.4 10.5
RE2b 2.53 C/D 75% 0.65 0.79 50 2.0% 4.6 250 4.4% 20.0 4.2 1.0 5.6 300.0 14.4 5.6
RE3 1.58 C/D 56% 0.48 0.71 97 2.0% 8.8 678 3.7% 20.0 3.8 2.9 11.7 775.0 20.0 11.7
RE4 4.09 C/D 75% 0.64 0.79 100 2.0% 6.6 650 3.7% 20.0 3.9 2.8 9.4 750.0 16.1 9.4
RE5 4.01 B/C/D 75% 0.63 0.78 100 2.0% 6.8 650 3.8% 20.0 3.9 2.8 9.6 750.0 16.1 9.6
OF2 0.65 B/C/D 90% 0.77 0.85 18 2.0% 2.0 260 2.4% 20.0 3.1 1.4 3.4 278.0 12.0 5.0
OF7 1.40 B/C/D 45% 0.36 0.64 80 15.0% 4.9 0 2.0% 7.0 1.0 0.0 4.9 80.0 18.4 5.0
OF8 1.33 B/C/D 45% 0.36 0.64 80 15.0% 4.9 0 2.0% 7.0 1.0 0.0 4.9 80.0 18.4 5.0

EURV POND E 37.94 B/C/D 56% 0.47 0.70 1500 2.0%
EURV POND F 74.63 B/C/D 38% 0.32 0.62 2200 3.0%

EX WQ POND E 20.37 B/C/D 71% 0.61 0.77 1175 5.0%

BADGER GULCH (BG) ON-SITE
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Project Name: Phase II Drainage Report Notes:
Subdivision: Ridgegate Project No.: Street and Pipe C*A values are determined by Q/i using

Location: Lone Tree Calculated By: KAU
Design Storm: 5-Year 1-hr Precipitation (in): 1.43 Date:
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A12a 0.63 0.77 5.0 0.49 4.85 2.4

A12b 1.16 0.77 5.0 0.90 4.85 4.4
4.9 1.4 2.4 3.1 230 1.2

A12c A12c 2.83 0.49 12.4 1.38 3.54 4.9
7.4 2.3 2.4 3.1 80 0.4

A12d A12d 4.77 0.48 15.0 2.28 3.25 7.4

1A 15.4 5.05 3.21 16.2 16.2 5.1 1.5 30 9.1 1330 2.4

2A A10 14.64 0.50 17.7 7.28 3.00 21.8 21.8 7.3 1.5 30 9.8 240 0.4

3A 18.1 12.33 2.96 36.5 36.5 12.3 1.0 42 9.6 44

A11a 2.14 0.77 6.4 1.65 4.53 7.5
10.8 3.1 2.8 3.4 315 1.6

A11b A11b 5.46 0.57 13.3 3.14 3.43 10.8
11.1 2.8 2.9 3.4 300 1.5

A11c A11c 5.76 0.49 9.4 2.80 3.97 11.1

4A 18.1 19.92 2.96 59.0 59.0 19.9 0.5 48 8.4 1515 3.0

A15 2.74 0.58 9.0 1.60 4.03 6.4 6.4 1.6 2.0 24 8.0 220 0.5

A13a 0.86 0.77 5.0 0.66 4.85 3.2

A13b 0.85 0.77 5.0 0.66 4.85 3.2

A14 13.90 0.20 15.8 2.74 3.17 8.7 8.7 2.7 1.5 30 7.6 25

5A 15.8 5.66 3.17 17.9 17.9 5.7 1.0 42 7.9 1385 2.9

OS7b OS7b 6.56 0.08 22.7 0.50 2.63 1.3 1.3 0.5 2.0 24 4.9 700 2.4

OS8 OS8 5.68 0.09 21.3 0.48 2.72 1.3 1.3 0.5 3.0 18 5.7 555 1.6

6A A8 12.71 0.37 11.9 4.72 3.61 17.0 25.0 5.70 2.49 14.2 14.2 5.7 1.0 42 7.4 440 1.0

7A 26.0 11.36 2.44 27.7 27.7 11.4 0.5 48 6.9 455 1.1

A9a 4.31 0.71 9.3 3.04 3.97 12.1

A9b 6.79 0.37 13.8 2.51 3.37 8.5

8A 27.1 16.91 2.38 40.2 40.2 16.9 0.5 66 7.5 50

9A A7 5.38 0.49 11.4 2.61 3.66 9.6 9.6 2.6 2.0 24 8.9 300 0.6

A6a 5.03 0.64 14.9 3.23 3.26 10.5

A6b 2.82 0.73 5.0 2.06 4.85 10.0 10.0 2.1 2.5 24 9.6 100
3.7 1.1 3.5 3.8 1070 4.7

A6c A6c 2.24 0.49 13.8 1.09 3.37 3.7

10A 18.6 6.38 2.92 18.6 18.6 6.4 1.0 30 8.1 50

11A 27.1 23.29 2.38 55.4 55.4 23.3 0.5 66 8.1 565 1.2
1.7 0.5 7.7 5.6 1000 3.0

OS7a OS7a 6.75 0.08 14.0 0.51 3.35 1.7

A6d A6d 10.83 0.49 15.4 5.26 3.21 16.9 17.0 5.77 3.05 17.6 17.6 5.8 1.0 42 7.9 950 2.0

A5 A5 8.14 0.65 7.6 5.29 4.28 22.6

12A 19.0 11.06 2.89 32.0 32.0 11.1 1.0 42 9.3 225 0.4

A3c 1.23 0.65 7.7 0.80 4.26 3.4 3.4 0.8 4.0 18 8.7 50

13A 19.0 11.86 2.89 34.3 34.3 11.9 0.5 42 7.3 960 2.2

14A A4 6.96 0.68 9.7 4.71 3.92 18.5 18.5 4.7 1.5 42 9.2 250 0.5

15A 21.2 16.57 2.73 45.2 45.2 16.6 0.5 48 7.9 165 0.4
5.6 1.3 5.4 4.6 70 0.3

A3a A3a 2.04 0.65 7.9 1.33 4.23 5.6

A3b 8.57 0.48 17.3 4.12 3.03 12.5

16A 21.6 22.02 2.70 59.5 59.5 22.0 0.5 42 8.3 50

17A 28.3 45.31 2.32 105.1 105.1 45.3 0.5 72 9.6 215 0.4

A2a 1.40 0.39 8.1 0.55 4.19 2.3

A2b 2.68 0.55 8.8 1.47 4.06 6.0

18A 28.7 47.33 2.30 108.9 108.9 47.3 0.5 72 9.8 1265 2.2

19A A1 6.58 0.20 27.6 1.33 2.35 3.1 3.1 1.3 2.0 24 6.3 280 0.7

A0 3.10 0.58 7.0 1.80 4.40 7.9
Per UD-Detention

30.8 70.38 2.21 155.5 66.9 0.5 81.24 8.5

TOTAL RUNOFF TRAVEL TIMEPIPE

(RATIONAL METHOD PROCEDURE)
STORM DRAINAGE SYSTEM DESIGN

STANDARD FORM SF-3

7/13/20

15950.00

Northeast Storm
Line

0A

De
sig

n 
Po

in
t

EURV POND A

Southwest Storm
Line

Pond
Inflow/Outfall

Overall Pond A Inflow

DIRECT RUNOFF STREET
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Project Name: Phase II Drainage Report Notes:
Subdivision: Ridgegate Project No.: Street and Pipe C*A values are determined by Q/i using

Location: Lone Tree Calculated By: KAU
Design Storm: 5-Year 1-hr Precipitation (in): 1.43 Date:
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TOTAL RUNOFF TRAVEL TIMEPIPE

(RATIONAL METHOD PROCEDURE)
STORM DRAINAGE SYSTEM DESIGN

STANDARD FORM SF-3

7/13/20

15950.00

De
sig

n 
Po

in
t

EURV POND A

DIRECT RUNOFF STREET

0.5 0.1 4.6 4.3 560 2.2
OS2b OS2b 1.81 0.08 11.8 0.14 3.61 0.5

B5d B5d 3.76 0.49 8.0 1.83 4.21 7.7 14.0 1.97 3.35 6.6 6.6 2.0 2.0 24 8.0 950 2.0

B5a B5a 5.60 0.42 18.1 2.38 2.96 7.0 7.0 2.4 2.0 24 8.1 50

B5c B5c 3.83 0.45 14.5 1.74 3.29 5.7 5.7 1.7 2.0 24 7.6 50

1B 18.1 6.09 2.96 18.0 18.0 6.1 1.0 30 8.1 260 0.5

2B B5b 5.20 0.63 13.0 3.26 3.47 11.3 18.6 9.35 2.92 27.3 27.3 9.4 1.0 36 8.9 230 0.4

OS3 OS3 72.31 0.07 52.4 5.39 1.58 8.5 8.5 5.4 0.5 42 5.0 480 1.6

OS4a OS4a 3.10 0.05 20.8 0.15 2.75 0.4

3B 54.0 5.54 1.55 8.6 8.6 5.5 0.5 48 4.9 50

4B 54.0 14.89 1.55 23.1 23.1 14.9 0.5 48 6.5 750 1.9
0.8 0.2 4.2 4.1 900 3.7

OS4b OS4b 3.04 0.08 13.6 0.23 3.39 0.8

B2 B2 8.15 0.48 8.8 3.94 4.06 16.0 17.3 4.17 3.03 12.6 12.6 4.2 1.0 30 7.3 50

5B 55.9 19.06 1.51 28.8 28.8 19.1 0.5 48 6.9 750 1.8
0.5 0.1 3.5 3.7 600 2.7

OS5a OS5a 1.90 0.08 13.8 0.14 3.38 0.5

OS5c OS5c 2.48 0.08 16.6 0.19 3.09 0.6 0.6 0.2 3.0 18 4.5 50

OS5b OS5b 59.27 0.08 39.4 4.50 1.90 8.6 8.6 4.5 0.5 42 5.0 50
0.3 0.1 1.6 2.5 360 2.4

OS5d OS5d 1.11 0.08 13.5 0.08 3.41 0.3

B4 B4 4.08 0.47 12.6 1.90 3.51 6.7 15.9 1.98 3.16 6.3 6.3 2.0 2.0 24 7.9 80

6B 39.4 6.81 1.90 12.9 12.9 6.8 0.5 48 5.5 450 1.4

7B 57.7 25.87 1.48 38.3 38.3 25.9 0.5 66 7.3 750 1.7

B1d 2.85 0.50 6.3 1.42 4.55 6.5 6.5 1.4 2.5 18 8.8 50

B1e 6.28 0.46 14.5 2.89 3.29 9.5 9.5 2.9 1.5 24 8.0 185 0.4
6'x5' RCBC

8B B1b 7.61 0.48 13.8 3.68 3.37 12.4 59.4 33.86 1.45 49.1 49.1 33.9 0.5 74.16 7.8 100 0.2
Northeast Storm

OS6b OS6b 23.13 0.08 23.1 1.76 2.60 4.6 4.6 1.8 1.0 36 5.3 185 0.6
1.3 0.4 1.2 2.2 1150 8.6

OS6a OS6a 4.84 0.08 13.3 0.37 3.44 1.3

9B B6b 2.38 0.49 14.3 1.16 3.32 3.9 23.7 3.29 2.57 8.5 8.5 3.3 1.0 42 6.3 150 0.4

10B B6a 3.65 0.49 13.1 1.77 3.46 6.1 24.1 5.06 2.54 12.9 12.9 5.1 1.0 42 7.1 115 0.3

11B B3b 1.68 0.48 13.7 0.80 3.38 2.7 24.4 5.86 2.53 14.8 14.8 5.9 1.0 42 7.5 150 0.3
5.8 1.6 2.3 3.0 275 1.5

B1g B1g 3.31 0.48 11.9 1.60 3.60 5.8

12B B3a 7.64 0.51 14.7 3.92 3.28 12.9 24.7 11.38 2.51 28.6 28.6 11.4 0.5 60 6.8 225 0.5

B1f 1.76 0.65 8.1 1.14 4.19 4.8 4.8 1.1 3.0 18 8.6 50

13B 25.2 12.52 2.48 31.0 31.0 12.5 0.5 60 7.0 870 2.1

B1a 5.62 0.50 15.3 2.78 3.22 9.0

B1c 2.71 0.73 9.3 1.97 3.97 7.8
6'x6' RCBC

14B 27.3 17.27 2.37 40.9 40.9 17.3 0.5 81.24 7.3 100 0.2
7'x6' RCBC

15B 59.7 51.13 1.45 74.1 74.1 51.1 0.5 87.75 8.6 500 1.0

16B B7 4.23 0.49 6.7 2.06 4.46 9.2 9.2 2.1 1.5 30 7.7 100

B0 2.64 0.59 6.1 1.56 4.59 7.2
Per UD-Detention 6'x6' RCBC

60.6 54.75 1.44 78.8 78.3 0.5 81.24 8.8

2.8 0.8 7.2 5.4 275 0.9
OS1 OS1 10.85 0.08 13.3 0.82 3.44 2.8

OS2a OS2a 39.42 0.08 40.6 3.00 1.87 5.6 5.6 3.0 1.0 36 5.7 1190 3.5

C1a 2.43 0.70 7.4 1.71 4.32 7.4

1C 44.0 5.53 1.77 9.8 9.8 5.5 1.0 48 6.5 157

2C C1b 5.39 0.41 13.6 2.23 3.40 7.6 7.6 2.2 2.0 24 8.2 385 0.8

C0 1.74 0.41 10.3 0.72 3.83 2.8
Per UD-Detention

44.0 6.25 1.77 11.1 11.1 0.5 42 5.3

Southern Storm
Line

North Storm Line

Overall Pond B Inflow

Overall Pond C Inflow
0C

Southwest Storm
Line

EURV POND B

Combined Lines

Pond
Inflow/Outfall

EURV POND C

Pond
Inflow/Outfall

0B
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Project Name: Phase II Drainage Report Notes:
Subdivision: Ridgegate Project No.: Street and Pipe C*A values are determined by Q/i using

Location: Lone Tree Calculated By: KAU
Design Storm: 5-Year 1-hr Precipitation (in): 1.43 Date:

STREET
Ba

sin
 ID

Ar
ea

 (A
c)

Ru
no

ff
Co

ef
f.

t c
 (m

in
)

C*
A 

(A
c)

I 
(in

/h
r)

Q
 (c

fs
)

tc
 (m

in
)

C*
A 

(a
c)

I 
(in

/h
r)

Q
 (c

fs
)

Q
st

re
et

 (c
fs

)

C*
A 

(a
c)

Sl
op

e 
(%

)

Q
pi

pe
 (c

fs
)

C*
A 

(a
c)

Sl
op

e 
(%

)

Pi
pe

 S
iz

e
(in

)

Ve
lo

ci
ty

(fp
s)

Le
ng

th
 (f

t)

t t
 (m

in
)

REMARKS

TOTAL RUNOFF TRAVEL TIMEPIPE

(RATIONAL METHOD PROCEDURE)
STORM DRAINAGE SYSTEM DESIGN

STANDARD FORM SF-3

7/13/20

15950.00

De
sig

n 
Po

in
t

EURV POND A

DIRECT RUNOFF STREET

1D D2 13.34 0.21 23.3 2.82 2.59 7.3 7.3 2.8 1.5 30 7.2 840 1.9

2D D1 8.23 0.24 17.7 1.95 2.99 5.8

D0 1.21 0.59 5.0 0.72 4.85 3.5
Per UD-Detention

25.3 5.49 2.48 13.6 10.0 0.5 30 5.3

1R R1 4.45 0.67 8.9 2.97 4.04 12.0 12.0 3.0 2.0 24 9.4 175 0.3

2R R3 14.66 0.22 20.9 3.16 2.75 8.7

3R RC6a 0.75 0.77 5.1 0.58 4.82 2.8 2.8 0.6 4.0 18 8.3 350 0.7

R2a 1.87 0.61 5.0 1.14 4.85 5.5

R2b 1.18 0.65 6.0 0.77 4.61 3.5
7.6 2.0 2.3 3.0 250 1.4

R2c R2c 3.13 0.65 10.8 2.03 3.75 7.6

4R 12.2 3.94 3.57 14.1 14.1 3.9 1.5 30 8.7 75

5R 12.2 4.52 3.57 16.1 16.1 4.5 1.5 30 9.0 540 1.0

R6b RC6b 2.29 0.65 6.8 1.49 4.43 6.6 6.6 1.5 2.0 24 8.0 425 0.9

6R RC6c 1.45 0.77 6.5 1.12 4.50 5.0 7.7 2.61 4.26 11.1 11.1 2.6 3.0 30 10.5 165 0.3

7R 13.2 7.13 3.44 24.5 24.5 7.1 1.0 36 8.7 300 0.6

8R RC6d 0.66 0.65 6.2 0.43 4.57 2.0 13.8 7.56 3.38 25.6 25.6 7.6 1.0 36 8.8 140 0.3

9R RC6e 0.36 0.65 6.2 0.23 4.57 1.1 14.0 7.79 3.35 26.1 26.1 7.8 1.0 36 8.8 192 0.4

10R RC6f 3.47 0.54 8.4 1.87 4.13 7.7 14.4 9.66 3.31 32.0 32.0 9.7 1.0 36 9.3 300 0.5
0.6

RC4 0.28 0.53 8.2 0.15 4.17 0.6 Does not exceed Ridgegate Drainage Report Inflows
29.7

RC4 14.9 9.81 3.25 31.9 Increased Flow (cfs) = 2.2
30.5

RC3 RC3 1.10 0.47 12.2 0.52 3.57 1.9 14.9 10.33 3.25 33.6 Increased Flow (cfs) = 3.1

R8b RB8b 2.62 0.12 11.5 0.31 3.65 1.1

RC7 RC7 9.32 0.73 6.7 6.82 4.46 30.4
36.2

RC2 RC2 3.27 0.29 14.0 0.95 3.35 3.2 14.0 8.08 3.35 27.1 Does not exceed Ridgegate Drainage Report Inflows
59.6

RC1 RC1 2.33 0.28 9.1 0.66 4.01 2.6 14.9 19.07 3.25 62.0 Increased Flow (cfs) = 2.4

R8a RB8a 7.82 0.65 5.0 5.08 4.85 24.6
38.1

RB1 RB5 1.96 0.40 7.4 0.78 4.32 3.4 11.5 6.17 3.65 22.5 Does not exceed Ridgegate Drainage Report Inflows
87.1

RB2 RB6 1.34 0.47 6.0 0.63 4.61 2.9 14.9 25.87 3.25 84.1 Does not exceed Ridgegate Drainage Report Inflows
2.3

RB3 RB3 0.28 0.52 6.7 0.15 4.46 0.7 Does not exceed Ridgegate Drainage Report Inflows
89.2

RB4 RB4 1.00 0.45 7.0 0.45 4.39 2.0 14.9 26.47 3.25 86.0 Does not exceed Ridgegate Drainage Report Inflows
2.0

RB2 0.63 0.69 6.4 0.43 4.51 1.9 Does not exceed Ridgegate Drainage Report Inflows
3.4

RB5 RB1 0.87 0.57 7.6 0.50 4.28 2.1 7.6 0.93 4.28 4.0 Increased Flow (cfs) = 0.6
91.7

RB6 14.9 27.40 3.25 89.1 Does not exceed Ridgegate Drainage Report Inflows

R0 2.95 0.57 5.9 1.69 4.63 7.8
Per UD-Detention

20.9 35.22 2.75 96.9 24.6 0.5 60 6.5

E7 E7 1.64 0.63 5.0 1.03 4.85 5.0

E8 E8 3.84 0.47 8.3 1.79 4.14 7.4

1E E5 0.45 0.77 5.0 0.35 4.85 1.7 8.3 3.17 4.14 13.1 13.1 3.2 2.0 24 9.6 350 0.6

2E 9.0 3.52 4.04 14.2 14.2 3.5 2.0 24 9.8 290 0.5

2E E6 3.68 0.47 7.8 1.73 4.25 7.4 9.0 4.90 4.04 19.8 19.8 4.9 1.0 42 8.1 925 1.9

E4 E4 4.77 0.46 10.5 2.21 3.80 8.4 8.4 2.2 2.0 24 8.6 50

3E 10.9 7.11 3.74 26.6 26.6 7.1 1.0 36 8.9 525 1.0

4E E3 3.99 0.48 8.7 1.90 4.07 7.7 11.9 9.01 3.61 32.5 32.5 9.0 1.0 42 9.3 900 1.6

E2a 2.80 0.77 11.1 2.16 3.71 8.0
9.7 3.2 2.7 3.3 850 4.3

E2b E2b 6.80 0.47 17.5 3.22 3.01 9.7

E2c 1.36 0.77 6.4 1.04 4.52 4.7

5E 21.8 6.42 2.69 17.3 17.3 6.4 1.5 30 9.3 50

E1 E1 6.91 0.20 22.6 1.39 2.63 3.7

E0 1.70 0.56 5.8 0.96 4.65 4.5
Per UD-Detention

22.6 17.78 2.63 46.8 8.9 0.5 36 5.1

Per Ridgegate Drainage Report (DP B1)

Pond
Inflow/Outfall Overall Pond E Inflow

Park

Combined Storm
Line

Overall Pond R Inflow

Per Ridgegate Drainage Report (DP B2)

Per Ridgegate Drainage Report (Basin B2)

Per Ridgegate Drainage Report (DP B6)

Per Ridgegate Drainage Report (DP B5)

Per Ridgegate Drainage Report (DP C1)

West Storm Line
Connection

Per Ridgegate Drainage Report (DP C3)

Per Ridgegate Drainage Report (DP C4)

Per Ridgegate Drainage Report (Basin C4)

Pond
Inflow/Outfall Overall Pond D Inflow

EURV POND R

Park Storm Line
Connection

Existing Ridgegate
Storm Line

East Storm Line
Connection

Per Ridgegate Drainage Report (Basin B3)

Pond
Inflow/Outfall 0R

Southern Storm
Line

0E

EURV POND E

Eastern Storm Line

Existing Utility
Easement

Future Site

Existing Ridgegate
Storm Line

Existing Ridgegate
Storm Line

Park Flows

EURV POND D

0D

Per Ridgegate Drainage Report (DP C2)

Per Ridgegate Drainage Report (DP B4)
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Project Name: Phase II Drainage Report Notes:
Subdivision: Ridgegate Project No.: Street and Pipe C*A values are determined by Q/i using

Location: Lone Tree Calculated By: KAU
Design Storm: 5-Year 1-hr Precipitation (in): 1.43 Date:
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TOTAL RUNOFF TRAVEL TIMEPIPE

(RATIONAL METHOD PROCEDURE)
STORM DRAINAGE SYSTEM DESIGN

STANDARD FORM SF-3

7/13/20

15950.00

De
sig

n 
Po

in
t

EURV POND A

DIRECT RUNOFF STREET

F5 F5 5.38 0.32 7.8 1.70 4.23 7.2 7.2 1.7 1.5 24 7.3 50
4.2912 1.49 4.8764 4.4 890 3.4

OS9 OS9 25.01 0.06 19.2 1.49 2.88 4.3

F8 F8 1.20 0.77 5.9 0.92 4.62 4.3 22.5 2.41 2.64 6.4 6.4 2.4 1.0 36 5.9 50

1F 22.5 4.11 2.64 10.9 10.9 4.1 1.0 36 6.9 600 1.4

F7 F7 5.41 0.45 7.0 2.43 4.39 10.7 10.7 2.4 2.0 30 8.9 50

2F F1 11.50 0.46 14.7 5.31 3.28 17.4 14.7 7.74 3.28 25.4 25.4 7.7 1.0 48 8.6 60

3F 24.0 11.85 2.55 30.2 30.2 11.9 0.5 48 7.0 750 1.8

F6 F6 6.69 0.48 11.4 3.21 3.67 11.8 11.8 3.2 1.5 30 8.3 50

4F F4 3.02 0.26 13.7 0.77 3.39 2.6 13.7 3.98 3.39 13.5 13.5 4.0 1.5 30 8.6 600 1.2

5F F3 6.07 0.49 8.9 2.95 4.05 11.9 14.9 6.93 3.26 22.6 22.6 6.9 1.0 36 8.5 300 0.6

6F 25.7 18.78 2.45 46.0 46.0 18.8 0.5 54 7.9 225 0.5

7F F2 7.82 0.45 11.6 3.53 3.64 12.8 26.2 22.31 2.43 54.2 54.2 22.3 0.5 60 8.2 200 0.4

F0 2.53 0.72 5.1 1.81 4.82 8.7
Per UD-Detention

26.6 24.12 2.40 57.9 25.6 0.5 66 6.5

R6 RE2b 2.53 0.65 5.6 1.63 4.70 7.7 7.7 1.6 5.0 24 11.5 250 0.4

R7 RE2a 5.16 0.65 10.5 3.35 3.79 12.7 10.5 4.98 3.79 18.9 18.9 5.0 3.0 30 12.2 228 0.3
20.0

RE1 RE1 3.00 0.53 18.2 1.60 2.95 4.7 18.2 6.58 2.95 19.4 Does not exceed Ridgegate Drainage Report Inflows
18.3

RE2 RE3 1.58 0.48 11.7 0.76 3.63 2.8 Does not exceed Ridgegate Drainage Report Inflows
10.6

RE3 RE4 4.09 0.64 9.4 2.62 3.96 10.4 Does not exceed Ridgegate Drainage Report Inflows
29.3

RE4 18.2 9.96 2.95 29.4 Increased Flow (cfs) = 0.1
21.4

RE5 RE5 4.01 0.63 9.6 2.52 3.94 9.9 Does not exceed Ridgegate Drainage Report Inflows
44.7

0E 18.2 12.48 2.95 36.8 Does not exceed Ridgegate Drainage Report Inflows

OF1 OF1 2.28 0.77 7.8 1.76 4.23 7.4

OF2 OF2 0.65 0.77 5.0 0.50 4.85 2.4

OF3 OF3 1.38 0.28 5.5 0.38 4.74 1.8

OF4 OF4 0.57 0.40 5.0 0.23 4.85 1.1

OF5 OF5 0.87 0.32 5.2 0.28 4.81 1.3

OF6 OF6 0.33 0.40 5.0 0.13 4.85 0.6

OF7 OF7 1.40 0.36 5.0 0.51 4.85 2.5

OF8 OF8 1.33 0.36 5.0 0.48 4.85 2.3

Per Ridgegate Drainage Report (DP E1)

Per Ridgegate Drainage Report (Basin E5-F)

Near Happy
Canyon

Near Badger Gulch

OFFSITE

Pond
Inflow/Outfall Overall Pond F Inflow

Pond
Inflow/Outfall

Existing Ridgegate
Storm Line

Discharge to Pond

Storm Line
Connection

EX WQ POND E

Per Ridgegate Drainage Report (DP E1)

Per Ridgegate Drainage Report (DP E2)

Per Ridgegate Drainage Report (Basin E4-F)

Overall Ex Pond E Inflow

Per Ridgegate Drainage Report (Basin E2-F)

Southern Storm
Line

Northern Storm
Line

Combined Storm
Line

0F

EURV POND F

Into Happy Canyon

Into Happy Canyon

Into Happy Canyon

Into Badger Gulch

Into Badger Gulch

Into Happy Canyon
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Project Name: Phase II Drainage Report Notes:
Subdivision: Ridgegate Project No.: Street and Pipe C*A values are determined by Q/i using

Location: Lone Tree Calculated By: KAU
Design Storm: 100-Year 1-hr Precipitation (in): 2.60 Date:

STREET
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 ID
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t c
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REMARKS

A12a 0.63 0.85 5.0 0.54 8.82 4.8

A12b 1.16 0.85 5.0 0.99 8.82 8.7
12.9 2.01 2.4 3.1 230 1.2

A12c A12c 2.83 0.71 12.4 2.01 6.43 12.9
19.9 3.36 2.4 3.1 80 0.4

A12d A12d 4.77 0.70 15.0 3.36 5.91 19.9

1A 15.4 6.90 5.83 40.2 40.2 6.9 1.5 30 11.4 1330 1.9

2A A10 14.64 0.71 17.7 10.47 5.45 57.1 57.1 10.5 1.5 30 11.6 240 0.3

3A 18.0 17.37 5.39 93.6 93.6 17.4 1.0 42 11.9 44

A11a 2.14 0.85 6.4 1.83 8.23 15.1
25.7 4.12 2.8 3.4 315 1.6

A11b A11b 5.46 0.75 13.3 4.12 6.24 25.7
29.5 4.09 2.9 3.4 300 1.5

A11c A11c 5.76 0.71 9.4 4.09 7.22 29.5

4A 18.0 27.41 5.39 147.7 147.7 27.4 0.5 48 11.8 1515 2.1

A15 2.74 0.76 9.0 2.08 7.34 15.3 15.3 2.1 2.0 24 10.0 220 0.4

A13a 0.86 0.85 5.0 0.73 8.82 6.4

A13b 0.85 0.85 5.0 0.73 8.82 6.4

A14 13.90 0.56 15.8 7.85 5.76 45.2 45.2 7.9 1.5 30 11.6 25

5A 15.8 11.39 5.76 65.6 65.6 11.4 1.0 42 11.1 1385 2.1

OS7b OS7b 6.56 0.50 22.7 3.31 4.78 15.8 15.8 3.3 2.0 24 10.1 700 1.2

OS8 OS8 5.68 0.51 21.3 2.89 4.95 14.3 14.3 2.9 3.0 18 11.3 555 0.8

6A A8 12.71 0.65 11.9 8.29 6.56 54.4 23.8 14.49 4.65 67.4 67.4 14.5 1.0 42 11.2 440 0.7

7A 24.5 25.88 4.58 118.5 118.5 25.9 0.5 48 9.4 455 0.8

A9a 4.31 0.82 9.3 3.53 7.23 25.5

A9b 6.79 0.65 13.8 4.42 6.13 27.1

8A 25.3 33.83 4.50 152.2 152.2 33.8 0.5 66 10.6 50

9A A7 5.38 0.71 11.4 3.82 6.66 25.4 25.4 3.8 2.0 24 11.3 300 0.4

A6a 5.03 0.79 14.9 3.96 5.93 23.5

A6b 2.82 0.83 5.0 2.35 8.82 20.7 20.7 2.4 2.5 24 11.7 100 0.1
9.7 1.59 3.5439 3.8 1070 4.7

A6c A6c 2.24 0.71 13.8 1.59 6.13 9.7

10A 18.6 7.90 5.31 41.9 41.9 7.9 1.0 30 9.5 50

11A 25.3 41.73 4.50 187.8 187.8 41.7 0.5 66 11.1 565 0.8
20.7 3.4 7.718 5.6 1000 3.0

OS7a OS7a 6.75 0.50 14.0 3.40 6.09 20.7

A6d A6d 10.83 0.71 15.4 7.69 5.83 44.8 17.0 11.09 5.55 61.5 61.5 11.1 1.0 42 11.0 950 1.4

A5 A5 8.14 0.79 7.6 6.44 7.78 50.1

12A 18.5 17.53 5.33 93.4 93.4 17.5 1.0 42 11.9 225 0.3

A3c 1.23 0.79 7.7 0.97 7.74 7.5 7.5 1.0 4.0 18 10.9 50

13A 18.5 18.50 5.33 98.6 98.6 18.5 0.5 42 10.3 960 1.6

14A A4 6.96 0.81 9.7 5.60 7.12 39.9 39.9 5.6 1.5 42 11.4 250 0.4

15A 20.0 24.10 5.11 123.2 123.2 24.1 0.5 48 9.8 165 0.3
12.4 1.61 5.3714 4.6 70 0.3

A3a A3a 2.04 0.79 7.9 1.61 7.69 12.4

A3b 8.57 0.71 17.3 6.06 5.50 33.3

16A 20.3 31.77 5.07 161.1 161.1 31.8 0.5 42 16.8 50

17A 26.1 73.50 4.42 324.9 324.9 73.5 0.5 72 11.5 215 0.3

A2a 1.40 0.66 8.1 0.93 7.62 7.1

A2b 2.68 0.74 8.8 1.99 7.38 14.7

18A 26.4 76.42 4.39 335.5 335.5 76.4 0.5 72 11.9 1265 1.8

19A A1 6.58 0.55 27.6 3.65 4.28 15.6 15.6 3.7 2.0 24 10.1 280 0.5

A0 3.10 0.76 7.0 2.34 8.00 18.7
Per UD-Detention 6'x6' RCBC

28.2 109.82 4.23 464.5 413.3 0.5 81.24 13.1 89%  = Outfall % of Pond Inflow (cfs)

STORM DRAINAGE SYSTEM DESIGN
STANDARD FORM SF-3

7/13/20

15950.00

TOTAL RUNOFFDIRECT RUNOFF

(RATIONAL METHOD PROCEDURE)

STREET TRAVEL TIME

Pond
Inflow/Outfall

Overall Pond A Inflow
0A

De
sig

n 
Po

in
t

EURV POND A

Southwest Storm
Line

PIPE

Northeast Storm
Line
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Project Name: Phase II Drainage Report Notes:
Subdivision: Ridgegate Project No.: Street and Pipe C*A values are determined by Q/i using

Location: Lone Tree Calculated By: KAU
Design Storm: 100-Year 1-hr Precipitation (in): 2.60 Date:
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STORM DRAINAGE SYSTEM DESIGN
STANDARD FORM SF-3

7/13/20

15950.00

TOTAL RUNOFFDIRECT RUNOFF

(RATIONAL METHOD PROCEDURE)

STREET TRAVEL TIME
De

sig
n 

Po
in

t

EURV POND A

PIPE

6.0 0.91 4.6429 4.3 560 2.2
OS2b OS2b 1.81 0.50 11.8 0.91 6.56 6.0

B5d B5d 3.76 0.71 8.0 2.67 7.65 20.4 14.0 3.58 6.09 21.8 20.4 2.7 2.0 24 10.8 950 1.5

B5a B5a 5.60 0.68 18.1 3.80 5.38 20.4 20.4 3.8 2.0 24 10.8 50

B5c B5c 3.83 0.69 14.5 2.64 5.99 15.8 15.8 2.6 2.0 24 10.1 50

1B 18.1 10.02 5.38 53.9 53.9 10.0 1.0 30 11.0 260 0.4

2B B5b 5.20 0.78 13.0 4.05 6.31 25.6 18.5 14.07 5.33 75.0 75.0 14.1 1.0 36 10.6 230 0.4

OS3 OS3 72.31 0.50 52.4 36.29 2.88 104.5 104.5 36.3 0.5 42 10.9 480 0.7

OS4a OS4a 3.10 0.46 20.8 1.43 5.01 7.2

3B 53.1 37.72 2.85 107.5 107.5 37.7 0.5 48 9.2 50

4B 53.1 43.49 2.85 123.9 123.9 43.5 0.5 48 9.9 750 1.3
9.4 1.53 4.1556 4.1 900 3.7

OS4b OS4b 3.04 0.50 13.6 1.53 6.17 9.4

B2 B2 8.15 0.71 8.8 5.77 7.39 42.6 17.3 7.30 5.50 40.2 40.2 7.3 1.0 30 9.5 50

5B 54.4 50.79 2.81 142.7 142.7 50.8 0.5 54 10.0 750 1.3
5.9 0.96 3.5067 3.7 600 2.7

OS5a OS5a 1.90 0.50 13.8 0.96 6.14 5.9

OS5c OS5c 2.48 0.50 16.6 1.25 5.63 7.0 7.0 1.3 3.0 18 9.6 50

OS5b OS5b 59.27 0.50 39.4 29.87 3.45 103.1 103.1 29.9 0.5 42 10.7 50
3.5 0.56 1.6083 2.5 360 2.4

OS5d OS5d 1.11 0.50 13.5 0.56 6.19 3.5

B4 B4 4.08 0.70 12.6 2.85 6.39 18.2 15.9 3.41 5.75 19.6 19.6 3.4 2.0 24 10.7 80

6B 39.4 35.49 3.45 122.4 122.4 35.5 0.5 48 9.8 450 0.8

7B 55.7 86.28 2.76 238.1 238.1 86.3 0.5 66 11.4 750 1.1

B1d 2.85 0.71 6.3 2.04 8.27 16.9 16.9 2.0 2.5 18 10.7 50

B1e 6.28 0.69 14.5 4.35 5.99 26.1 26.1 4.4 1.5 24 10.0 185 0.3
6'x5' RCBC

8B B1b 7.61 0.70 13.8 5.36 6.13 32.9 56.7 98.03 2.73 267.6 267.6 98.0 0.5 74.16 12.1 100

OS6b OS6b 23.13 0.50 23.1 11.66 4.73 55.2 55.2 11.7 1.0 36 10.6 185 0.3
15.3 2.44 1.2391 2.2 1150 8.6

OS6a OS6a 4.84 0.50 13.3 2.44 6.25 15.3

9B B6b 2.38 0.71 14.3 1.69 6.03 10.2 23.4 15.79 4.70 74.2 74.2 15.8 1.0 42 11.4 150 0.2

10B B6a 3.65 0.71 13.1 2.59 6.29 16.3 23.6 18.38 4.68 86.0 86.0 18.4 1.0 42 11.8 115 0.2

11B B3b 1.68 0.70 13.7 1.18 6.15 7.3 23.8 19.56 4.66 91.1 91.1 19.6 1.0 42 11.9 150 0.2
15.3 2.34 2.32 3.0 275 1.5

B1g B1g 3.31 0.71 11.9 2.34 6.54 15.3

12B B3a 7.64 0.72 14.7 5.51 5.97 32.9 24.0 27.41 4.64 127.2 127.2 27.4 0.5 60 10.1 225 0.4

B1f 1.76 0.79 8.1 1.39 7.61 10.6 10.6 1.4 3.0 18 10.7 50

13B 24.4 28.80 4.60 132.5 132.5 28.8 0.5 60 10.2 870 1.4

B1a 5.62 0.71 15.3 4.00 5.85 23.4

B1c 2.71 0.83 9.3 2.25 7.22 16.2
6'x6' RCBC

14B 25.8 35.05 4.45 156.0 156.0 35.1 0.5 81.24 10.7 100
7'x6' RCBC

15B 56.7 133.08 2.73 363.3 363.3 133.1 0.5 87.75 13.2 500 0.6

16B B7 4.23 0.71 6.7 3.01 8.11 24.4 24.4 3.0 1.5 30 10.2 100

B0 2.64 0.76 6.1 2.01 8.34 16.8
Per UD-Detention 6'x6' RCBC

57.4 138.10 2.71 374.3 371.4 0.5 81.24 13.0 99%  = Outfall % of Pond Inflow (cfs)

34.2 5.47 7.1564 5.4 275 0.9
OS1 OS1 10.85 0.50 13.3 5.47 6.25 34.2

OS2a OS2a 39.42 0.50 40.6 19.87 3.39 67.4 67.4 19.9 1.0 36 10.8 1190 1.8

C1a 2.43 0.82 7.4 1.99 7.86 15.6

1C 42.4 27.33 1.81 49.5 49.5 27.3 1.0 48 10.4 157 0.3

2C C1b 5.39 0.67 13.6 3.63 6.18 22.4 22.4 3.6 2.0 24 11.0 385 0.6

C0 1.74 0.67 10.3 1.17 6.96 8.1
Per UD-Detention

42.7 28.50 3.29 93.8 83.2 0.5 42 8.7 89%  = Outfall % of Pond Inflow (cfs)

1D D2 13.34 0.56 23.3 7.50 4.71 35.3 35.3 7.5 1.5 30 11.1 840 1.3

2D D1 8.23 0.58 17.7 4.80 5.44 26.1

D0 1.21 0.76 5.0 0.92 8.82 8.1
Per UD-Detention

24.6 13.22 4.57 60.4 59.9 0.5 30 12.2 99%  = Outfall % of Pond Inflow (cfs)Overall Pond D Inflow
0D

Overall Pond C Inflow

Park Flows

EURV POND D

EURV POND C

Pond
Inflow/Outfall

0C

0B

North Storm Line

Pond
Inflow/Outfall

Combined Lines

EURV POND B

Pond
Inflow/Outfall

Southern Storm
Line

Southwest Storm
Line

Overall Pond B Inflow

Northeast Storm
Line
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Project Name: Phase II Drainage Report Notes:
Subdivision: Ridgegate Project No.: Street and Pipe C*A values are determined by Q/i using

Location: Lone Tree Calculated By: KAU
Design Storm: 100-Year 1-hr Precipitation (in): 2.60 Date:
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STORM DRAINAGE SYSTEM DESIGN
STANDARD FORM SF-3

7/13/20

15950.00

TOTAL RUNOFFDIRECT RUNOFF

(RATIONAL METHOD PROCEDURE)

STREET TRAVEL TIME
De

sig
n 

Po
in

t

EURV POND A

PIPE

1R R1 4.45 0.80 8.9 3.56 7.35 26.2 26.2 3.6 2.0 24 11.3 175 0.3

2R R3 14.66 0.57 20.9 8.34 5.00 41.7

3R RC6a 0.75 0.85 5.1 0.64 8.76 5.6 5.6 0.6 4.0 18 10.0 350 0.6

R2a 1.87 0.77 5.0 1.44 8.82 12.7

R2b 1.18 0.79 6.0 0.93 8.37 7.8
16.8 2.47 2.3 3.0 250 1.4

R2c R2c 3.13 0.79 10.8 2.47 6.82 16.8

4R 12.2 4.84 6.48 31.4 31.4 4.8 1.5 30 10.8 75 0.1

5R 12.3 5.48 6.46 35.4 35.4 5.5 1.5 30 11.1 540 0.8

R6b RC6b 2.29 0.79 6.8 1.81 8.06 14.6 14.6 1.8 2.0 24 9.9 425 0.7

6R RC6c 1.45 0.85 6.5 1.24 8.17 10.1 7.5 3.05 7.80 23.8 10.1 1.2 3.0 30 10.2 165 0.3

7R 13.1 8.53 6.28 53.6 53.6 8.5 1.0 36 10.5 300 0.5

8R RC6d 0.66 0.79 6.2 0.52 8.31 4.3 13.6 9.05 6.18 55.9 55.9 9.1 1.0 36 10.6 140 0.2

9R RC6e 0.36 0.79 6.2 0.28 8.31 2.3 13.8 9.33 6.13 57.2 57.2 9.3 1.0 36 10.6 192 0.3

10R RC6f 3.47 0.74 8.4 2.55 7.51 19.2 14.1 11.88 6.07 72.1 72.1 11.9 1.0 36 10.2 300 0.5
1.5

RC4 0.28 0.73 8.2 0.21 7.59 1.6 Does not exceed Ridgegate Drainage Report Inflows
86.3

RC4 14.6 12.09 5.98 72.3 Does not exceed Ridgegate Drainage Report Inflows
89.1

RC3 RC3 1.10 0.70 12.2 0.77 6.49 5.0 14.6 12.86 5.98 76.9 Does not exceed Ridgegate Drainage Report Inflows

R8b RB8b 2.62 0.52 11.5 1.38 6.64 9.2

RC7 RC7 9.32 0.83 6.7 7.75 8.12 62.9
80.4

RC2 RC2 3.27 0.61 14.0 2.00 6.09 12.2 14.0 11.13 6.09 67.8 Does not exceed Ridgegate Drainage Report Inflows
160.0

RC1 RC1 2.33 0.61 9.1 1.42 7.30 10.4 14.6 25.41 5.98 152.0 Does not exceed Ridgegate Drainage Report Inflows

R8a RB8a 7.82 0.79 5.0 6.19 8.82 54.6
79.1

RB1 RB5 1.96 0.67 7.4 1.31 7.86 10.3 11.5 8.88 6.64 59.0 Does not exceed Ridgegate Drainage Report Inflows
219.2

RB2 RB6 1.34 0.70 6.0 0.94 8.38 7.9 14.6 35.23 5.98 210.7 Does not exceed Ridgegate Drainage Report Inflows
5.9

RB3 RB3 0.28 0.73 6.7 0.20 8.11 1.6
225.9

RB4 RB4 1.00 0.69 7.0 0.69 7.98 5.5 14.6 36.12 5.98 216.0 Does not exceed Ridgegate Drainage Report Inflows
2.0

RB2 0.63 0.81 6.4 0.51 8.21 4.2
10.3

RB5 RB1 0.87 0.75 7.6 0.65 7.78 5.1 7.6 1.16 7.78 9.0 Does not exceed Ridgegate Drainage Report Inflows
234.3

RB6 14.6 37.28 5.98 222.9 Does not exceed Ridgegate Drainage Report Inflows

R0 2.95 0.75 5.9 2.22 8.43 18.7
Per UD-Detention

20.9 51.40 5.00 257.0 227.2 0.5 60 11.6 88%  = Outfall % of Pond Inflow (cfs)

E7 E7 1.64 0.78 5.0 1.28 8.82 11.3

E8 E8 3.84 0.70 8.3 2.68 7.53 20.2

1E E5 0.45 0.85 5.0 0.38 8.82 3.4 8.3 4.34 7.53 32.7 32.7 4.3 2.0 24 11.6 350 0.5

2E 8.8 4.72 7.37 34.8 34.8 4.7 2.0 24 11.1 290 0.4

2E E6 3.68 0.70 7.8 2.56 7.73 19.8 8.8 6.90 7.37 50.9 50.9 6.9 1.0 42 10.5 925 1.5

E4 E4 4.77 0.69 10.5 3.31 6.90 22.8 22.8 3.3 2.0 24 11.1 50

3E 10.5 10.21 6.90 70.4 70.4 10.2 1.0 36 10.7 525 0.8

4E E3 3.99 0.70 8.7 2.81 7.41 20.8 11.3 13.02 6.69 87.1 87.1 13.0 1.0 42 11.8 900 1.3

E2a 2.80 0.85 11.1 2.38 6.74 16.0
26.1 4.77 2.7259 3.3 850 4.3

E2b E2b 6.80 0.70 17.5 4.77 5.48 26.1

E2c 1.36 0.85 6.4 1.15 8.22 9.5

5E 21.8 8.30 4.89 40.6 40.6 8.3 1.5 30 11.3 50

E1 E1 6.91 0.55 22.6 3.81 4.79 18.2

E0 1.70 0.75 5.8 1.27 8.45 10.7
Per UD-Detention

22.6 26.40 4.79 126.5 120.0 0.5 36 17.0 95%  = Outfall % of Pond Inflow (cfs)

Future Site

West Storm Line
Connection

Park Storm Line
Connection

East Storm Line
Connection

Existing Utility
Easement

Per Ridgegate Drainage Report (DP B2)

Overall Pond R Inflow

Per Ridgegate Drainage Report (DP C3)

Per Ridgegate Drainage Report (DP C1)

Per Ridgegate Drainage Report (Basin B2)

Per Ridgegate Drainage Report (DP B4)

Eastern Storm
Line

0E

Park

Overall Pond E Inflow

Combined Storm
Line

Per Ridgegate Drainage Report (DP C2)

Per Ridgegate Drainage Report (DP B1)

Per Ridgegate Drainage Report (DP B5)

Per Ridgegate Drainage Report (DP C4)

EURV POND R

0R

Pond
Inflow/Outfall

EURV POND E

Existing
Ridgegate Storm

Line

Per Ridgegate Drainage Report (Basin B3)

Existing
Ridgegate Storm

Line

Per Ridgegate Drainage Report (Basin C4)

Existing
Ridgegate Storm

Line

Per Ridgegate Drainage Report (DP B6)

Pond
Inflow/Outfall

Southern Storm
Line
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Project Name: Phase II Drainage Report Notes:
Subdivision: Ridgegate Project No.: Street and Pipe C*A values are determined by Q/i using

Location: Lone Tree Calculated By: KAU
Design Storm: 100-Year 1-hr Precipitation (in): 2.60 Date:
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REMARKS

STORM DRAINAGE SYSTEM DESIGN
STANDARD FORM SF-3

7/13/20

15950.00

TOTAL RUNOFFDIRECT RUNOFF

(RATIONAL METHOD PROCEDURE)

STREET TRAVEL TIME
De

sig
n 

Po
in

t

EURV POND A

PIPE

F5 F5 5.38 0.62 7.8 3.32 7.70 25.6 25.6 3.3 1.5 24 10.0 50
63.178 12.1 4.9 4.4 890 3.4

OS9 OS9 25.01 0.48 19.2 12.08 5.23 63.2

F8 F8 1.20 0.85 5.9 1.02 8.40 8.6 22.5 13.10 4.80 62.9 62.9 13.1 1.0 36 10.7 50

1F 22.5 16.42 4.80 78.8 78.8 16.4 1.0 36 11.2 600 0.9

F7 F7 5.41 0.68 7.0 3.70 7.98 29.5 29.5 3.7 2.0 30 11.8 50

2F F1 11.50 0.69 14.7 7.97 5.96 47.5 14.7 11.67 5.96 69.6 69.6 11.7 1.0 48 11.4 60

3F 23.4 28.09 4.70 132.0 132.0 28.1 0.5 48 10.5 750 1.2

F6 F6 6.69 0.71 11.4 4.73 6.68 31.6 31.6 4.7 1.5 30 10.8 50

4F F4 3.02 0.58 13.7 1.76 6.16 10.8 13.7 6.49 6.16 40.0 40.0 6.5 1.5 30 11.3 600 0.9

5F F3 6.07 0.71 8.9 4.31 7.36 31.7 14.6 10.80 5.98 64.6 64.6 6.0 1.0 36 10.7 300 0.5

6F 24.6 38.89 4.57 177.7 177.7 4.6 0.5 54 11.2 225 0.3

7F F2 7.82 0.69 11.6 5.37 6.61 35.5 24.9 44.26 4.54 200.9 200.9 4.5 0.5 60 10.2 200 0.3

F0 2.53 0.82 5.1 2.08 8.77 18.2
Per UD-Detention

25.3 46.34 4.50 208.5 199.4 0.5 66 11.2 96%  = Outfall % of Pond Inflow (cfs)

R6 RE2b 2.53 0.79 5.6 2.00 8.55 17.1 17.1 2.0 5.0 24 14.3 250 0.3

R7 RE2a 5.16 0.79 10.5 4.08 6.89 28.1 10.5 6.08 6.89 41.9 41.9 6.1 3.0 30 15.1 228 0.3
45.2

RE1 RE1 3.00 0.73 18.2 2.20 5.36 11.8 18.2 8.28 5.36 44.4 Does not exceed Ridgegate Drainage Report Inflows
40.6

RE2 RE3 1.58 0.71 11.7 1.11 6.60 7.3 Does not exceed Ridgegate Drainage Report Inflows
23.6

RE3 RE4 4.09 0.79 9.4 3.21 7.20 23.1 Does not exceed Ridgegate Drainage Report Inflows
67.3

RE4 18.2 12.60 5.36 67.5 Increased Flow (cfs) = 0.2
47.3

RE5 RE5 4.01 0.78 9.6 3.12 7.16 22.3 Does not exceed Ridgegate Drainage Report Inflows
102.9

18.2 15.72 5.36 84.3 Does not exceed Ridgegate Drainage Report Inflows

OF1 OF1 2.28 0.85 7.8 1.94 7.70 14.9

OF2 OF2 0.65 0.85 5.0 0.55 8.82 4.9

OF3 OF3 1.38 0.60 5.5 0.83 8.62 7.2

OF4 OF4 0.57 0.67 5.0 0.38 8.82 3.4

OF5 OF5 0.87 0.62 5.2 0.54 8.74 4.7

OF6 OF6 0.33 0.67 5.0 0.22 8.82 1.9

OF7 OF7 1.40 0.64 5.0 0.89 8.82 7.8

OF8 OF8 1.33 0.64 5.0 0.85 8.82 7.5

Into Happy
Canyon

Overall Ex Pond E Inflow
Per Ridgegate Drainage Report (DP E2)

Per Ridgegate Drainage Report (Basin E5-F)

Per Ridgegate Drainage Report (DP E2)

Per Ridgegate Drainage Report (Basin E4-F)

Per Ridgegate Drainage Report (Basin E2-F)

Pond
Inflow/Outfall

EX WQ POND E

Per Ridgegate Drainage Report (DP E1)

Existing
Ridgegate Storm

Line

0F

EURV POND F

Into Badger Gulch

Southern Storm
Line

Northern Storm
Line

Combined Storm
Line

Into Happy
Canyon

Into Happy
Canyon

Into Happy
Canyon

Into Badger Gulch

OFFSITE

Near Badger
Gulch

Near Happy
Canyon

Overall Pond F Inflow

Pond
Inflow/Outfall

Discharge to
Pond

Storm Line
Connection
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APPENDIX D

POND CALCULATIONS



Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 36,062 0.828

Selected BMP Type = EDB 5974 -- 1.00 -- -- -- 38,871 0.892 37,466 0.860

Watershed Area = 165.5 acres 5975 -- 2.00 -- -- -- 41,761 0.959 77,782 1.786

Watershed Length = 4,500 ft 5976 -- 3.00 -- -- -- 44,731 1.027 121,028 2.778

Watershed Length to Centroid = 2,200 ft 5977 -- 4.00 -- -- -- 47,782 1.097 167,285 3.840

Watershed Slope = 0.06 ft/ft 5978 -- 5.00 -- -- -- 50,912 1.169 216,632 4.973

Watershed Imperviousness = 50% percent 5979 -- 6.00 -- -- -- 54,124 1.243 269,150 6.179

Percentage Hydrologic Soil Group A = 0.0% percent 5980 -- 7.00 -- -- -- 57,415 1.318 324,919 7.459

Percentage Hydrologic Soil Group B = 4.0% percent 5981 -- 8.00 -- -- -- 60,787 1.395 384,020 8.816

Percentage Hydrologic Soil Groups C/D = 96.0% percent 5982 -- 9.00 -- -- -- 64,240 1.475 446,534 10.251

Target WQCV Drain Time = 40.0 hours 5983 -- 10.00 -- -- -- 67,773 1.556 512,540 11.766

Location for 1-hr Rainfall Depths = Lone Tree - Municipal Court 5984 -- 11.00 -- -- -- 71,386 1.639 582,120 13.364

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 2.845 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 7.869 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.06 in.) = 7.494 acre-feet 1.06 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.43 in.) = 12.118 acre-feet 1.43 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.66 in.) = 15.236 acre-feet 1.66 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.68 in.) = 16.044 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 24.262 acre-feet 2.26 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.6 in.) = 29.672 acre-feet 2.60 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.07 in.) = 36.525 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 6.147 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 9.771 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 11.148 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 10.687 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 13.244 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 15.465 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 2.845 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 5.025 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 7.869 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional
Override

Area (ft 2)
Length

(ft)

Optional
Override
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area
(ft 2)

Width
(ft)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT

EURV POND A

MHFD-Detention, Version 4.03 (May 2020)

Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

Total detention
volume is less than
100-year volume.

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

Pond A_MHFD-Detention_v4 03.xlsm, Basin 7/9/2020, 11:34 AM



1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP
1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

3.07 Zone 1 (WQCV) 3.07 Zone 1 (WQCV)

7.31 Zone 2 (EURV) 7.31 Zone 2 (EURV)

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:
  Basin ID:

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 3.07 2.845 Orifice Plate

Zone 2 (EURV) 7.31 5.025 Circular Orifice

Zone 3 Weir&Pipe (Rect.)

Total (all zones) 7.869

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain
Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A 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 Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 3.03 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 12.10 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 (required) 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) 0.00

Orifice Area (sq. inches) 25.00

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) Calculated Parameters for Vertical Orifice
Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area =
Depth at top of Zone using Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid =

Vertical Orifice Diameter = inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 7.31 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 7.31 N/A
Overflow Weir Front Edge Length = 50.00 N/A feet Overflow Weir Slope Length = 6.00 N/A

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 5.83 N/A
Horiz. Length of Weir Sides = 6.00 N/A feet Overflow Grate Open Area w/o Debris = 210.00 N/A

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 105.00 N/A
Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Rectangular Not Selected Zone 3 Rectangular Not Selected

Depth to Invert of Outlet Pipe = 0.54 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 36.00 N/A
Rectangular Orifice Width = 72.00 N/A inches Outlet Orifice Centroid = 3.00 N/A
Rectangular Orifice Height = 72.00 inches Half-Central Angle of Restrictor Plate on Pipe = N/A N/A

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 9.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet
Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 7.31 feet Discharge at Top of Freeboard = cfs
Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
One-Hour Rainfall Depth (in) = N/A N/A 1.06 1.43 1.66 1.68 2.26 2.60

CUHP Runoff Volume (acre-ft) = 2.845 7.869 7.494 12.118 15.236 16.044 24.262 29.672
Inflow Hydrograph Volume (acre-ft) = N/A N/A 7.494 12.118 15.236 16.044 24.262 29.672
CUHP Predevelopment Peak Q (cfs) = N/A N/A 16.2 61.7 87.1 109.3 192.3 249.3

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.10 0.37 0.53 0.66 1.16 1.51

Peak Inflow Q (cfs) = N/A N/A 116.5 192.6 236.8 258.5 391.5 473.0
Peak Outflow Q (cfs) = 1.5 2.3 2.2 66.9 113.3 159.6 321.0 413.3

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.1 1.3 1.5 1.7 1.7
Structure Controlling Flow = Plate Overflow Weir 1 Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.3 0.5 0.7 1.5 2.0
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 65 64 65 63 62 58 56
Time to Drain 99% of Inflow Volume (hours) = 41 70 69 71 70 70 68 66

Maximum Ponding Depth (ft) = 3.07 7.31 6.75 7.73 7.91 8.06 8.51 8.74
Area at Maximum Ponding Depth (acres) = 1.03 1.34 1.30 1.37 1.39 1.40 1.44 1.45

Maximum Volume Stored (acre-ft) = 2.850 7.871 7.119 8.428 8.677 8.900 9.538 9.856

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.03 (May 2020)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT
EURV POND A

Example Zone Configuration (Retention Pond)

Pond A_MHFD-Detention_v4 03.xlsm, Outlet Structure 7/9/2020, 11:35 AM



Calculated Parameters for Vertical Orifice

ft2

feet

Calculated Parameters for Overflow Weir

feet
feet

ft2

ft2

Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

ft2

feet
radians

500 Year
3.07

36.525
36.525
317.8

1.92
579.9
459.5
1.4

Outlet Plate 1
2.2
N/A
53
65

9.49
1.51

10.968

Pond A_MHFD-Detention_v4 03.xlsm, Outlet Structure 7/9/2020, 11:35 AM



COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 3 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 308 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 676 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 732 Shape 2.81

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 774

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 792 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 807

WQ Plate Flow at 100yr depth = 2.47 0.97(diameter = 1-1/8 inches) 50 Year 852

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 875 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 950 0 Z2_Boolean

Cdo #1 = 1.07 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = #VALUE! 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset
Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 10.00 480,000 460

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.00 (December 2019)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs
The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

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 1.09 0.51 2.94
0:15:00 0.00 0.00 6.64 13.48 16.69 8.25 15.98 16.09 22.17
0:20:00 0.00 0.00 30.35 46.69 57.71 28.26 43.79 48.17 62.79
0:25:00 0.00 0.00 77.54 130.00 165.28 69.43 111.71 131.03 174.91
0:30:00 0.00 0.00 113.80 192.56 236.83 183.45 289.03 338.39 424.75

0:35:00 0.00 0.00 116.49 190.94 229.47 256.62 391.48 473.00 579.87
0:40:00 0.00 0.00 104.91 167.10 200.72 258.48 386.29 472.67 576.33

0:45:00 0.00 0.00 89.95 143.81 174.68 234.46 348.36 433.09 527.29
0:50:00 0.00 0.00 75.65 124.23 150.30 209.10 310.38 388.84 473.17

0:55:00 0.00 0.00 64.14 105.31 128.04 180.66 268.50 340.84 414.61

1:00:00 0.00 0.00 55.48 89.75 112.06 151.44 226.07 296.14 360.69
1:05:00 0.00 0.00 49.58 79.47 101.70 130.37 196.13 264.53 322.80
1:10:00 0.00 0.00 43.33 71.39 93.22 111.90 169.74 226.81 277.54

1:15:00 0.00 0.00 36.87 62.41 84.99 94.84 145.04 187.13 229.89

1:20:00 0.00 0.00 31.06 52.36 73.41 78.33 119.68 149.20 183.42
1:25:00 0.00 0.00 25.88 43.24 59.43 62.96 95.47 114.20 140.13
1:30:00 0.00 0.00 21.90 36.44 48.14 48.76 73.42 84.98 104.38
1:35:00 0.00 0.00 19.66 32.80 41.60 37.45 56.51 63.68 78.70
1:40:00 0.00 0.00 18.62 29.29 37.48 30.84 46.57 51.02 63.30
1:45:00 0.00 0.00 18.04 25.94 34.53 26.69 40.16 42.86 53.28
1:50:00 0.00 0.00 17.70 23.56 32.46 23.98 35.89 37.21 46.33

1:55:00 0.00 0.00 16.09 21.80 30.38 22.12 32.94 33.24 41.44
2:00:00 0.00 0.00 14.09 20.10 27.40 20.93 30.95 30.41 37.92
2:05:00 0.00 0.00 11.28 16.22 21.78 17.07 25.11 24.17 30.14
2:10:00 0.00 0.00 8.40 11.94 15.93 12.48 18.26 17.39 21.67
2:15:00 0.00 0.00 6.26 8.81 11.61 9.18 13.35 12.75 15.85
2:20:00 0.00 0.00 4.61 6.45 8.43 6.73 9.75 9.38 11.65
2:25:00 0.00 0.00 3.36 4.63 6.09 4.88 7.05 6.85 8.50

2:30:00 0.00 0.00 2.40 3.23 4.35 3.47 5.00 4.88 6.05
2:35:00 0.00 0.00 1.67 2.24 3.08 2.48 3.57 3.49 4.33
2:40:00 0.00 0.00 1.12 1.53 2.10 1.74 2.50 2.43 3.01
2:45:00 0.00 0.00 0.68 0.98 1.31 1.13 1.61 1.57 1.93
2:50:00 0.00 0.00 0.36 0.56 0.71 0.65 0.92 0.89 1.09
2:55:00 0.00 0.00 0.15 0.26 0.31 0.30 0.42 0.40 0.49
3:00:00 0.00 0.00 0.05 0.07 0.08 0.09 0.11 0.11 0.13
3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume Total
Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 36,062 0.828 0 0.000 0.00

0.50 37,467 0.860 18,382 0.422 0.59

1.00 38,871 0.892 37,466 0.860 0.84

1.50 40,316 0.926 57,263 1.315 1.02

2.00 41,761 0.959 77,782 1.786 1.18

2.50 43,246 0.993 99,034 2.274 1.32

3.00 44,731 1.027 121,028 2.778 1.45

3.50 46,256 1.062 143,775 3.301 1.56

4.00 47,782 1.097 167,285 3.840 1.67

4.50 49,347 1.133 191,567 4.398 1.77

5.00 50,912 1.169 216,632 4.973 1.87

5.50 52,518 1.206 242,489 5.567 1.96

6.00 54,124 1.243 269,150 6.179 2.05

6.50 55,769 1.280 296,623 6.810 2.13

7.00 57,415 1.318 324,919 7.459 2.21

7.50 59,101 1.357 354,048 8.128 22.29

8.00 60,787 1.395 384,020 8.816 140.78

8.50 62,513 1.435 414,846 9.524 315.93

9.00 64,240 1.475 446,534 10.251 443.29

9.50 66,006 1.515 479,096 10.999 459.92

10.00 67,773 1.556 512,540 11.766 475.97

10.50 69,579 1.597 546,879 12.555 491.50

11.00 71,386 1.639 582,120 13.364 506.55

MHFD-Detention, Version 4.03 (May 2020)

5976.00

5976.50

5977.00

5977.50

5978.00

5978.50

5979.00

5979.50

5980.00

5980.50

5975.50

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

5973

5973.50

5974.00

5974.50

5975.00

5981.50

5982.00

5982.50

5983.00

5981.00

5983.50

5984.00

For best results, include the
stages of all grade slope
changes (e.g. ISV and Floor)
from the S-A-V table on
Sheet 'Basin'.

Also include the inverts of all
outlets (e.g. vertical orifice,
overflow grate, and spillway,
where applicable).
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 25,014 0.574

Selected BMP Type = EDB 6060 -- 1.00 -- -- -- 26,992 0.620 26,003 0.597

Watershed Area = 256.0 acres 6061 -- 2.00 -- -- -- 29,029 0.666 54,013 1.240

Watershed Length = 5,800 ft 6062 -- 3.00 -- -- -- 31,127 0.715 84,091 1.930

Watershed Length to Centroid = 3,300 ft 6063 -- 4.00 -- -- -- 33,286 0.764 116,298 2.670

Watershed Slope = 0.05 ft/ft 6064 -- 5.00 -- -- -- 35,504 0.815 150,693 3.459

Watershed Imperviousness = 22% percent 6065 -- 6.00 -- -- -- 37,783 0.867 187,336 4.301

Percentage Hydrologic Soil Group A = 0.0% percent 6066 -- 7.00 -- -- -- 40,122 0.921 226,289 5.195

Percentage Hydrologic Soil Group B = 10.0% percent 6067 -- 8.00 -- -- -- 42,522 0.976 267,611 6.144

Percentage Hydrologic Soil Groups C/D = 90.0% percent 6068 -- 9.00 -- -- -- 44,982 1.033 311,363 7.148

Target WQCV Drain Time = 40.0 hours 6069 -- 10.00 -- -- -- 47,502 1.090 357,605 8.209

Location for 1-hr Rainfall Depths = Lone Tree - Municipal Court 6070 -- 11.00 -- -- -- 50,083 1.150 406,397 9.330

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 2.672 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 5.154 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.06 in.) = 5.493 acre-feet 1.06 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.43 in.) = 11.748 acre-feet 1.43 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.66 in.) = 16.307 acre-feet 1.66 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.68 in.) = 18.095 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 30.308 acre-feet 2.26 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.6 in.) = 38.980 acre-feet 2.60 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.07 in.) = 49.343 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 3.803 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 7.219 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 8.751 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 8.968 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 11.243 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 14.621 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 2.672 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 2.482 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 5.154 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional
Override

Area (ft 2)
Length

(ft)

Optional
Override
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area
(ft 2)

Width
(ft)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT

EURV POND B

MHFD-Detention, Version 4.03 (May 2020)

Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

Total detention
volume is less than
100-year volume.

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP
1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

4.01 Zone 1 (WQCV) 4.01 Zone 1 (WQCV)

6.96 Zone 2 (EURV) 6.96 Zone 2 (EURV)

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:
  Basin ID:

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 4.01 2.672 Orifice Plate

Zone 2 (EURV) 6.96 2.482 Circular Orifice

Zone 3 Weir&Pipe (Rect.)

Total (all zones) 5.154

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain
Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A 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 Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 3.03 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 12.10 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 (required) 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) 0.00

Orifice Area (sq. inches) 21.00

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) Calculated Parameters for Vertical Orifice
Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area =
Depth at top of Zone using Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid =

Vertical Orifice Diameter = inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 6.96 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 6.96 N/A
Overflow Weir Front Edge Length = 44.00 N/A feet Overflow Weir Slope Length = 6.00 N/A

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 6.16 N/A
Horiz. Length of Weir Sides = 6.00 N/A feet Overflow Grate Open Area w/o Debris = 184.80 N/A

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 92.40 N/A
Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Rectangular Not Selected Zone 3 Rectangular Not Selected

Depth to Invert of Outlet Pipe = 0.59 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 30.00 N/A
Rectangular Orifice Width = 72.00 N/A inches Outlet Orifice Centroid = 2.50 N/A
Rectangular Orifice Height = 60.00 inches Half-Central Angle of Restrictor Plate on Pipe = N/A N/A

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 9.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet
Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 6.96 feet Discharge at Top of Freeboard = cfs
Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
One-Hour Rainfall Depth (in) = N/A N/A 1.06 1.43 1.66 1.68 2.26 2.60

CUHP Runoff Volume (acre-ft) = 2.672 5.154 5.493 11.748 16.307 18.095 30.308 38.980
Inflow Hydrograph Volume (acre-ft) = N/A N/A 5.493 11.748 16.307 18.095 30.308 38.980
CUHP Predevelopment Peak Q (cfs) = N/A N/A 18.8 75.1 107.7 139.5 246.0 323.0

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.07 0.29 0.42 0.55 0.96 1.26

Peak Inflow Q (cfs) = N/A N/A 54.0 115.1 149.7 182.5 296.4 376.7
Peak Outflow Q (cfs) = 1.4 1.9 1.8 78.3 122.0 160.4 292.3 371.4

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.0 1.1 1.1 1.2 1.1
Structure Controlling Flow = Plate Overflow Weir 1 Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.4 0.7 0.9 1.6 2.0
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 37 52 55 51 48 47 41 38
Time to Drain 99% of Inflow Volume (hours) = 40 56 59 57 56 55 52 50

Maximum Ponding Depth (ft) = 4.01 6.96 6.89 7.46 7.64 7.77 8.18 8.52
Area at Maximum Ponding Depth (acres) = 0.76 0.92 0.92 0.95 0.96 0.96 0.99 1.01

Maximum Volume Stored (acre-ft) = 2.677 5.158 5.094 5.624 5.786 5.920 6.310 6.659

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.03 (May 2020)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT
EURV POND B

Example Zone Configuration (Retention Pond)
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Calculated Parameters for Vertical Orifice

ft2

feet

Calculated Parameters for Overflow Weir

feet
feet

ft2

ft2

Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

ft2

feet
radians

500 Year
3.07

49.343
49.343
411.9

1.61
471.2
415.0
1.0

Outlet Plate 1
2.2
N/A
34
48

10.16
1.10
8.385
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 3 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 402 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 690 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 697 Shape 3.02

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 747

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 765 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 778

WQ Plate Flow at 100yr depth = 2.05 0.97(diameter = 1-1/8 inches) 50 Year 819

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 853 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 1017 0 Z2_Boolean

Cdo #1 = 1.07 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = #VALUE! 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset
Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 12.00 370,000 420

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.00 (December 2019)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs
The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

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 0.10 0.05 0.27
0:15:00 0.00 0.00 0.59 1.20 1.49 0.74 1.51 1.49 2.20
0:20:00 0.00 0.00 3.13 7.14 9.44 3.07 6.13 7.43 10.57
0:25:00 0.00 0.00 14.20 34.09 48.59 12.61 25.64 34.14 52.44
0:30:00 0.00 0.00 32.34 75.59 103.23 57.76 105.92 131.44 178.47

0:35:00 0.00 0.00 46.64 104.52 137.65 118.36 204.65 253.91 327.36
0:40:00 0.00 0.00 53.24 115.08 149.67 159.67 266.15 332.58 421.17

0:45:00 0.00 0.00 54.00 114.83 149.50 178.38 292.21 368.47 463.05
0:50:00 0.00 0.00 51.06 108.65 141.36 182.50 296.35 376.74 471.22

0:55:00 0.00 0.00 47.42 101.36 132.95 175.40 284.23 365.25 457.07

1:00:00 0.00 0.00 44.27 94.41 125.63 165.48 269.96 352.04 440.80
1:05:00 0.00 0.00 41.39 87.53 118.58 155.13 254.89 338.90 424.52
1:10:00 0.00 0.00 38.48 81.34 112.48 143.86 238.28 319.64 401.20

1:15:00 0.00 0.00 35.66 76.12 108.08 132.13 221.24 296.03 373.07

1:20:00 0.00 0.00 33.08 71.28 103.01 121.84 205.48 272.36 344.14
1:25:00 0.00 0.00 30.63 66.32 96.17 112.03 189.19 248.29 313.99
1:30:00 0.00 0.00 28.25 61.35 88.45 102.39 172.80 224.90 284.43
1:35:00 0.00 0.00 25.93 56.40 80.54 92.95 156.71 203.13 256.77
1:40:00 0.00 0.00 23.64 51.18 72.76 83.71 141.00 182.09 230.03
1:45:00 0.00 0.00 21.46 45.78 65.57 74.70 125.88 162.04 204.67
1:50:00 0.00 0.00 19.70 41.40 60.26 66.23 111.91 143.78 182.07

1:55:00 0.00 0.00 18.31 38.13 56.16 59.90 101.86 130.26 165.29
2:00:00 0.00 0.00 17.04 35.31 52.24 54.94 93.76 119.32 151.57
2:05:00 0.00 0.00 15.73 32.49 48.04 50.43 86.14 109.05 138.57
2:10:00 0.00 0.00 14.34 29.57 43.64 45.94 78.37 98.97 125.71
2:15:00 0.00 0.00 12.96 26.72 39.30 41.70 70.97 89.39 113.44
2:20:00 0.00 0.00 11.65 23.98 35.15 37.64 63.86 80.33 101.83
2:25:00 0.00 0.00 10.40 21.35 31.23 33.75 57.11 71.86 90.99

2:30:00 0.00 0.00 9.22 18.85 27.54 30.09 50.80 64.07 81.00
2:35:00 0.00 0.00 8.09 16.43 24.05 26.54 44.70 56.48 71.29
2:40:00 0.00 0.00 7.00 14.09 20.75 23.07 38.80 49.07 61.86
2:45:00 0.00 0.00 5.92 11.81 17.55 19.66 33.02 41.75 52.54
2:50:00 0.00 0.00 4.87 9.58 14.42 16.31 27.33 34.51 43.32
2:55:00 0.00 0.00 3.85 7.42 11.36 13.01 21.73 27.34 34.22
3:00:00 0.00 0.00 2.88 5.41 8.51 9.77 16.26 20.37 25.44
3:05:00 0.00 0.00 2.09 3.95 6.54 6.75 11.31 14.12 17.91
3:10:00 0.00 0.00 1.59 3.08 5.28 4.73 8.29 10.19 13.09
3:15:00 0.00 0.00 1.28 2.49 4.33 3.43 6.23 7.52 9.74
3:20:00 0.00 0.00 1.06 2.04 3.57 2.57 4.77 5.53 7.23
3:25:00 0.00 0.00 0.89 1.67 2.93 1.94 3.66 4.06 5.34
3:30:00 0.00 0.00 0.73 1.37 2.37 1.51 2.85 2.94 3.90
3:35:00 0.00 0.00 0.60 1.11 1.89 1.16 2.18 2.09 2.79
3:40:00 0.00 0.00 0.49 0.88 1.47 0.90 1.66 1.50 2.02
3:45:00 0.00 0.00 0.40 0.69 1.13 0.70 1.29 1.18 1.57
3:50:00 0.00 0.00 0.33 0.53 0.86 0.55 0.99 0.92 1.22
3:55:00 0.00 0.00 0.26 0.40 0.66 0.43 0.78 0.74 0.98
4:00:00 0.00 0.00 0.20 0.29 0.50 0.33 0.60 0.58 0.76
4:05:00 0.00 0.00 0.15 0.20 0.37 0.25 0.45 0.43 0.57
4:10:00 0.00 0.00 0.10 0.14 0.26 0.18 0.32 0.31 0.40
4:15:00 0.00 0.00 0.07 0.09 0.16 0.12 0.22 0.21 0.27
4:20:00 0.00 0.00 0.04 0.05 0.09 0.08 0.13 0.12 0.16
4:25:00 0.00 0.00 0.02 0.03 0.04 0.04 0.07 0.06 0.08
4:30:00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.03
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

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume Total
Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 25,014 0.574 0 0.000 0.00

0.50 26,003 0.597 12,754 0.293 0.50

1.00 26,992 0.620 26,003 0.597 0.70

1.50 28,011 0.643 39,754 0.913 0.86

2.00 29,029 0.666 54,013 1.240 0.99

2.50 30,078 0.690 68,790 1.579 1.11

3.00 31,127 0.715 84,091 1.930 1.22

3.50 32,206 0.739 99,925 2.294 1.31

4.00 33,286 0.764 116,298 2.670 1.40

4.50 34,395 0.790 133,218 3.058 1.49

5.00 35,504 0.815 150,693 3.459 1.57

5.50 36,643 0.841 168,730 3.874 1.65

6.00 37,783 0.867 187,336 4.301 1.72

6.50 38,952 0.894 206,520 4.741 1.79

7.00 40,122 0.921 226,289 5.195 3.58

7.50 41,322 0.949 246,650 5.662 87.48

8.00 42,522 0.976 267,611 6.144 230.67

8.50 43,752 1.004 289,179 6.639 370.82

9.00 44,982 1.033 311,363 7.148 384.63

9.50 46,242 1.062 334,169 7.671 397.96

10.00 47,502 1.090 357,605 8.209 410.86

10.50 48,792 1.120 381,679 8.762 423.36

11.00 50,083 1.150 406,397 9.330 435.51

MHFD-Detention, Version 4.03 (May 2020)

5962.00

5962.50

5963.00

5963.50

5964.00

5964.50

5965.00

5965.50

5966.00

5966.50

5961.50

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

5959.00

5959.50

5960.00

5960.50

5961.00

5967.50

5968.00

5968.50

5969.00

5967.00

5969.50

5970.00

For best results, include the
stages of all grade slope
changes (e.g. ISV and Floor)
from the S-A-V table on
Sheet 'Basin'.

Also include the inverts of all
outlets (e.g. vertical orifice,
overflow grate, and spillway,
where applicable).
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 5,896 0.135

Selected BMP Type = EDB 6097 -- 1.00 -- -- -- 7,108 0.163 6,502 0.149

Watershed Area = 59.8 acres 6098 -- 2.00 -- -- -- 8,395 0.193 14,253 0.327

Watershed Length = 2,700 ft 6099 -- 3.00 -- -- -- 9,758 0.224 23,330 0.536

Watershed Length to Centroid = 1,200 ft 6100 -- 4.00 -- -- -- 11,195 0.257 33,806 0.776

Watershed Slope = 0.060 ft/ft 6101 -- 5.00 -- -- -- 12,709 0.292 45,758 1.050

Watershed Imperviousness = 13% percent 6102 -- 6.00 -- -- -- 14,297 0.328 59,261 1.360

Percentage Hydrologic Soil Group A = 0.0% percent 6103 -- 7.00 -- -- -- 15,962 0.366 74,391 1.708

Percentage Hydrologic Soil Group B = 0.0% percent 6104 -- 8.00 -- -- -- 17,701 0.406 91,222 2.094

Percentage Hydrologic Soil Groups C/D = 100.0% percent 6105 -- 9.00 -- -- -- 19,516 0.448 109,831 2.521

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Lone Tree - Municipal Court -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.415 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.661 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.06 in.) = 0.875 acre-feet 1.06 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.43 in.) = 2.282 acre-feet 1.43 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.66 in.) = 3.320 acre-feet 1.66 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.68 in.) = 3.763 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 6.585 acre-feet 2.26 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.6 in.) = 8.632 acre-feet 2.60 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.07 in.) = 11.028 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.483 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 1.111 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.411 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 1.486 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 1.853 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 2.577 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.415 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.245 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.661 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional
Override

Area (ft 2)
Length

(ft)

Optional
Override
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area
(ft 2)

Width
(ft)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT

EURV POND C

MHFD-Detention, Version 4.03 (May 2020)

Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

Total detention
volume is less than
100-year volume.

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP
1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.45 Zone 1 (WQCV) 2.45 Zone 1 (WQCV)

3.54 Zone 2 (EURV) 3.54 Zone 2 (EURV)

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:
  Basin ID:

Estimated Estimated

Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.45 0.415 Orifice Plate

Zone 2 (EURV) 3.54 0.245 Circular Orifice

Zone 3 Weir&Pipe (Circular)

Total (all zones) 0.661

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A 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 Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 3.03 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 12.10 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

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

Row 1 (required) 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) 0.00

Orifice Area (sq. inches) 4.10

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) Calculated Parameters for Vertical Orifice

Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A ft2

Depth at top of Zone using Vertical Orifice = N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A feet

Vertical Orifice Diameter = N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 3.54 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.54 N/A feet

Overflow Weir Front Edge Length = 12.00 N/A feet Overflow Weir Slope Length = 5.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 5.94 N/A

Horiz. Length of Weir Sides = 5.00 N/A feet Overflow Grate Open Area w/o Debris = 42.00 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 21.00 N/A ft2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Circular Not Selected Zone 3 Circular Not Selected

Depth to Invert of Outlet Pipe = 0.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 7.07 N/A ft2

Circular Orifice Diameter = 36.00 N/A inches Outlet Orifice Centroid = 1.50 N/A feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 7.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet

Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 3.54 feet Discharge at Top of Freeboard = cfs

Routed Hydrograph Results
Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 1.06 1.43 1.66 1.68 2.26 2.60 3.07
CUHP Runoff Volume (acre-ft) = 0.415 0.661 0.875 2.282 3.320 3.763 6.585 8.632 11.028

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.875 2.282 3.320 3.763 6.585 8.632 11.028
CUHP Predevelopment Peak Q (cfs) = N/A N/A 6.9 24.8 34.8 43.4 75.6 98.5 125.1

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.11 0.41 0.58 0.72 1.26 1.65 2.09

Peak Inflow Q (cfs) = N/A N/A 12.1 30.9 41.1 49.2 82.7 104.3 131.5
Peak Outflow Q (cfs) = 0.2 0.3 3.3 25.9 38.6 47.8 71.3 83.2 95.5

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.0 1.1 1.1 0.9 0.8 0.8
Structure Controlling Flow = Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A 0.07 0.6 0.9 1.1 1.7 2.0 2.3
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 36 47 49 42 39 37 30 26 21
Time to Drain 99% of Inflow Volume (hours) = 40 51 53 50 48 47 43 40 38

Maximum Ponding Depth (ft) = 2.44 3.54 3.66 4.04 4.19 4.29 5.39 6.98 8.88
Area at Maximum Ponding Depth (acres) = 0.21 0.24 0.25 0.26 0.26 0.27 0.31 0.37 0.44

Maximum Volume Stored (acre-ft) = 0.415 0.661 0.688 0.784 0.823 0.849 1.164 1.697 2.463

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.03 (May 2020)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT
EURV POND C

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 2 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 245 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 367 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 355 Shape 2.80

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 405

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 420 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 430

WQ Plate Flow at 100yr depth = 0.36 0.97(diameter = 1-1/8 inches) 50 Year 540

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 699 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 889 0 Z2_Boolean

Cdo #1 = 1.07 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = #VALUE! 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset

Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 10.00 110,000 100

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.00 (December 2019)
DETENTION BASIN OUTLET STRUCTURE DESIGN
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

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 0.02 0.01 0.06

0:15:00 0.00 0.00 0.13 0.26 0.32 0.16 0.30 0.30 0.41

0:20:00 0.00 0.00 0.56 1.80 2.63 0.51 1.19 1.75 2.80

0:25:00 0.00 0.00 4.19 14.44 22.23 3.49 9.47 14.04 23.78

0:30:00 0.00 0.00 9.53 27.15 37.19 26.34 50.12 61.87 82.09

0:35:00 0.00 0.00 11.90 30.86 41.07 42.31 73.95 93.48 119.41

0:40:00 0.00 0.00 12.13 29.80 39.36 49.16 82.75 104.29 131.50

0:45:00 0.00 0.00 11.03 27.23 36.61 48.42 80.59 103.80 130.50

0:50:00 0.00 0.00 9.83 24.91 33.43 46.66 77.48 99.93 125.53

0:55:00 0.00 0.00 8.74 22.22 30.39 42.69 71.39 93.77 117.89

1:00:00 0.00 0.00 7.87 19.94 28.10 38.56 65.26 87.74 110.56

1:05:00 0.00 0.00 7.18 18.04 26.19 35.23 60.40 83.18 104.96

1:10:00 0.00 0.00 6.37 16.26 24.33 31.51 54.82 75.29 95.36

1:15:00 0.00 0.00 5.55 14.34 22.45 27.78 49.17 66.67 84.88

1:20:00 0.00 0.00 4.73 12.35 19.73 24.00 42.68 57.34 73.10

1:25:00 0.00 0.00 4.04 10.74 17.20 20.45 36.44 48.69 62.23

1:30:00 0.00 0.00 3.55 9.62 15.24 17.54 31.47 41.87 53.64

1:35:00 0.00 0.00 3.18 8.74 13.63 15.32 27.64 36.63 46.99

1:40:00 0.00 0.00 2.87 7.79 12.19 13.51 24.43 32.25 41.39

1:45:00 0.00 0.00 2.58 6.86 10.88 11.91 21.58 28.35 36.39

1:50:00 0.00 0.00 2.30 5.97 9.65 10.47 19.00 24.79 31.84

1:55:00 0.00 0.00 1.99 5.12 8.41 9.12 16.57 21.46 27.57

2:00:00 0.00 0.00 1.69 4.29 7.09 7.81 14.25 18.34 23.57

2:05:00 0.00 0.00 1.37 3.43 5.74 6.47 11.80 15.21 19.52

2:10:00 0.00 0.00 1.05 2.60 4.43 5.13 9.37 12.13 15.53

2:15:00 0.00 0.00 0.74 1.80 3.23 3.82 7.02 9.12 11.66

2:20:00 0.00 0.00 0.49 1.20 2.37 2.57 4.86 6.36 8.21

2:25:00 0.00 0.00 0.33 0.86 1.83 1.68 3.37 4.40 5.79

2:30:00 0.00 0.00 0.24 0.65 1.46 1.13 2.42 3.13 4.18

2:35:00 0.00 0.00 0.19 0.51 1.15 0.78 1.77 2.22 3.01

2:40:00 0.00 0.00 0.15 0.40 0.91 0.54 1.29 1.55 2.12

2:45:00 0.00 0.00 0.11 0.31 0.70 0.38 0.93 1.05 1.46

2:50:00 0.00 0.00 0.09 0.24 0.53 0.27 0.67 0.68 0.97

2:55:00 0.00 0.00 0.07 0.18 0.39 0.19 0.47 0.43 0.63

3:00:00 0.00 0.00 0.06 0.14 0.28 0.14 0.34 0.31 0.45

3:05:00 0.00 0.00 0.05 0.10 0.20 0.11 0.25 0.23 0.33

3:10:00 0.00 0.00 0.04 0.07 0.15 0.08 0.19 0.18 0.26

3:15:00 0.00 0.00 0.03 0.05 0.12 0.06 0.15 0.14 0.20

3:20:00 0.00 0.00 0.02 0.03 0.08 0.05 0.11 0.11 0.16

3:25:00 0.00 0.00 0.01 0.02 0.06 0.03 0.08 0.08 0.11

3:30:00 0.00 0.00 0.01 0.01 0.04 0.02 0.06 0.05 0.08

3:35:00 0.00 0.00 0.01 0.01 0.02 0.01 0.04 0.03 0.05

3:40:00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.03

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume
Total

Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 5,896 0.135 0 0.000 0.00

0.50 6,502 0.149 3,099 0.071 0.10

1.00 7,108 0.163 6,502 0.149 0.14

1.50 7,752 0.178 10,217 0.235 0.17

2.00 8,395 0.193 14,253 0.327 0.19

2.50 9,076 0.208 18,621 0.427 0.22

3.00 9,758 0.224 23,330 0.536 0.24

3.50 10,477 0.241 28,389 0.652 0.26

4.00 11,195 0.257 33,806 0.776 23.15

4.50 11,952 0.274 39,593 0.909 63.67

5.00 12,709 0.292 45,758 1.050 68.07

5.50 13,503 0.310 52,311 1.201 72.20

6.00 14,297 0.328 59,261 1.360 76.10

6.50 15,129 0.347 66,618 1.529 79.82

7.00 15,962 0.366 74,391 1.708 83.37

7.50 16,831 0.386 82,589 1.896 86.77

8.00 17,701 0.406 91,222 2.094 90.05

8.50 18,608 0.427 100,300 2.303 93.21

9.00 19,516 0.448 109,831 2.521 96.27

MHFD-Detention, Version 4.03 (May 2020)
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Stage - Storage
Description

6096.00

6096.50

6097.00

6097.50

6098.00

6104.50

6105.00

6104.00

For best results, include the
stages of all grade slope
changes (e.g. ISV and Floor)
from the S-A-V table on
Sheet 'Basin'.

Also include the inverts of all
outlets (e.g. vertical orifice,
overflow grate, and spillway,
where applicable).
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 2,996 0.069

Selected BMP Type = EDB 6008 -- 1.00 -- -- -- 3,737 0.086 3,366 0.077

Watershed Area = 22.8 acres 6009 -- 2.00 -- -- -- 4,552 0.104 7,511 0.172

Watershed Length = 1,000 ft 6010 -- 3.00 -- -- -- 5,444 0.125 12,509 0.287

Watershed Length to Centroid = 500 ft 6011 -- 4.00 -- -- -- 6,410 0.147 18,436 0.423

Watershed Slope = 0.060 ft/ft 6012 -- 5.00 -- -- -- 7,452 0.171 25,367 0.582

Watershed Imperviousness = 27% percent 6013 -- 6.00 -- -- -- 8,569 0.197 33,377 0.766

Percentage Hydrologic Soil Group A = 0.0% percent 6014 -- 7.00 -- -- -- 9,762 0.224 42,543 0.977

Percentage Hydrologic Soil Group B = 36.0% percent 6015 -- 8.00 -- -- -- 11,030 0.253 52,939 1.215

Percentage Hydrologic Soil Groups C/D = 64.0% percent -- -- -- --

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Lone Tree - Municipal Court -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.269 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.580 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.06 in.) = 0.523 acre-feet 1.06 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.43 in.) = 1.059 acre-feet 1.43 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.66 in.) = 1.445 acre-feet 1.66 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.68 in.) = 1.607 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 2.656 acre-feet 2.26 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.6 in.) = 3.402 acre-feet 2.60 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.07 in.) = 4.303 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.412 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.715 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.903 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.920 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 1.155 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 1.452 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.269 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.311 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.580 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional
Override

Area (ft 2)
Length

(ft)

Optional
Override
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area
(ft 2)

Width
(ft)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT

EURV POND D
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Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

Total detention
volume is less than
100-year volume.

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP
1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.86 Zone 1 (WQCV) 2.86 Zone 1 (WQCV)

4.99 Zone 2 (EURV) 4.99 Zone 2 (EURV)

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
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  Project:
  Basin ID:

Estimated Estimated

Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.86 0.269 Orifice Plate

Zone 2 (EURV) 4.99 0.311 Circular Orifice

Zone 3 Weir&Pipe (Circular)

Total (all zones) 0.580

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A 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 Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 3.03 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 12.10 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

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

Row 1 (required) 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) 0.00

Orifice Area (sq. inches) 2.40

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) Calculated Parameters for Vertical Orifice

Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A ft2

Depth at top of Zone using Vertical Orifice = N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A feet

Vertical Orifice Diameter = N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 4.99 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 4.99 N/A feet

Overflow Weir Front Edge Length = 9.00 N/A feet Overflow Weir Slope Length = 5.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 6.42 N/A

Horiz. Length of Weir Sides = 5.00 N/A feet Overflow Grate Open Area w/o Debris = 31.50 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 15.75 N/A ft2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Circular Not Selected Zone 3 Circular Not Selected

Depth to Invert of Outlet Pipe = 1.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 4.91 N/A ft2

Circular Orifice Diameter = 30.00 N/A inches Outlet Orifice Centroid = 1.25 N/A feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 6.25 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet

Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 4.99 feet Discharge at Top of Freeboard = cfs

Routed Hydrograph Results
Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 1.06 1.43 1.66 1.68 2.26 2.60 3.07
CUHP Runoff Volume (acre-ft) = 0.269 0.580 0.523 1.059 1.445 1.607 2.656 3.402 4.303

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.523 1.059 1.445 1.607 2.656 3.402 4.303
CUHP Predevelopment Peak Q (cfs) = N/A N/A 2.4 11.6 17.2 21.6 37.8 48.9 62.8

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.11 0.51 0.75 0.95 1.66 2.14 2.75

Peak Inflow Q (cfs) = N/A N/A 9.3 20.2 26.0 29.2 48.0 60.6 75.8
Peak Outflow Q (cfs) = 0.1 0.2 0.2 10.0 17.3 24.9 43.6 59.9 62.4

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.9 1.0 1.2 1.2 1.2 1.0
Structure Controlling Flow = Plate Overflow Weir 1 Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.3 0.5 0.8 1.4 1.9 2.0
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 37 57 54 56 54 53 47 44 41
Time to Drain 99% of Inflow Volume (hours) = 40 61 58 62 61 60 57 56 54

Maximum Ponding Depth (ft) = 2.86 4.99 4.47 5.29 5.42 5.54 5.79 6.17 6.72
Area at Maximum Ponding Depth (acres) = 0.12 0.17 0.16 0.18 0.18 0.18 0.19 0.20 0.22

Maximum Volume Stored (acre-ft) = 0.270 0.581 0.493 0.631 0.656 0.678 0.725 0.798 0.915

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.03 (May 2020)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 2 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 287 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 448 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 500 Shape 1.01

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 530

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 543 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 555

WQ Plate Flow at 100yr depth = 0.20 0.97(diameter = 1-1/8 inches) 50 Year 580

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 618 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 673 0 Z2_Boolean

Cdo #1 = 1.07 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = #VALUE! 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset

Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 8.00 40,000 70

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.00 (December 2019)
DETENTION BASIN OUTLET STRUCTURE DESIGN

0

10

20

30

40

50

60

70

80

0.1 1 10

FL
O

W
 [c

fs
]

TIME [hr]

500YR IN

500YR OUT

100YR IN

100YR OUT

50YR IN

50YR OUT

25YR IN

25YR OUT

10YR IN

10YR OUT

5YR IN

5YR OUT

2YR IN

2YR OUT

EURV IN

EURV OUT

WQCV IN

WQCV OUT

0

1

2

3

4

5

6

7

8

0.1 1 10 100

PO
N

DI
N

G 
DE

PT
H 

[f
t]

DRAIN TIME [hr]

500YR

100YR

50YR

25YR

10YR

5YR

2YR

EURV

WQCV

0

10

20

30

40

50

60

70

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

O
U

TF
LO

W
 [c

fs
]

AR
EA

 [f
t^

2]
, V

O
LU

M
E 

[f
t^

3]

PONDING DEPTH [ft]

User Area [ft^2]

Interpolated Area [ft^2]

Summary Area [ft^2]

Volume [ft^3]

Summary Volume [ft^3]

Outflow [cfs]

Summary Outflow [cfs]

Pond D_MHFD-Detention_v4 03.xlsm, Outlet Structure 5/11/2020, 4:50 PM



Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

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 0.07 0.04 0.20

0:15:00 0.00 0.00 0.45 0.90 1.12 0.55 1.05 1.08 1.42

0:20:00 0.00 0.00 1.81 3.55 4.70 1.62 2.80 3.58 5.08

0:25:00 0.00 0.00 6.63 13.94 20.02 5.75 10.47 14.05 21.82

0:30:00 0.00 0.00 9.33 20.19 26.05 23.35 41.02 49.46 63.45

0:35:00 0.00 0.00 9.09 18.70 23.79 29.19 47.97 60.55 75.79

0:40:00 0.00 0.00 8.07 16.04 20.48 28.86 46.22 57.84 71.98

0:45:00 0.00 0.00 6.69 13.49 17.69 25.41 40.57 52.49 65.23

0:50:00 0.00 0.00 5.55 11.45 14.76 22.85 36.38 46.68 57.88

0:55:00 0.00 0.00 4.58 9.26 12.22 18.84 30.16 39.95 49.53

1:00:00 0.00 0.00 3.94 7.77 10.66 15.38 25.03 34.51 43.00

1:05:00 0.00 0.00 3.50 6.78 9.60 13.15 21.80 31.10 38.82

1:10:00 0.00 0.00 2.90 5.91 8.63 10.87 18.21 25.24 31.70

1:15:00 0.00 0.00 2.36 4.92 7.68 8.93 15.09 20.17 25.51

1:20:00 0.00 0.00 1.86 3.88 6.16 6.99 11.65 15.10 19.00

1:25:00 0.00 0.00 1.42 2.98 4.58 5.28 8.62 10.74 13.47

1:30:00 0.00 0.00 1.13 2.42 3.59 3.61 5.97 7.33 9.33

1:35:00 0.00 0.00 0.98 2.15 3.04 2.59 4.46 5.31 6.85

1:40:00 0.00 0.00 0.91 1.78 2.66 1.99 3.52 4.08 5.30

1:45:00 0.00 0.00 0.87 1.51 2.39 1.62 2.90 3.23 4.22

1:50:00 0.00 0.00 0.84 1.31 2.21 1.36 2.49 2.64 3.47

1:55:00 0.00 0.00 0.72 1.17 1.99 1.21 2.22 2.22 2.94

2:00:00 0.00 0.00 0.63 1.03 1.67 1.11 2.02 1.94 2.57

2:05:00 0.00 0.00 0.47 0.76 1.23 0.82 1.48 1.38 1.83

2:10:00 0.00 0.00 0.35 0.56 0.88 0.59 1.06 0.99 1.31

2:15:00 0.00 0.00 0.26 0.41 0.63 0.43 0.76 0.72 0.95

2:20:00 0.00 0.00 0.19 0.29 0.45 0.31 0.55 0.53 0.69

2:25:00 0.00 0.00 0.14 0.20 0.32 0.22 0.39 0.38 0.49

2:30:00 0.00 0.00 0.10 0.13 0.23 0.16 0.27 0.26 0.35

2:35:00 0.00 0.00 0.07 0.09 0.16 0.11 0.19 0.19 0.24

2:40:00 0.00 0.00 0.04 0.06 0.10 0.07 0.13 0.12 0.16

2:45:00 0.00 0.00 0.02 0.04 0.06 0.05 0.08 0.07 0.09

2:50:00 0.00 0.00 0.01 0.02 0.03 0.02 0.04 0.03 0.04

2:55:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume
Total

Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 2,996 0.069 0 0.000 0.00

0.50 3,367 0.077 1,591 0.037 0.06

1.00 3,737 0.086 3,366 0.077 0.08

1.50 4,145 0.095 5,337 0.123 0.10

2.00 4,552 0.104 7,511 0.172 0.11

2.50 4,998 0.115 9,898 0.227 0.13

3.00 5,444 0.125 12,509 0.287 0.14

3.50 5,927 0.136 15,352 0.352 0.15

4.00 6,410 0.147 18,436 0.423 0.16

4.50 6,931 0.159 21,771 0.500 0.17

5.00 7,452 0.171 25,367 0.582 0.24

5.50 8,010 0.184 29,233 0.671 22.18

6.00 8,569 0.197 33,377 0.766 59.09

6.50 9,165 0.210 37,811 0.868 61.41

7.00 9,762 0.224 42,543 0.977 63.64

7.50 10,396 0.239 47,582 1.092 65.80

8.00 11,030 0.253 52,939 1.215 67.89

MHFD-Detention, Version 4.03 (May 2020)

6010.00

6010.50

6011.00

6011.50

6012.00

6012.50

6013.00

6013.50

6014.00

6014.50

6009.50

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

6007.00

6007.50

6008.00

6008.50

6009.00

6015.00

For best results, include the
stages of all grade slope
changes (e.g. ISV and Floor)
from the S-A-V table on
Sheet 'Basin'.

Also include the inverts of all
outlets (e.g. vertical orifice,
overflow grate, and spillway,
where applicable).
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 8,961 0.206

Selected BMP Type = EDB 6010 -- 1.00 -- -- -- 10,766 0.247 9,863 0.226

Watershed Area = 38.0 acres 6011 -- 2.00 -- -- -- 12,675 0.291 21,584 0.496

Watershed Length = 1,500 ft 6012 -- 3.00 -- -- -- 14,685 0.337 35,264 0.810

Watershed Length to Centroid = 650 ft 6013 -- 4.00 -- -- -- 16,797 0.386 51,005 1.171

Watershed Slope = 0.02 ft/ft 6014 -- 5.00 -- -- -- 19,013 0.436 68,910 1.582

Watershed Imperviousness = 56% percent 6015 -- 6.00 -- -- -- 21,331 0.490 89,082 2.045

Percentage Hydrologic Soil Group A = 0.0% percent 6016 -- 7.00 -- -- -- 23,752 0.545 111,623 2.563

Percentage Hydrologic Soil Group B = 65.0% percent 6017 -- 8.00 -- -- -- 26,275 0.603 136,637 3.137

Percentage Hydrologic Soil Groups C/D = 35.0% percent 6018 -- 9.00 -- -- -- 28,901 0.663 164,225 3.770

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Lone Tree - Municipal Court -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.708 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 2.203 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.06 in.) = 1.786 acre-feet 1.06 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.43 in.) = 2.799 acre-feet 1.43 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.66 in.) = 3.475 acre-feet 1.66 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.68 in.) = 3.688 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 5.504 acre-feet 2.26 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.6 in.) = 6.701 acre-feet 2.60 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.07 in.) = 8.240 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 1.577 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 2.351 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 2.905 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.783 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 3.461 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 3.935 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.708 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 1.496 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 2.203 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

Total detention
volume is less than
100-year volume.

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.

Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional
Override

Area (ft 2)
Length

(ft)

Optional
Override
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area
(ft 2)

Width
(ft)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT

EURV POND E

MHFD-Detention, Version 4.03 (May 2020)

Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP
1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.70 Zone 1 (WQCV) 2.70 Zone 1 (WQCV)

6.32 Zone 2 (EURV) 6.32 Zone 2 (EURV)

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:
  Basin ID:

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.70 0.708 Orifice Plate

Zone 2 (EURV) 6.32 1.496 Circular Orifice

Zone 3 Weir&Pipe (Circular)

Total (all zones) 2.203
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A 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 Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 3.00 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 (required) 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) 0.00

Orifice Area (sq. inches) 6.50

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) Calculated Parameters for Vertical Orifice
Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A
Depth at top of Zone using Vertical Orifice = N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A

Vertical Orifice Diameter = N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 6.32 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 6.32 N/A
Overflow Weir Front Edge Length = 46.00 N/A feet Overflow Weir Slope Length = 6.00 N/A

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 15.37 N/A
Horiz. Length of Weir Sides = 6.00 N/A feet Overflow Grate Open Area w/o Debris = 193.20 N/A

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 96.60 N/A
Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Circular Not Selected Zone 3 Circular Not Selected

Depth to Invert of Outlet Pipe = 0.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 12.57 N/A
Circular Orifice Diameter = 48.00 N/A inches Outlet Orifice Centroid = 2.00 N/A

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 7.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet
Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 6.32 feet Discharge at Top of Freeboard = cfs
Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
One-Hour Rainfall Depth (in) = N/A N/A 1.06 1.43 1.66 1.68 2.26 2.60

CUHP Runoff Volume (acre-ft) = 0.708 2.203 1.786 2.799 3.475 3.688 5.504 6.701
Inflow Hydrograph Volume (acre-ft) = N/A N/A 1.786 2.799 3.475 3.688 5.504 6.701
CUHP Predevelopment Peak Q (cfs) = N/A N/A 1.7 13.3 20.2 26.9 49.1 63.4

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.05 0.35 0.53 0.71 1.29 1.67

Peak Inflow Q (cfs) = N/A N/A 33.4 54.6 65.7 70.7 105.6 129.9
Peak Outflow Q (cfs) = 0.4 0.5 0.5 8.9 22.6 33.7 88.5 120.0

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.7 1.1 1.3 1.8 1.9
Structure Controlling Flow = Plate Overflow Weir 1 Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.0 0.1 0.2 0.5 0.6
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 37 71 63 72 70 70 66 64
Time to Drain 99% of Inflow Volume (hours) = 40 77 68 78 77 77 75 74

Maximum Ponding Depth (ft) = 2.70 6.32 5.28 6.43 6.53 6.60 6.86 6.98
Area at Maximum Ponding Depth (acres) = 0.32 0.51 0.45 0.51 0.52 0.52 0.54 0.54

Maximum Volume Stored (acre-ft) = 0.710 2.205 1.706 2.261 2.312 2.344 2.481 2.546

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.03 (May 2020)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT
EURV POND E

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

Example Zone Configuration (Retention Pond)
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Calculated Parameters for Vertical Orifice

ft2

feet

Calculated Parameters for Overflow Weir

feet
feet

ft2

ft2

Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

ft2

feet
radians

500 Year
3.07
8.240
8.240
81.5

2.14
158.1
145.8
1.8

Outlet Plate 1
0.8
N/A
61
72

7.31
0.56
2.729

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 2 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 271 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 529 Slope 0.020

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 633 Shape 1.36

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 644
MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 654 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 661
WQ Plate Flow at 100yr depth = 0.57 0.97(diameter = 1-1/8 inches) 50 Year 687

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 699 1 Z1_Boolean
Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 732 0 Z2_Boolean

Cdo #1 = 1.07 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59(diameter = 1-7/16 inches) Draintime Running
Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = #VALUE! 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length
CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak
Outlet3_Pulldown_Boolean 1 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset
Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 8.00 120,000 150

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.00 (December 2019)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs
The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

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 0.55 0.26 1.47
0:15:00 0.00 0.00 3.35 6.78 8.38 4.15 7.68 7.91 10.21
0:20:00 0.00 0.00 13.26 19.00 22.72 11.68 17.27 19.22 23.97
0:25:00 0.00 0.00 29.08 46.34 59.17 26.02 39.96 46.81 62.40
0:30:00 0.00 0.00 33.40 54.58 65.73 65.25 100.69 117.15 144.32

0:35:00 0.00 0.00 29.29 46.37 55.41 70.71 105.58 129.87 158.12
0:40:00 0.00 0.00 24.63 38.02 45.61 64.64 95.28 116.23 141.24

0:45:00 0.00 0.00 19.26 30.33 37.02 54.15 79.75 100.86 122.27
0:50:00 0.00 0.00 15.51 25.04 29.99 45.76 67.16 84.34 102.29

0:55:00 0.00 0.00 12.98 20.65 25.23 36.34 53.81 69.88 84.93

1:00:00 0.00 0.00 10.87 17.03 21.27 29.57 44.17 59.81 72.77
1:05:00 0.00 0.00 9.05 13.97 17.82 24.39 36.71 51.70 62.89
1:10:00 0.00 0.00 6.97 11.62 15.23 18.50 27.86 37.72 46.16

1:15:00 0.00 0.00 5.81 9.93 14.22 14.14 21.45 27.46 34.06

1:20:00 0.00 0.00 5.24 8.75 12.62 11.01 16.73 19.67 24.48
1:25:00 0.00 0.00 4.90 8.00 10.67 9.09 13.76 14.65 18.28
1:30:00 0.00 0.00 4.73 7.51 9.35 7.55 11.22 11.59 14.48
1:35:00 0.00 0.00 4.61 7.19 8.44 6.51 9.49 9.56 11.94
1:40:00 0.00 0.00 4.52 6.32 7.81 5.89 8.44 8.23 10.28
1:45:00 0.00 0.00 4.46 5.68 7.39 5.47 7.70 7.34 9.17
1:50:00 0.00 0.00 4.43 5.24 7.08 5.20 7.24 6.85 8.55

1:55:00 0.00 0.00 3.76 4.94 6.61 5.05 6.98 6.69 8.33
2:00:00 0.00 0.00 3.26 4.58 5.88 4.97 6.83 6.62 8.24
2:05:00 0.00 0.00 2.24 3.14 4.03 3.42 4.69 4.57 5.69
2:10:00 0.00 0.00 1.49 2.09 2.70 2.29 3.13 3.07 3.82
2:15:00 0.00 0.00 0.98 1.36 1.79 1.54 2.09 2.05 2.55
2:20:00 0.00 0.00 0.62 0.85 1.13 0.98 1.33 1.30 1.61
2:25:00 0.00 0.00 0.37 0.54 0.70 0.62 0.84 0.82 1.02

2:30:00 0.00 0.00 0.20 0.31 0.39 0.36 0.49 0.48 0.60
2:35:00 0.00 0.00 0.08 0.15 0.18 0.18 0.24 0.23 0.28
2:40:00 0.00 0.00 0.03 0.04 0.05 0.06 0.07 0.07 0.09
2:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume Total
Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 8,961 0.206 0 0.000 0.00

0.50 9,864 0.226 4,706 0.108 0.15

1.00 10,766 0.247 9,863 0.226 0.22

1.50 11,721 0.269 15,485 0.355 0.27

2.00 12,675 0.291 21,584 0.496 0.31

2.50 13,680 0.314 28,173 0.647 0.34

3.00 14,685 0.337 35,264 0.810 0.38

3.50 15,741 0.361 42,870 0.984 0.41

4.00 16,797 0.386 51,005 1.171 0.43

4.50 17,905 0.411 59,680 1.370 0.46

5.00 19,013 0.436 68,910 1.582 0.49

5.50 20,172 0.463 78,706 1.807 0.51

6.00 21,331 0.490 89,082 2.045 0.53

6.50 22,541 0.517 100,050 2.297 17.68

7.00 23,752 0.545 111,623 2.563 126.32

7.50 25,013 0.574 123,815 2.842 148.21

8.00 26,275 0.603 136,637 3.137 154.26

8.50 27,588 0.633 150,103 3.446 160.09

9.00 28,901 0.663 164,225 3.770 165.70

For best results, include the
stages of all grade slope
changes (e.g. ISV and Floor)
from the S-A-V table on
Sheet 'Basin'.

Also include the inverts of all
outlets (e.g. vertical orifice,
overflow grate, and spillway,
where applicable).

6018.0

6017.0

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

6009.00
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6010.0

6010.5

6011.0

6017.5
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 7,430 0.171

Selected BMP Type = EDB 6061 -- 1.00 -- -- -- 9,216 0.212 8,323 0.191

Watershed Area = 74.6 acres 6062 -- 2.00 -- -- -- 11,065 0.254 18,463 0.424

Watershed Length = 2,200 ft 6063 -- 3.00 -- -- -- 12,975 0.298 30,483 0.700

Watershed Length to Centroid = 1,000 ft 6064 -- 4.00 -- -- -- 14,948 0.343 44,445 1.020

Watershed Slope = 0.03 ft/ft 6065 -- 5.00 -- -- -- 16,982 0.390 60,410 1.387

Watershed Imperviousness = 38% percent 6066 -- 6.00 -- -- -- 19,080 0.438 78,441 1.801

Percentage Hydrologic Soil Group A = 0.0% percent 6067 -- 7.00 -- -- -- 21,240 0.488 98,601 2.264

Percentage Hydrologic Soil Group B = 52.0% percent 6068 -- 8.00 -- -- -- 23,462 0.539 120,952 2.777

Percentage Hydrologic Soil Groups C/D = 48.0% percent 6069 -- 9.00 -- -- -- 25,747 0.591 145,556 3.342

Target WQCV Drain Time = 40.0 hours 6070 -- 10.00 -- -- -- 28,093 0.645 172,476 3.960

Location for 1-hr Rainfall Depths = Lone Tree - Municipal Court 6071 -- 11.00 -- -- -- 30,502 0.700 201,774 4.632

6071.5 -- 11.50 -- -- -- 31,730 0.728 217,332 4.989

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 1.085 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 2.801 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.06 in.) = 2.426 acre-feet 1.06 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.43 in.) = 4.286 acre-feet 1.43 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.66 in.) = 5.586 acre-feet 1.66 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.68 in.) = 6.104 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 9.667 acre-feet 2.26 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.6 in.) = 12.123 acre-feet 2.60 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.07 in.) = 15.182 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 1.982 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 3.162 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 3.972 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 3.920 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 4.905 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 5.882 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 1.085 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 1.716 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 2.801 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional
Override

Area (ft 2)
Length

(ft)

Optional
Override
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area
(ft 2)

Width
(ft)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT

EURV POND F

MHFD-Detention, Version 4.03 (May 2020)

Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

Total detention
volume is less than
100-year volume.

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP
1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

4.19 Zone 1 (WQCV) 4.19 Zone 1 (WQCV)

8.05 Zone 2 (EURV) 8.05 Zone 2 (EURV)

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:
  Basin ID:

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 4.19 1.085 Orifice Plate

Zone 2 (EURV) 8.05 1.716 Circular Orifice

Zone 3 Weir&Pipe (Circular)

Total (all zones) 2.801

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain
Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A 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 Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 8.25 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 (required) 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) 0.00

Orifice Area (sq. inches) 7.50

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) Calculated Parameters for Vertical Orifice
Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = 3.64 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.00 N/A
Depth at top of Zone using Vertical Orifice = 7.11 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.02 N/A

Vertical Orifice Diameter = 0.38 N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 8.05 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 8.05 N/A
Overflow Weir Front Edge Length = 26.00 N/A feet Overflow Weir Slope Length = 6.00 N/A

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 6.87 N/A
Horiz. Length of Weir Sides = 6.00 N/A feet Overflow Grate Open Area w/o Debris = 109.20 N/A

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 54.60 N/A
Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Circular Not Selected Zone 3 Circular Not Selected

Depth to Invert of Outlet Pipe = 2.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 15.90 N/A
Circular Orifice Diameter = 54.00 N/A inches Outlet Orifice Centroid = 2.25 N/A

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 9.50 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet
Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 8.05 feet Discharge at Top of Freeboard = cfs
Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year
One-Hour Rainfall Depth (in) = N/A N/A 1.06 1.43 1.66 1.68 2.26 2.60

CUHP Runoff Volume (acre-ft) = 1.085 2.801 2.426 4.286 5.586 6.104 9.667 12.123
Inflow Hydrograph Volume (acre-ft) = N/A N/A 2.426 4.286 5.586 6.104 9.667 12.123
CUHP Predevelopment Peak Q (cfs) = N/A N/A 4.8 28.8 43.0 55.6 101.0 130.3

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.06 0.39 0.58 0.75 1.35 1.75

Peak Inflow Q (cfs) = N/A N/A 40.0 76.3 96.7 107.3 170.7 211.6
Peak Outflow Q (cfs) = 0.5 0.7 0.7 25.6 48.9 74.8 156.3 199.4

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.9 1.1 1.3 1.5 1.5
Structure Controlling Flow = Vertical Orifice 1 Overflow Weir 1 Vertical Orifice 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.2 0.4 0.7 1.4 1.8
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 67 62 67 65 64 59 57
Time to Drain 99% of Inflow Volume (hours) = 41 72 66 73 72 72 69 67

Maximum Ponding Depth (ft) = 4.19 8.05 7.10 8.37 8.55 8.71 9.13 9.32
Area at Maximum Ponding Depth (acres) = 0.35 0.54 0.49 0.56 0.57 0.58 0.60 0.61

Maximum Volume Stored (acre-ft) = 1.086 2.804 2.308 2.974 3.075 3.172 3.419 3.533

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.03 (May 2020)
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Calculated Parameters for Vertical Orifice

ft2

feet

Calculated Parameters for Overflow Weir

feet
feet

ft2

ft2

Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

ft2

feet
radians

500 Year
3.07

15.182
15.182
167.5

2.25
262.4
242.7
1.4

Outlet Plate 1
2.2
N/A
53
66

9.79
0.63
3.825
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 1 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 2 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 420 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 711 Slope 0.034

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 806 Shape 1.49

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 838

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 856 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 872

WQ Plate Flow at 100yr depth = 0.77 0.97(diameter = 1-1/8 inches) 50 Year 914

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 933 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 980 1 Z2_Boolean

Cdo #1 = 1.07 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = #VALUE! 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 2 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.01 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 2 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset
Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 10.00 170,000 250

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.00 (December 2019)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs
The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

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 0.45 0.21 1.23
0:15:00 0.00 0.00 2.72 5.56 6.90 3.41 6.46 6.61 8.77
0:20:00 0.00 0.00 11.42 17.35 22.19 10.40 15.77 17.62 23.93
0:25:00 0.00 0.00 29.81 53.87 73.32 26.48 43.71 54.30 78.53
0:30:00 0.00 0.00 39.96 76.30 96.69 83.79 139.43 165.84 210.85

0:35:00 0.00 0.00 38.70 71.75 89.14 107.27 170.68 211.58 262.43
0:40:00 0.00 0.00 34.17 61.15 76.12 105.40 163.65 202.88 250.27

0:45:00 0.00 0.00 28.63 51.54 65.54 92.64 143.40 182.77 225.32
0:50:00 0.00 0.00 23.87 43.87 55.04 82.62 127.88 162.63 200.21

0:55:00 0.00 0.00 20.02 36.10 45.78 68.85 107.12 139.75 172.07

1:00:00 0.00 0.00 17.43 30.74 40.16 56.32 88.68 120.24 148.66
1:05:00 0.00 0.00 15.62 27.16 36.26 48.35 77.26 108.21 134.02
1:10:00 0.00 0.00 13.32 24.01 32.66 40.51 65.15 89.26 111.09

1:15:00 0.00 0.00 11.12 20.29 29.11 33.56 54.23 71.50 89.60

1:20:00 0.00 0.00 9.13 16.35 24.00 26.55 42.65 54.31 67.95
1:25:00 0.00 0.00 7.48 12.99 18.46 20.39 32.40 39.39 49.22
1:30:00 0.00 0.00 6.42 11.07 15.10 14.70 23.41 27.69 34.97
1:35:00 0.00 0.00 5.89 10.17 13.18 11.32 18.14 20.76 26.45
1:40:00 0.00 0.00 5.63 8.91 11.83 9.30 14.86 16.58 21.20
1:45:00 0.00 0.00 5.49 7.88 10.86 8.04 12.72 13.65 17.52
1:50:00 0.00 0.00 5.38 7.14 10.22 7.18 11.25 11.66 15.01

1:55:00 0.00 0.00 4.75 6.60 9.42 6.66 10.30 10.24 13.21
2:00:00 0.00 0.00 4.16 6.03 8.31 6.30 9.62 9.27 11.97
2:05:00 0.00 0.00 3.19 4.59 6.25 4.81 7.28 6.89 8.89
2:10:00 0.00 0.00 2.36 3.34 4.48 3.47 5.22 4.94 6.36
2:15:00 0.00 0.00 1.74 2.43 3.21 2.51 3.75 3.58 4.59
2:20:00 0.00 0.00 1.27 1.75 2.32 1.83 2.72 2.62 3.36
2:25:00 0.00 0.00 0.91 1.22 1.65 1.29 1.92 1.86 2.38

2:30:00 0.00 0.00 0.64 0.83 1.15 0.91 1.34 1.30 1.67
2:35:00 0.00 0.00 0.44 0.57 0.80 0.65 0.95 0.92 1.17
2:40:00 0.00 0.00 0.28 0.38 0.51 0.43 0.63 0.60 0.77
2:45:00 0.00 0.00 0.16 0.23 0.29 0.26 0.37 0.35 0.45
2:50:00 0.00 0.00 0.07 0.11 0.13 0.13 0.18 0.17 0.21
2:55:00 0.00 0.00 0.03 0.04 0.04 0.04 0.06 0.05 0.06
3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume Total
Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 7,430 0.171 0 0.000 0.00

0.50 8,323 0.191 3,938 0.090 0.18

1.00 9,216 0.212 8,323 0.191 0.25

1.50 10,141 0.233 13,162 0.302 0.31

2.00 11,065 0.254 18,463 0.424 0.35

2.50 12,020 0.276 24,235 0.556 0.40

3.00 12,975 0.298 30,483 0.700 0.43

3.50 13,961 0.321 37,218 0.854 0.47

4.00 14,948 0.343 44,445 1.020 0.50

4.50 15,965 0.367 52,173 1.198 0.54

5.00 16,982 0.390 60,410 1.387 0.57

5.50 18,031 0.414 69,163 1.588 0.59

6.00 19,080 0.438 78,441 1.801 0.62

6.50 20,160 0.463 88,251 2.026 0.65

7.00 21,240 0.488 98,601 2.264 0.67

7.50 22,351 0.513 109,499 2.514 0.69

8.00 23,462 0.539 120,952 2.777 0.72

8.50 24,604 0.565 132,969 3.053 42.40

9.00 25,747 0.591 145,556 3.342 128.54

9.50 26,920 0.618 158,723 3.644 239.12

10.00 28,093 0.645 172,476 3.960 245.17

10.50 29,297 0.673 186,824 4.289 251.08

11.00 30,502 0.700 201,774 4.632 256.85

11.50 31,730 0.728 217,332 4.989 262.50

MHFD-Detention, Version 4.03 (May 2020)

6063.00

6063.50

6064.00

6064.50

6065.00

6065.50

6066.00

6066.50

6067.00

6067.50

6062.50

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

6060.00

6060.50

6061.00

6061.50

6062.00

6068.50

6069.00

6069.50

6070.00

6068.00

6070.50

6071.00

6071.50

For best results, include the
stages of all grade slope
changes (e.g. ISV and Floor)
from the S-A-V table on
Sheet 'Basin'.

Also include the inverts of all
outlets (e.g. vertical orifice,
overflow grate, and spillway,
where applicable).
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 10,925 0.251

Selected BMP Type = EDB 5973 -- 1.00 -- -- -- 12,526 0.288 11,725 0.269

Watershed Area = 70.0 acres 5974 -- 2.00 -- -- -- 14,198 0.326 25,087 0.576

Watershed Length = 2,100 ft 5975 -- 3.00 -- -- -- 15,942 0.366 40,157 0.922

Watershed Length to Centroid = 1,000 ft 5976 -- 4.00 -- -- -- 17,756 0.408 57,006 1.309

Watershed Slope = 0.050 ft/ft 5977 -- 5.00 -- -- -- 19,643 0.451 75,706 1.738

Watershed Imperviousness = 57% percent 5978 -- 6.00 -- -- -- 21,600 0.496 96,327 2.211

Percentage Hydrologic Soil Group A = 0.0% percent 5979 -- 7.00 -- -- -- 23,629 0.542 118,942 2.731

Percentage Hydrologic Soil Group B = 12.0% percent 5980 -- 8.00 -- -- -- 25,730 0.591 143,621 3.297

Percentage Hydrologic Soil Groups C/D = 88.0% percent 5981 -- 9.00 -- -- -- 28,831 0.662 170,902 3.923

Target WQCV Drain Time = 40.0 hours 5982 -- 10.00 -- -- -- 33,172 0.762 201,903 4.635

Location for 1-hr Rainfall Depths = Lone Tree - Municipal Court 5983 -- 11.00 -- -- -- 37,162 0.853 237,070 5.442

5984 -- 12.00 -- -- -- 41,223 0.946 276,263 6.342

5985 -- 13.00 -- -- -- 45,356 1.041 319,552 7.336

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 1.321 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 3.874 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.06 in.) = 3.515 acre-feet 1.06 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.43 in.) = 5.486 acre-feet 1.43 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.66 in.) = 6.800 acre-feet 1.66 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.68 in.) = 7.118 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 10.561 acre-feet 2.26 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.6 in.) = 12.798 acre-feet 2.60 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.07 in.) = 15.672 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 3.010 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 4.639 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 5.346 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 5.089 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 6.293 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 7.194 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 1.321 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 2.553 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 3.874 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional
Override

Area (ft 2)
Length

(ft)

Optional
Override
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area
(ft 2)

Width
(ft)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT

EURV POND R

MHFD-Detention, Version 4.03 (May 2020)

Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

Total detention
volume is less than
100-year volume.

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP
1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

4.04 Zone 1 (WQCV) 4.04 Zone 1 (WQCV)

8.93 Zone 2 (EURV) 8.93 Zone 2 (EURV)

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:
  Basin ID:

Estimated Estimated

Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 4.04 1.321 Orifice Plate

Zone 2 (EURV) 8.93 2.553 Circular Orifice

Zone 3 Weir&Pipe (Circular)

Total (all zones) 3.874

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A 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 Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 3.03 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 12.10 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

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

Row 1 (required) 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) 0.00

Orifice Area (sq. inches) 10.00

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) Calculated Parameters for Vertical Orifice

Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A ft2

Depth at top of Zone using Vertical Orifice = N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A feet

Vertical Orifice Diameter = N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 8.93 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 8.93 N/A feet

Overflow Weir Front Edge Length = 42.00 N/A feet Overflow Weir Slope Length = 6.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 8.98 N/A

Horiz. Length of Weir Sides = 6.00 N/A feet Overflow Grate Open Area w/o Debris = 176.40 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 88.20 N/A ft2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Circular Not Selected Zone 3 Circular Not Selected

Depth to Invert of Outlet Pipe = 2.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 19.63 N/A ft2

Circular Orifice Diameter = 60.00 N/A inches Outlet Orifice Centroid = 2.50 N/A feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 11.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet

Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 8.93 feet Discharge at Top of Freeboard = cfs

Routed Hydrograph Results
Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 1.06 1.43 1.66 1.68 2.26 2.60 3.07
CUHP Runoff Volume (acre-ft) = 1.321 3.874 3.515 5.486 6.800 7.118 10.561 12.798 15.672

Inflow Hydrograph Volume (acre-ft) = N/A N/A 3.515 5.486 6.800 7.118 10.561 12.798 15.672
CUHP Predevelopment Peak Q (cfs) = N/A N/A 8.5 34.1 48.1 59.8 105.5 135.3 172.3

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.12 0.49 0.69 0.85 1.51 1.93 2.46

Peak Inflow Q (cfs) = N/A N/A 72.5 116.0 137.9 146.5 216.0 265.5 321.8
Peak Outflow Q (cfs) = 0.7 1.0 1.0 24.6 50.9 76.1 179.5 227.2 305.3

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.7 1.1 1.3 1.7 1.7 1.8
Structure Controlling Flow = Plate Overflow Weir 1 Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.1 0.3 0.4 1.0 1.3 1.7
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 37 68 65 68 66 66 62 60 58
Time to Drain 99% of Inflow Volume (hours) = 40 73 70 74 73 73 71 70 69

Maximum Ponding Depth (ft) = 4.04 8.93 8.12 9.16 9.32 9.44 9.84 9.99 10.43
Area at Maximum Ponding Depth (acres) = 0.41 0.66 0.60 0.68 0.69 0.70 0.74 0.76 0.80

Maximum Volume Stored (acre-ft) = 1.325 3.877 3.363 4.031 4.133 4.217 4.507 4.627 4.963

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.03 (May 2020)

PHASE II DRAINAGE REPORT FOR THE RIDGEGATE DEVELOPMENT
EURV POND R

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 2 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 405 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 813 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 894 Shape 1.45

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 917

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 933 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 945

WQ Plate Flow at 100yr depth = 1.06 0.97(diameter = 1-1/8 inches) 50 Year 985

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 1000 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 1044 0 Z2_Boolean

Cdo #1 = 1.07 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = #VALUE! 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset

Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 12.00 220,000 310

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.00 (December 2019)
DETENTION BASIN OUTLET STRUCTURE DESIGN
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

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 1.17 0.55 3.16

0:15:00 0.00 0.00 7.19 14.54 17.99 8.90 16.43 16.93 21.79

0:20:00 0.00 0.00 28.26 40.32 49.15 24.78 36.51 40.67 51.60

0:25:00 0.00 0.00 62.41 102.48 128.73 56.00 88.23 103.03 135.17

0:30:00 0.00 0.00 72.52 116.01 137.95 139.54 212.29 246.56 301.95

0:35:00 0.00 0.00 61.42 94.98 112.19 146.49 215.95 265.52 321.78

0:40:00 0.00 0.00 49.70 74.65 88.35 129.84 189.07 230.29 278.31

0:45:00 0.00 0.00 37.21 57.51 69.58 104.16 151.23 191.84 231.50

0:50:00 0.00 0.00 28.94 46.68 55.23 85.76 124.37 156.12 188.64

0:55:00 0.00 0.00 23.01 36.47 44.49 66.25 96.84 126.35 152.81

1:00:00 0.00 0.00 18.26 28.24 35.79 51.65 75.97 104.16 125.96

1:05:00 0.00 0.00 15.21 22.92 30.39 40.58 60.07 86.67 105.01

1:10:00 0.00 0.00 12.18 20.68 28.45 29.94 45.18 61.36 75.15

1:15:00 0.00 0.00 10.54 18.56 27.83 24.37 37.49 46.60 57.75

1:20:00 0.00 0.00 9.65 16.45 24.48 19.42 29.65 33.26 41.27

1:25:00 0.00 0.00 9.14 15.09 20.36 16.37 24.72 24.77 30.76

1:30:00 0.00 0.00 8.84 14.25 17.62 13.57 20.17 19.76 24.52

1:35:00 0.00 0.00 8.62 13.77 15.82 11.79 17.23 16.44 20.40

1:40:00 0.00 0.00 8.48 11.86 14.68 10.68 15.40 14.44 17.91

1:45:00 0.00 0.00 8.43 10.53 13.93 10.01 14.29 13.46 16.67

1:50:00 0.00 0.00 8.43 9.71 13.44 9.66 13.70 13.09 16.18

1:55:00 0.00 0.00 6.98 9.20 12.58 9.47 13.39 12.97 16.03

2:00:00 0.00 0.00 5.95 8.52 11.13 9.39 13.25 12.97 16.03

2:05:00 0.00 0.00 3.84 5.48 7.20 6.12 8.62 8.46 10.45

2:10:00 0.00 0.00 2.37 3.37 4.48 3.83 5.39 5.29 6.52

2:15:00 0.00 0.00 1.43 2.03 2.71 2.35 3.29 3.22 3.97

2:20:00 0.00 0.00 0.79 1.18 1.55 1.37 1.91 1.87 2.31

2:25:00 0.00 0.00 0.40 0.66 0.83 0.77 1.07 1.05 1.29

2:30:00 0.00 0.00 0.16 0.29 0.34 0.34 0.48 0.46 0.57

2:35:00 0.00 0.00 0.04 0.07 0.08 0.09 0.12 0.11 0.14

2:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume
Total

Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 10,925 0.251 0 0.000 0.00

0.50 11,726 0.269 5,663 0.130 0.24

1.00 12,526 0.288 11,725 0.269 0.33

1.50 13,362 0.307 18,197 0.418 0.41

2.00 14,198 0.326 25,087 0.576 0.47

2.50 15,070 0.346 32,404 0.744 0.53

3.00 15,942 0.366 40,157 0.922 0.58

3.50 16,849 0.387 48,355 1.110 0.63

4.00 17,756 0.408 57,006 1.309 0.67

4.50 18,699 0.429 66,120 1.518 0.71

5.00 19,643 0.451 75,706 1.738 0.75

5.50 20,621 0.473 85,772 1.969 0.78

6.00 21,600 0.496 96,327 2.211 0.82

6.50 22,614 0.519 107,381 2.465 0.85

7.00 23,629 0.542 118,942 2.731 0.88

7.50 24,679 0.567 131,019 3.008 0.92

8.00 25,730 0.591 143,621 3.297 0.95

8.50 27,280 0.626 156,874 3.601 0.97

9.00 28,831 0.662 170,902 3.923 4.84

9.50 31,001 0.712 185,860 4.267 90.11

10.00 33,172 0.762 201,903 4.635 230.16

10.50 35,167 0.807 218,988 5.027 306.35

11.00 37,162 0.853 237,070 5.442 313.56

11.50 39,192 0.900 256,159 5.881 320.61

12.00 41,223 0.946 276,263 6.342 327.50

12.50 43,289 0.994 297,391 6.827 334.26

13.00 45,356 1.041 319,552 7.336 340.88

MHFD-Detention, Version 4.03 (May 2020)
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Stage - Storage
Description

6072.00

6072.50

6073.00

6073.50

6074.00

6080.50

6081.00

6081.50

6082.00

6080.00

6082.50

6083.00

6083.50

6084.00

6084.50

6085.00

For best results, include the
stages of all grade slope
changes (e.g. ISV and Floor)
from the S-A-V table on
Sheet 'Basin'.

Also include the inverts of all
outlets (e.g. vertical orifice,
overflow grate, and spillway,
where applicable).
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Sheet 1 of 1
Designer:
Company:
Date:
Project:
Location:

1. Design Discharge

A)  2-Year Peak Flow Rate of the Area Draining to the Grass Buffer Q2 = 0.2 cfs

2. Minimum Width of Grass Buffer WG = 4 ft

3. Length of Grass Buffer (14' or greater recommended) LG = 45 ft

4. Buffer Slope (in the direction of flow, not to exceed 0.1 ft / ft) SG = 0.060 ft / ft

5. Flow Characteristics (sheet or concentrated)

A)  Does runoff flow into the grass buffer across the
     entire width of the buffer?

B)  Watershed Flow Length FL= 4 ft

C)  Interface Slope (normal to flow) SI= 0.060 ft / ft

D)  Type of Flow SHEET FLOW
      Sheet Flow: FL * SI < 1
      Concentrated Flow: FL * SI > 1

6. Flow Distribution for Concentrated Flows

7 Soil Preparation
(Describe soil amendment)

8 Vegetation (Check the type used or describe "Other")

9. Irrigation
(*Select None if existing buffer area has 80% vegetation
AND will not be disturbed during construction.)

10. Outflow Collection (Check the type used or describe "Other")

Notes:

Happy Canyon or Badger Gulch Drainage Way

Interstate 25 and Ridgegate Parkway

Design Procedure Form:  Grass Buffer (GB)

JR Engineering
Shea Homes

Ridgegate Development - Offsite Runoff into Happy Canyon/Badger Gulch (Per Lot)
July 9, 2020

UD-BMP (Version 3.07, March 2018)

Existing Xeric  Turf Grass

Irrigated Turf Grass

Other (Explain):

Choose One

Choose OneGrass Swale

Street Gutter
Storm Sewer Inlet

Other (Explain):

None (sheet flow)

Slotted Curbing

Level Spreader

Choose One

Other (Explain):

Choose OneYes No

Choose One

Permanent

None*

Temporary

15950.00_UD-BMP_v3.07.xlsm, GB 7/9/2020, 12:28 PM



APPENDIX E

REFERENCE MATERIAL
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å ë ó ë ç í ç ó ï ç í æ ñ ë ë ë í ò ò í ë ï æ æ í ð ë í ë ô ï í î ë æ ô ò ñ ó ÿ ë î ð ë í æ ð ó æ ð ÿ æ ï ô î ç í ç ë ï æ ó æ ð ÿ æ î æ ë í î æå ë ó ï ç í ç ô ë ç í æ î ï ë ô í î ò í ï ó æ ï í ò ë í ï ò ð í ç ó ò æ ó ô ÿ ç ó ë æ í ô ó ò ñ ï ÿ ò æ ó î ò í ç ô ó ò ñ ï ÿ ò æ î æ í ó ôå ë ô ç ç í æ ç ï ç í æ ñ ë ò ë í ô î í ð î æ ñ í æ ò í ë ó ñ í ñ æ ë ñ ò ë ò ÿ ó ç ð æ í ñ ç ï ï æ ÿ ë ó æ î ð í ç æ î æ ï ï æ ÿ ë ñ ñ æ í ï ôå ë ô æ ç í ç ó î ç í æ ð ð î ç í ñ ï í î ñ ë æ í æ ò í ó ð ô í æ æ ï ï î ó ð ÿ ï ô ï ë í ë æ æ ÿ ç ñ ò ÿ ï î ï î ô í ç ë ë ç æ ÿ ç ñ ò ÿ ï î ò æ í ð îå ë ô ï ç í ç ó ð ç í æ ï æ æ ò í ë æ í ó ò ð í ô æ í ë ô ò í ç æ ó ô æ ô ò ÿ ï ô ë ë í æ ò î æ ë ÿ ô æ î ò ð í ç æ ñ ï î æ ë ÿ ó ë ò ò í ë óå ò ç ç ç í ç ô ò ç í æ ð ô ë ô í î î í æ ë æ ï í ò ë í ô æ ð í ô æ ò ò ò ç ò ÿ î ð ó æ í ô ò ï ó ï ÿ ë ë ô î î í ç æ ï ï ï ó ï ÿ æ ó ë æ í ó ðå ò ç ï ç í ç ô ò ç í æ î ñ ë ó í ç ò í î ñ æ î í ð ë í î ï ï í ó ó ô æ ô ë ÿ ï ó æ æ í ô î ò ñ ò ÿ ð ç ó î ë í ç æ ç ë ò ñ ò ÿ ï ô ë æ í ô ëå ò æ ç ç í ç ô æ ç í æ ð ç ë î í î ò í ò ç æ ë í ñ ë í ò ò ï í ï ñ æ æ ò î ÿ ð ç ë æ í ô ò ë ï ô ÿ î ò ñ î æ í ç ñ ó ë ï ô ÿ î ë î ë í ç ôå ò æ æ ç í ç ó ô ç í æ ð ç æ ñ í ñ ë í î ó ô í ë æ í ñ ï î í æ æ ç ç æ ò ñ ÿ ï ñ ñ æ í ô ô ë ñ î ÿ ç ó ò ò ñ í ç ô ô ë ñ î ÿ æ ç ô ë í ð ëå ò æ î ç í ç ó ë ç í æ ð æ ò ï í ò î í ð ð æ ó í î ò í ë ô ñ í ó æ ç î ë ó î ÿ ë ô ó ë í ë ð ð î ò ÿ ð ô ò î ð í ç æ î î ð î ò ÿ ð ñ ó æ í ó îå ò æ ï ç í ç ó ñ ç í æ ï ó ë î í ç ò í ë æ æ ë í ï ë í ë ñ ï í ò ñ ë æ ò ò ÿ ï ó î ë í ç ï ë ñ ò ÿ ó ë ð î æ í ç ó æ ë ñ ò ÿ ó æ ò ë í ë çå ò ë ç õ ç í ç ô æ ç í æ î ô æ ó í ò ë í ò ô ô í ï æ í ð ô î í ç æ æ ï æ ð ë ÿ ð ë î æ í ô ò ò æ ò ÿ î î ñ ò ó í ç æ æ ë ò æ ò ÿ î ë ô ë í ï æå ò ë ç ö ç í æ ï ð ç í ç ñ ó î ï í ô ò í ç ï ë ò í ô ë í æ ï ï í æ æ ë î ò ÿ æ ô ñ æ í ò ò ï ñ ÿ ð ë ð ï ç í ç æ ë ï ñ ÿ ð ë ò æ í ç òå ò ë ï ç í ç ó ç ç í æ ð ë ë î í æ ò í ë ô æ ë í ï ë í ò ë ï í ï æ ð ð ò ç ô ÿ ó ô ë ë í ò ë ñ æ ô ÿ ð ë ò î ç í ç ë ç ð ñ æ ô ÿ ï ô ï ë í î æ÷ æ ç ç ç í ç ó ç ç í ë ò î ó í î æ í ó æ î í î æ í ë ó ò í ç î ç ï ë ð ò ÿ ð ò ñ ë í ò ð ð ë ë ÿ ë ñ î ò ò í ç ò æ ñ ð ë æ ÿ ð ç ë î í ò ð÷ æ æ ç ç í æ ç ë ç í æ ï ò ë ë í ç ë í ó ô æ æ í î ë í ç î î í ó æ ñ ð ë ô ô ÿ ô î ó æ í ñ ô ï ò ð ÿ ó ë ð î ç í ç æ ñ ñ ï ò ð ÿ ñ î æ ë í æ î÷ æ ë ç ç í æ ç ð ç í æ ò ô ë ó í ð ò í ò ï æ î í ô ë í ò ñ ï í ð æ ë ï ë ñ ï ÿ î æ ï æ í ñ ò î ñ ñ ÿ ñ ç ç î ò í ç æ ò ò î ñ ñ ÿ ð ñ ï æ í ñ ð÷ æ ò ç ç í æ ë ð ç í æ î ï î ò í ç ï í ç ó ë ë í ò ò í ï ô ó í ï ñ ó ë ð ç ÿ î ñ ñ æ í ï î ò ô ô ÿ ó î ó ï ç í ç ó ó ò ô ô ÿ ó ò ð æ í ë ë÷ æ ò î ç í ç ô ò ç í æ æ ç æ ë í ë æ í ò ò ð í ò ç í ô î ë í ë ô î ó ó ÿ ð ñ ñ æ í ô î æ ñ ë ÿ î ç ñ ò ï í ç ñ ô æ ñ ë ÿ î ò ï ò í ë î÷ æ ò ï ç í æ æ ó ç í æ ñ ð î æ í î ï í ó ô ë æ í ï î í æ ð ô í ó æ î ë î ï ï ÿ ó æ ë æ í ð ò ñ î ç ÿ ñ ï ë ï ç í ç æ ð ð ñ î ç ÿ ñ ò ð æ í ò ëø æ ç ç ç í æ ï ò ç í æ ï ò ò ï í ó î í ï æ æ ó í ð ò í æ ô ñ í ï æ ë ð ò ï ç ÿ æ ç ð æ í î ð ï æ ë ÿ ð ó ò î ñ í ç æ ò ç ï æ ë ÿ ð ð î æ í ò ïø æ æ ç ç í æ ò ò ç í æ ï ï ë ó í æ ò í ð î æ î í ð ë í ï ó ð í æ æ ñ ï ò ñ ô ÿ ô ï ô æ í ï î ï ó î ÿ ë ó ï î ò í ç æ ñ ò ï ó î ÿ ë ð ô æ í ð ïø æ ë ç ç í æ ë ë ç í æ î ï ò ô í ç î í ð ò ë ç í ò ò í ë ñ ñ í ñ ñ ô ë ò ô ÿ ó ë î æ í ï ô ò ó æ ÿ ç î ð î ó í ç ó ô ò ó æ ÿ ç î ç æ í ò îø æ ë ï ç í æ ò ð ç í æ ð ô î ô í ç ð í ð î ë ï í ï î í ð ô æ æ í æ æ ç ó î ç ô ÿ ë ï ï æ í ï ò ð ë î ÿ ò ç ó ï î í ç æ ë ð ð ë î ÿ ò ç ð æ í æ ëø æ ò ç ç í ç ô ð ç í æ ð ó ë ò í ð ò í ò ï æ ë í ò ë í ò ñ ï í ð ë ë æ î ç î ÿ ð ñ ó æ í ó ô ñ ð ò ÿ ô î ò î æ í ç ë ò ñ ñ ð ò ÿ ô ë ò ë í æ òø æ î ç ç í æ ç ï ç í æ ï æ æ ô í ñ ë í ï ô æ ç í ò æ í ó ò î í ò æ ë ô æ ô ð ÿ ô æ î æ í ñ ð ò î ð ÿ ç ò î ò ô í ç æ ë ò ò î ð ÿ ç ò ñ ë í ë ñø æ ï ç ç í æ ï ò ç í æ ï ò î ô í ë ð í ç ñ ë ï í ð î í ë ô æ ç í æ ï ï ë æ æ ÿ ë î ô æ í î ð ò ç ô ÿ ò î ï ï ò í ç ð ò ò ç ô ÿ ò î ë æ í ç óø æ ï ò ç í ç ô ó ç í æ ó ë ë ò í ò ò í ï ð æ ë í æ ë í ï ë ï í ô ë ï æ î ï î ÿ ç î ð æ í ó ï ó ò ô ÿ ë ô æ î æ í ç ë ð ï ó ò ô ÿ ò ç ó ë í æ ëø æ ï î ç í ç ô ë ç í æ î æ ë ò í î ë í ó î æ ë í ë ë í ç æ î í ñ æ ô ï ò ï ò ÿ ò ó ë æ í ô ó ð ô ô ÿ ï ó ð î ç í ç ë æ î ð ô ô ÿ î ô ò ë í æ ôø æ ï ï ç í æ ç ç ç í æ ï ï ë ô í ï ò í ó æ æ ï í ò ë í ð ô ð í ò æ ë æ ë ñ ï ÿ î æ ï æ í ó ë ï ç æ ÿ ó ó ô î ò í ç æ ò ð ï ç æ ÿ ó ï æ æ í ñ ôø æ ï ô ç í æ ç ë ç í æ ð î ë ï í ë ò í î ñ æ ò í æ ë í î ï ï í ó ë ç ï î ç ç ÿ ò æ æ æ í ó ç ñ æ ô ÿ ç î ó î ë í ç ë æ ñ ñ æ ô ÿ ç ï ë æ í ô ñø æ ð ç ç í æ ò ð ç í æ ï ô ë ë í î ò í ç ò æ æ í ð ë í æ î ï í æ ë î ç î æ ð ÿ ð î ò æ í ï ò ð ò ï ÿ ï ñ ó î æ í ç ë æ ô ð ò ï ÿ ï ò ò æ í ô æø æ ñ ç ç í æ ë ð ç í æ î ð î ó í ç ï í ð ô ë ï í ç î í ç ë ô í ï æ ç ï ò ô æ ÿ ï ç ð æ í ï ð ð æ æ ÿ ô æ ó ï ë í ç æ ë î ð æ æ ÿ ô ë æ æ í æ ïø æ ñ ï ç í æ ò ð ç í æ ï ç î ó í æ ï í ó ï ë ï í ç î í æ ò ô í ñ ô ó ò ð î ÿ ï ï ñ æ í ï ò ï ï ð ÿ æ ë ë ï ò í ç æ æ ò ï ï ð ÿ æ æ ñ æ í æ òø æ ó ç ç í æ æ ô ç í æ ò ç ë ñ í ñ ò í ç ð æ î í î ë í æ ð ï í æ ñ î æ ï ô ÿ ò ô ï æ í ð æ ë ï ñ ÿ ò ó î î ò í ç ñ ï ë ï ñ ÿ ò ð ë æ í ñ æø æ ó ï ç í æ ë ñ ç í æ ð æ î ï í ð ï í ô ë ë ò í ñ î í æ ó ô í ô æ æ î î ç ò ÿ ð ñ ô æ í ï ð ð ë ó ÿ ò ò ð ï ë í ç æ ò ò ð ë ó ÿ ò ò ë æ í æ ôø æ ô ç ç í æ æ ô ç í æ ï ç î ç í ò î í ô ò ë ç í ô ò í î ó ó í ë ó ó ë ñ ï ÿ ë ô ô æ í ð æ î î î ÿ ï î ë î ô í ç æ ç æ î î î ÿ ï ò ï æ í ò òù æ ç ç ç í æ ò ò ç í æ ñ ç ò ï í ó î í ô ó æ ó í ð ò í ï ë ó í ò æ ï ñ î ò ï ÿ ò ô æ æ í ï î ð ð ô ÿ ï ë ð î ñ í ç æ ð ó ð ð ô ÿ ï æ î æ í î çù æ æ ç ç í æ ë ð ç í æ ð ó ò ï í ë î í ó ï æ ó í ò ò í î ò ó í æ æ î ô î ç ð ÿ æ ð ï æ í ï ð ð ò î ÿ ó ò æ î ñ í ç æ ð æ ð ò î ÿ ó ç ï æ í î îù æ ë ç ç í æ ë ô ç í æ ï ó ë æ í ë ë í ó ó æ æ í ç ë í ç ò î í ó æ ð ë ë ð ð ÿ ñ ñ ò æ í ï ï î æ ò ÿ ï æ ï î æ í ç æ î ñ î æ ò ÿ î ï ç ë í ç ç
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ù æ ò ç ç í æ ç ñ ç í æ ð ç ë ñ í ë ò í ð ï æ î í æ ë í ï ó ð í æ æ ò ó ë ô ç ÿ ñ ô ï æ í ñ ò ï ç ò ÿ î ñ æ î ò í ç æ î ð ï ç ò ÿ î ñ ï æ í ó ëû æ ç ç ç í æ ï ð ç í æ ð ï î ó í ë ð í î ç ë ï í æ î í ï ë æ ç í ñ ô î ò ï ç ÿ ó ë ð æ í î ï ï ç ô ÿ î ñ ë ï ò í ç æ ç ï ï ç ô ÿ î ð æ æ í ç ôû æ ç ï ç í æ ï ð ç í æ ï ç ò ï í ï î í î ç æ ó í î ò í æ æ ñ í ò ñ ç æ ô æ ÿ ï ç æ æ í î ï ë ñ ó ÿ ç ô ô î ñ í ç ñ æ ë ñ ó ÿ æ ç ò æ í ò ïû æ æ ç ç í æ ï ð ç í æ ð æ ò ç í î î í ç ð æ ï í ó ë í ó ñ ð í ó æ ë ó ò ç ç ÿ ó ç ó æ í î ï î ò ð ÿ ó ò ï î ï í ç æ ë ï î ò ð ÿ ó ç î æ í ï çû æ ë ç ç í æ ï ð ç í æ ï ô ò ñ í ï î í ó ô æ ô í ï ò í î ï ó í æ ô ñ ë ó æ ÿ ô ð ñ æ í î ï î ç ô ÿ î ñ î î ó í ç æ ç æ î ç ô ÿ î ð ñ æ í ò çû æ ë ï ç í æ ï ð ç í æ ï ó î æ í ë ï í ò ç ë æ í î ò í ñ ï ó í ó ó î ë ð ð ÿ ñ ë ñ æ í î ï ò ó ñ ÿ ò î ë ï ç í ç ó ô ò ó ñ ÿ ò ò ë æ í ë ëû æ ò ç ç í æ ï ð ç í æ ð æ ò æ í ó î í ë ë æ ð í ï ë í ô ô ñ í ç æ ë ë ë ô ô ÿ ë ç ï æ í î ï î ò î ÿ ï ç ñ î ð í ç æ ë ç î ò î ÿ î ô ð æ í î ðû æ ò ï ç í æ ï ð ç í æ ð ð î î í ï ï í ô ñ ë ò í æ î í ë ë ô í ô æ ç ñ ò ð ô ÿ ë ë ð æ í î ï ï ò ð ÿ æ ô ë ï ë í ç æ æ ó ï ò ð ÿ æ ó î æ í æ ðû æ î ç ç í æ ï ð ç í æ ð ò ë ó í ð ò í ó ô æ î í ô ë í ñ ï ð í ï æ î ô ò ò ç ÿ ë î ò æ í î ï î ñ ô ÿ ï ó ç î î í ç æ î ë î ñ ô ÿ ï ï ô æ í ï ñû æ ï ç ç í æ ï ç ç í æ ï ð ò ç í æ ò í ô æ æ ï í ñ ë í ñ ð ð í ï æ ç î ë î ë ÿ ñ ï æ æ í î ñ ò ï ï ÿ ð ó ñ î ï í ç æ ç ë ò ï ï ÿ ð ñ ò æ í ï ëû æ ï ï ç í æ ï ð ç í æ ñ ë ï ð í ç ñ í ð ó ë ô í æ ï í î ò æ ë í ó æ ç ð î ð ç ÿ ñ ó ò æ í î ï ð ð ô ÿ æ ï ë ï ñ í ç æ ë î ð ð ô ÿ æ ï ò ç í ô óû æ ð ç ç í æ æ ñ ç í æ ñ æ ë ó í ô î í ç ô æ ï í ç ë í ó ô ð í ó ë æ æ î ñ ò ÿ ñ æ ï æ í ï ð ñ ò ð ÿ ó ç ð î î í ç ë æ ë ñ ò ð ÿ ñ æ ô æ í ð ëû æ ñ ç ç í æ æ æ ç í æ ð ï ë ï í ó ò í ï ó æ ò í î ë í ï ò ð í ç æ ç ô ë æ ó ÿ ó ó ô æ í ð æ ò ï ë ÿ ë ó ð î ë í ç æ ç ó ò ï ë ÿ ë ð ô æ í ñ ôû æ ñ æ ç í æ ç æ ç í æ ð ï æ ë í ð æ í ô ç ð í ð æ í ò î ò í ë æ ò ë æ ë ó ÿ ó ð ï æ í ñ ë ë ë æ ÿ ñ ï î ò ð í ç æ ç ï ë ë æ ÿ ð ô ô ë í ô ïû æ ó ç ç í ç ô î ç í æ î ð ë ë í ë ë í ñ ô æ æ í ï æ í ô ñ î í ñ ï ë ô ç ÿ ç ë î æ í ó ò æ ð ï ÿ æ ó ò î ç í ç ï ò æ ð ï ÿ æ ï ô ë í æ îû æ ó ë ç í ç ô ï ç í æ î ð ë î í æ ò í ç ç æ ë í ï ë í æ ë ï í ç æ ï ï ë ó ô ÿ ò æ æ æ í ó ï ï ò ï ÿ ï ç ô î æ í ç æ ð î ï ò ï ÿ î ï ò ë í ç ïû æ ó ò ç í æ ï æ ç í æ ñ ç ð æ í î ó í ò ë ò æ í ô ï í ó ó æ ò í ô ô ë î ò ñ ÿ ç ï ë æ í î ò ð ë ò ÿ ò ï ó ð ç í ç æ ç ó ð ë ò ÿ ò ò ô ç í ô çû æ ó î ç í æ ò ï ç í æ ï ó î ð í ó ï í ô ó ë î í î î í ë ò æ ç í ç ñ ó ë ó î ÿ ï ô ë æ í î ï î æ æ ÿ ó ï ó ï ë í ç ó ð î æ æ ÿ ó î ð æ í æ çû æ ó ï ç í æ æ ñ ç í æ ñ ë ë ò í ó ò í î î æ ë í î ë í î ò ï í ñ ó ô æ ð î ÿ î ò ô æ í ï ñ ë ï ó ÿ ð ó ï î ë í ç ó î ë ï ó ÿ ð ñ ô æ í ó ðû æ ô ç ç í ç ô ë ç í æ ï î ë î í ó ò í ë ë æ ë í ô ë í ë ó ï í î æ æ î ë æ ñ ÿ ñ ñ ç æ í ô ë î æ ó ÿ ë ô ç î æ í ç æ ë î î æ ó ÿ ë ò ò ë í ç ñû ë ç ç õ ç í ç ó ô ç í æ ð ñ ë ñ í ó ò í ó ñ æ î í ï ë í ñ î ð í ï æ ñ ò ò ñ ë ÿ î ò ó ë í ç ò ñ ï ï ÿ ð ó ó î ë í ç ë ç ï ñ ï ï ÿ ð ð ç ë í ç çû ë ç ç ö ç í æ ë ç ç í ç ó ï î ë í ï ò í ç ñ ë ë í æ ë í æ ñ ï í æ ë ð ó ï ÿ ò ç ï æ í ï ò æ ò ç ÿ ï ô ô î ó í ç ë ó æ ò ç ÿ ï ô æ æ í ë æû ë ç ç ü ç í æ ï ð ç í ç ò ð î æ í ë æ í î ï ë æ í î æ í ç ò ë í î ò ñ ÿ ô ó ð æ í ò ñ æ ç ÿ ô ç ñ î ñ í ç ë æ ç ÿ ô ç ñ æ í æ ëû ë ç î õ ç í ç ô ò ç í æ î ï ë ç í ð ë í ð æ æ ç í ñ æ í ó î î í ò ñ ñ æ ë ë ÿ ò ò æ æ í ô ð ë ò ô ÿ ô ë ñ ò ô í ç ó ç ë ò ô ÿ ô ë ë ë í ò ðû ë ç î ö ç í ç ó ô ç í ç ñ ñ ë ò í ð æ í ð ô æ ë í ò æ í ë ç ë í ó æ ñ ò ç ÿ î ô ë ë í ç ñ ð ò ÿ æ ñ î î ç í ç æ ô ð ò ÿ æ ï ñ ë í ë ëû ë ç ï õ ç í ç ô ò ç í æ æ ò ë ë í î ë í ë î æ æ í ð æ í ï ó ò í ñ ï ò ô ë ÿ ë ç ë æ í ô î æ ñ ó ÿ ï î ñ î ç í ç ï ð æ ñ ó ÿ ï ë ï ë í ë æû ë ç ï ö ç í ç ó ô ç í æ ð ð ë ò í ó ò í ò ò æ ë í î ë í ò ï ï í ð æ î ò ë ð ò ÿ ï ò ó ë í ç ï ï ò ô ÿ ï ç ó î æ í ç æ ð ë ï ò ô ÿ î ô ô ë í ë òû ë æ ç õ ç í ç ó ð ç í æ î ô ë æ í ô ë í ó ç æ æ í î æ í ô ó î í ñ ñ æ æ ë ç ÿ æ ï ò ë í ç ô ë ï æ ÿ ò ô ï ò ô í ç ñ ó ë ï æ ÿ ò ï î ë í ò ñû ë æ ç ö ç í ç ó ô ç í æ ð î ò ï í ï î í ñ ó æ ó í ï ò í ò ó ó í ç ó ð ë ò ï ÿ î ï ë ë í ç ç î ñ æ ÿ ð ï ð î ð í ç æ ç ô î ñ æ ÿ ð î ç æ í ð óû ë æ ï ç í ç ñ ñ ç í æ ë æ æ ë í ï æ í î ð ð í ï æ í ç ò ë í î ï ô ï ð ÿ ð ë ó ë í î ï æ ò ô ÿ ç æ ç ò ï í ç ï ñ æ ò ó ÿ ô ó ó ò í ð óý æ ç ç õ ç í æ ç ð ç í ç ô ï æ ñ í ò æ í ï ð ô í ç æ í æ ç ë í ð ó ó æ æ ñ ÿ ð æ ë æ í ñ î ë ç ï ÿ æ ï ë ò ñ í ç ñ ô ë ç ï ÿ æ æ æ ë í î îý æ ç ç ö ç í ç ó ô ç í æ ñ ç ë ë í æ ò í æ ô æ æ í ï ë í ë ï ï í ò æ ô ç ò ë ï ÿ ë î ó ë í ç ñ ð ñ ò ÿ ó ï ó î ç í ç ë æ æ ð ñ ò ÿ ó æ ð ë í ò ðý æ æ ç ç í ç ó ñ ç í æ ð ò æ ñ í ò ë í î ó ô í ç æ í ñ ï î í æ ë ó ò ò ó ç ÿ î ô î ë í æ ç ó ç ç ÿ ó ë ò ò ñ í ç ë ô æ ó ç ç ÿ ó ò ó ë í ñ óý æ ë ç ç í ç ó ð ç í æ ñ æ ë ó í ñ î í ç ð æ î í ô ë í ó ñ ð í ó ë ç ò î î ô ÿ ð ò ë ë í æ î ô ð ë ÿ ð ô ç î ò í ç ë ï ò ô ð ë ÿ ð ç ð ë í ç îý æ ë ï ç í ç ó ô ç í æ ï ñ ë ð í ï ò í î ô æ ò í ó ë í î ð ï í ó æ ë ò ë ï ë ÿ ð ë ï ë í ç ò ï æ ë ÿ ò ò ñ î ë í ç æ î ò ï æ ë ÿ ò æ ò ë í ç ðý æ ò ç ç í ç ó ó ç í æ ð ñ ë ñ í æ ò í ñ ó æ î í æ ë í ð ñ ð í ò æ ó ï ò ó ó ÿ ò ð ô ë í ç ï ñ ô ï ÿ ë æ ó î ë í ç ë æ ô ñ ô ï ÿ æ ô ï ë í ç î
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Figure 2-1.  Vicinity Map 

SECTION 2 – STUDY AREA DESCRIPTION 

2.1  Project Area 

Happy Canyon Creek originates in the City of 
Castle Pines, south of the Denver metropolitan 
area and west of I-25. The creek flows in a 
northeasterly direction through unincorporated 
Douglas County, crossing I-25 near Surrey Ridge. 
It then passes through the RidgeGate PDD in the 
City of Lone Tree before joining with its major 

tributary, Badger Gulch, just south of Lincoln 
Avenue within the Meridian International 
Business Center. North of Lincoln, Happy 
Canyon Creek flows through Grandview Estates, 
then through the Compark development 
adjacent to E-470. Compark extends to the 
Douglas-Arapahoe county line, and is primarily 
within the Town of Parker’s current and future 
annexation boundaries. Happy Canyon Creek 
then enters Arapahoe County in the Dove Valley 
Business Park, crosses Jordan Road into the 
Southcreek subdivision, and finally joins with 

Cherry Creek just south of Broncos Parkway in the Cherry Creek Valley Ecological Park. Table 2-1 
contains the names and lengths of the eight major reaches identified within the watershed 
boundary. Watershed limits, tributary channels, jurisdictional boundaries, and major landmarks are 
shown in Figure 2-2.  

The Happy Canyon Creek watershed is approximately 10.2 miles in length and has an average width 
of 2.1 miles for most of its length, tapering to 0.5 miles wide at the north end. The total area is 17.5 
square miles or 11,200 acres. Approximately 40% of this area is developed. The highest and lowest 
points are 6680 and 5668 feet above mean sea level, respectively; the average watershed slope is 
1.8%.  Underlying soils are hydrologic group C through much of the watershed, with type B soils 
increasing to the north and a few small areas of type A near the Douglas-Arapahoe county line. A 

map of soil classifications is included in Appendix B. 

Happy Canyon Creek is UDFCD Project Reuse watershed No. 4609; Badger Gulch is Project Reuse 
watershed #4610. 

The FHAD project area includes Happy Canyon Creek from the confluence with Cherry Creek to the 
northern boundary of the City of Castle Pines; the portion of the Green Acres Tributary in Arapahoe 
County, and Badger Gulch. Approximately 11.3 miles of the Happy Canyon Creek, 0.5 miles of Green 
Acres Tributary, and 4.9 miles of Badger Gulch were included in the hydraulic model.  

Table 2-1 
Major Drainageway Inventory 

Major Drainageway Confluence at Mainstem Reach Length (mi) 

Happy Canyon Creek N/A 12.8 (11.3 modeled) 

Beverly Hills Tributary Reach 2 – Douglas County South 1.2 

Oak Ridge Tributary Reach 3 – I-25 Right-of-Way 1.3 

Oak Hills Tributary Reach 3 – I-25 Right-of-Way 3.0 

Badger Gulch Reach 7 – Grandview Estates 4.9 

Grandview Tributary Reach 7 – Grandview Estates 2.1 

Stonegate Tributary Reach 8 – Compark 2.3 

Green Acres Tributary Reach 9 – Arapahoe County 3.7 (0.5 modeled) 

Italicized entries were not hydraulically modeled in this study. 

2.2  Land Use 

Land use within the Happy Canyon Creek watershed varies considerably by location, from 
agricultural and open space to high-density city center. Existing development conditions are 
generally based on visual assessment of the aerial photography provided by UDFCD, and future 
development conditions are based on information provided by project sponsors and stakeholders, 
including planning documents, zoning, master drainage plans, and direct input. In a few cases, roads 
were identified separately in land use analysis: the I-25 and E-470 corridors are reflected as 50% 
impervious to reflect separation between travel lanes and additional right-of-way included in the 
corridor, while Castle Pines Parkway, RidgeGate Parkway, and Lincoln Avenue are assumed 100% 
impervious (50% build-out of RidgeGate Parkway is reflected in the existing condition). All other 
existing or planned roads are assumed to be accounted for in the impervious values of adjacent 
development. 

The overall existing weighted impervious value for the Happy Canyon Creek watershed is 15.9%. 
Future development is projected to increase watershed imperviousness to 36.3%. The interactive 
hydrology map in Appendix B shows existing and future land use boundaries and impervious values 
(Figures B-1 and B-2). 
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Upper Watershed: West of I-25 
The upper watershed includes approximately one third of the total area and is essentially fully 
developed. The City of Castle Pines is primarily small lot residential, with some medium lot 
residential and a small commercial area along Castle Pines Parkway near I-25. Small lot residential 
developments were grouped by density based on visual assessment, and an average % impervious 
was assigned to each group ranging from 40% to 60%. Undeveloped commercial parcels, golf 
courses, and other open space areas were assigned 2%, school sites were assigned 50%, and 
commercial areas were assigned 80%. Outside of Castle Pines, unincorporated Douglas County is 
dominated by large lot residential. Areas were separated into two groups based on lot size and 
average imperviousness values of 10% and 15% were calculated for the two groups. For future 
conditions, undeveloped areas were assumed to develop according to the surrounding areas. 

The weighted impervious values for the upper watershed are 21.6 % for existing development and 
22.5 % for future development. 

Middle Watershed: I-25 to Lincoln Avenue 
The middle watershed, which represents nearly half of the total watershed area, is largely 
undeveloped. This area will see significant growth, however, within the planned RidgeGate 
development in the City of Lone Tree’s jurisdiction. RidgeGate is a 3500 acre planned development 
that extends from the eastern edge of Lone Tree west across I-25 to Yosemite Street. Land use 
within RidgeGate will run the gamut from an ultra-dense city center just east of I-25 to rural 
residential and dedicated open space. Within the Happy Canyon Creek watershed, future land use is 
based on the PDD document and is largely residential mixed use. Impervious values for the various 

mixed use/residential planning areas were calculated based on maximum allowable ratios of 
commercial and multi-family residential development indicated in the PDD, with 85% applied to 
commercial areas, 80% for multi-family residential, and 50% for single family residential in the 
remaining area. Other land uses and their associated % impervious values within RidgeGate include 
city center (95%), commercial mixed use (85%), institutional (50%), rural residential (15%), central 
community park (10%), and open space (2%). RidgeGate Parkway, which has been constructed at 
half of its ultimate design width, is reflected as 50% impervious in the existing condition and 100% 
in the future. 

South of RidgeGate, unincorporated Douglas County is zoned for agricultural use. This area is slated 
for another planned development, Freshfields, under the same landowner/developer as RidgeGate; 

however, planning for Freshfields has not yet begun and development is not expected to begin until 
RidgeGate is built out. Because that timeline exceeds the expected life of this plan, no future 
development is reflected. 

Several other planned developments are located within the middle watershed. Surrounded on three 
sides by RidgeGate, Meridian Commons is a mixed-use/residential filing of the Meridian 
International Business Center (Meridian). East of Lone Tree, Meridian Filing No. 7 is under active 

development. Sierra Ridge is located along the west side of Chambers Road and is currently 
undeveloped. Future land use for each of these planned developments is based on master drainage 
plans. 

Overall weighted impervious values for the middle watershed are 9.8 % for existing development 
and 36.8 % for future development. 

Lower Watershed: Lincoln Avenue to Cherry Creek 
North of Lincoln Avenue, Happy Canyon Creek bisects Grandview Estates, an established large lot 
residential area in unincorporated Douglas County. Impervious values are set at 15% for both 
existing and future conditions. East of Grandview Estates, Chambers Reservoir is currently under 

construction. For the purpose of this study, the reservoir is assumed complete and is reflected as 
100% impervious. West of Peoria Street lies additional Meridian planned development. 
Undeveloped industrial/business parks are located between Meridian and Grandview Estates. North 
of Grandview Estates, the Compark planned development spans both sides of E-470 to the Douglas-
Arapahoe County line. Portions of Compark north of E-470 are within the Town of Parker; the area 
south of E-470 is a proposed annexation to the Town. Future impervious values for Meridian and 
Compark planned development areas are based on master drainage plans. Industrial/business parks 
are assumed to develop to 80% impervious. 

North of Compark, the Happy Canyon Creek watershed crosses into Arapahoe County. The Dove 
Valley Business Park stretches from the county line to Jordan Road and is largely undeveloped. 
Future development is reflected as 80% impervious. East of Jordan Road, the creek is flanked by 

residential development in the Southcreek subdivision. 

Weighted impervious values for the lower watershed are 19.6% for existing development and 
54.2% for future development.   

2.3 Reach Description 

The Happy Canyon Creek channel character varies widely along its length. The character of each 
segment is heavily influenced by the surrounding land use; because land use varies by jurisdiction, 
the creek is easily divided into nine distinct reaches at the jurisdictional boundaries. A description of 
each reach follows; reach limits are shown in Figures B-1 and B-2.  

Happy Canyon Creek Reach 1 – Castle Pines 
Within the City of Castle Pines, Happy Canyon Creek lies within a dedicated open space corridor 
adjacent to Monarch Boulevard. The channel is generally stable and well-vegetated, with significant 
wetland growth supported by a base flow. Five online regional detention ponds are located within 
Castle Pines on Happy Canyon Creek and its tributaries; the ponds are maintained by the Castle 
Pines North Metro District (CPNMD). The two mainstem ponds are located at Castle Pines Parkway 

MiskellC
Highlight
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Happy Canyon Creek Reach 2 Happy Canyon Creek Reach 3 Happy Canyon Creek Reach 4 

(CPNMD Pond #11) and near the city limit (CPNMD Pond #12). In the lower portion of the reach  
downstream of Pond #12, Happy Canyon Creek has not been stabilized and is experiencing severe 
bank erosion and channel degradation as relatively clear water from the stabilized channel 
upstream enters an unimproved, natural channel. Reach 1 is not included in the FHAD study area. 

Happy Canyon Creek Reach 2 – Douglas County South 
Immediately downstream of Castle Pines, the severe channel degradation observed in the lower 
portion of Reach 1 continues over a distance of approximately 850 feet, then transitions to a 
moderately stable, well-vegetated stream as it passes through large lot development in 
unincorporated Douglas County.  Any future stabilization of the eroded areas will have the potential 
to shift the degradation downstream as it reduces the quantity of sediment being supplied to 
downstream reaches.  UDFCD and Douglas County have implemented a project that constructed 
several low-flow grade control structures downstream of Oak Hills Drive. 

Major crossings include a box culvert at Oak Hills Drive and a small double-barrel CMP culvert at 

Clydesdale Road. Because the channel is located on private property through most of this reach, 
access is limited. 

 

Happy Canyon Creek Reach 3 – I-25 Corridor 
Reach 3 is located adjacent to the west side of I-25 and is overall the most damaged reach of Happy 

Canyon Creek. There is severe erosion downstream of the confluence with the Oak Hills Tributary, 
and the channel is constricted between I-25 and Surrey Drive with steep banks on both sides and 
failed slope paving along the east (I-25) bank. At the downstream end of this reach, bridges allow 
Happy Canyon Creek to cross under I-25 and Havana Street. 

Happy Canyon Creek Reach 4 – Lone Tree South 

East of I-25, Reach 4 is characterized by wide meanders and fairly dense natural vegetation in the 
overbanks. In many areas, the creek is flanked by high bluffs on one side, with an open, gentle 
floodplain on the other. The upper portion of the reach shows moderate channel erosion; this 
transitions to slight aggradation in the middle of the reach. The RidgeGate property is currently used 
for livestock operations; damage to the channel from the cattle is apparent, with trampled banks 
unable to support vegetation immediately adjacent to the channel. The recently constructed 

RidgeGate Parkway crosses the creek via a bridge. 
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Reach 3 Reach 4 

Happy Canyon Creek Reach 5 Happy Canyon Creek Reach 6 Happy Canyon Creek Reach 7 

 

Happy Canyon Creek Reach 5 – Meridian Commons 
Midway between RidgeGate Parkway and Lincoln Avenue, a 2700’ reach of Happy Canyon Creek 

runs adjacent to Meridian Commons, passing back and forth along the property line between 
Meridian Commons and RidgeGate. Though the natural channel character mimics reach 4, this reach 
is fenced off from livestock. As a result, the overall channel health is much improved, with healthy 
wetland vegetation along the low flow channel. This reach was stabilized during development with 
several check structures and a sloping grouted boulder drop structure at the downstream end. 

Happy Canyon Creek Reach 6 – Lone Tree North 
Beyond Meridian Commons, Happy Canyon again runs through Lone Tree in the future RidgeGate 
area to West Parker Road at the city limit. With the continuation of unrestricted livestock access in 
Lone Tree, creekside vegetation is again limited and bank stability suffers. The channel bottom is 
moderately stable with evidence of substantial sediment transport. The crossing at West Parker 
Road is a bridge. Note: West Parker Road, from Lincoln Avenue south in Lone Tree, was renamed to 

First Street in 2012. However, consistent with historical knowledge and most of the available area 
maps, the West Parker Road name has been used throughout this report. 

 

Happy Canyon Creek Reach 7 – Douglas County North (Grandview Estates) 
Beyond West Parker Road, Happy Canyon Creek crosses through a corner of Meridian Village in 

unincorporated Douglas County before passing through the Lincoln Avenue bridge and into 
Grandview Estates. The Meridian Village portion of the reach has been stabilized with two sloping 
grouted boulder drop structures and is in good condition. Grandview Estates is a large lot residential 
development north of Lincoln Avenue in unincorporated Douglas County. A segment of the reach, 
from Lincoln Avenue to Birch Avenue, is located within Douglas County Open Space. The remainder 
of reach 7 crosses private residential lots with no drainage easement and limited channel access. 

There is a bridge crossing at Birch Avenue and a triple 48” CMP culvert crossing at Dogwood 
Avenue. The base flow disappears within this reach, and there is evidence of aggradation in the 
wide, sandy channel bottom. 

Reach 7 was the subject of a 2001 study and initial phase of design by HDR, Inc. for Douglas County 
and UDFCD. The HDR project had “dual goals of flood control and bank and streambed stabilization.” 

At the time, there were numerous flooding concerns related to the Dogwood crossing and the 
Grandview Tributary, as well as channel and bank stabilization issues and aesthetic considerations 
due to debris that had been placed along the banks by the residents in stabilization efforts. Several 
projects have been completed since the HDR study. 
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Happy Canyon Creek Reach 8 Happy Canyon Creek Reach 9 

Happy Canyon Creek Reach 8 – Town of Parker 
Happy Canyon Creek takes a sharp turn to the east as it exits Grandview Estates, and meanders 
widely before crossing under dual bridges at E-470. The dry, sandy bottom continues through this 
reach, and the channel takes a sharp turn to the west before crossing under a bridge at Chambers 
Road. This bend was stabilized with soil riprap toe protection during the Chambers Road bridge 
construction. There is very little if any wetland vegetation in this reach, as there is no base flow to 
support it. Reach 8 is primarily undeveloped at this point, but lies within several planned 
developments. A future bridge crossing for Belford Avenue, just south of E-470, will connect two 
proposed Town of Parker annexations: Compark Village South and Chambers Highpoint, located on 
the west and east sides of the creek, respectively. North of E-470, various filings of Compark are 
located within current Town of Parker boundaries. Drainage tracts and/or easements have been, or 

will be, dedicated throughout the planned developments. The channel invert through Compark has 
been stabilized with drop structures at each crossing and several check structures.  

Happy Canyon Creek Reach 9 – Arapahoe County 
The final reach of Happy Canyon Creek extends from the Douglas-Arapahoe County line to its 
confluence with Cherry Creek. West of Jordan Road, it passes through the Dove Valley Business Park, 
which is largely undeveloped. Channel stabilization measures and an access trail have been 
implemented along one developed parcel that is adjacent to the creek, and there is a sloping grouted 
boulder drop structure upstream of the bridge at Jordan Road. East of Jordan Road, the creek is 
located in a wide Arapahoe County open space tract between two built out residential developments 
that are part of the Southcreek subdivision. Three sloping grouted boulder drop structures and a 
concrete box culvert pedestrian crossing were constructed with the development. 

Happy Canyon joins Cherry Creek just upstream of the Broncos Parkway bridge, within the Cherry 

Creek Valley Ecological Park. Historically, the creek paralleled the east side of Jordan Road for a 
distance before turning to the east toward Cherry Creek. In 1975, the channel was realigned and the 
confluence moved approximately 2000’ upstream to its current location. The channel character in 
reach 9 is unappealing, with its wide sandy bottom, straight alignment, and dry, upland plains 
vegetation. 
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Badger Gulch Reach 2 

Badger Gulch Reach 1 – Upper Watershed 
The upstream limits of Badger Gulch lie less than a half-mile north of Hess Road in Douglas County. 
From the headwaters, Badger Gulch flows in a narrow and winding natural channel. The channel is 
presently stable, though evidence of historic bank erosion and degradation, likely exacerbated by 
past overgrazing, is evident throughout. Much of the upper Badger Gulch reach is inaccessible 
private property. 

Badger Gulch Reach 2 – Meridian Village 
About a mile from the mainstem confluence, the longitudinal grade of Badger Gulch begins to flatten. 
The steep overbanks of the upper watershed give way to flat, rolling grades with relatively little 
evidence of degradation. Within a half-mile of the confluence, Badger Gulch enters an engineered 

trapezoidal channel constructed as part of the Meridian Village development. At the time of the site 
survey, the civil site work had been partially completed and home construction had begun. A new 
channel crossing at Bristleridge Drive was installed as part of the development. 

 

Green Acres Tributary – Arapahoe County 

The Green Acres Tributary within Arapahoe County has a very similar characteristic to Reach 8 of 
Happy Canyon Creek – a dry sandy channel with little to no wetland vegetation. There are no 
crossings of the tributary within the study limits. 

Table 2-2 
Major Crossing Inventory 

Crossing Location Reach Type 

HAPPY CANYON CREEK   

Oak Hills Drive Reach 2 – Douglas County South Double 6’x8’ Box Culvert 

Clydesdale Road Reach 2 – Douglas County South Double 72” CMP Culvert 

Interstate 25 Reach 3 – I-25 Corridor Single Span Bridge 

I-25 Frontage Road Reach 3 – I-25 Corridor Single Span Bridge 

RidgeGate Parkway Reach 4 – Lone Tree South Single Span Bridge 

West Parker Road/First Street Reach 6 – Lone Tree North Double Span Bridge 

Lincoln Avenue Reach 6 – Lone Tree North Triple Span Bridge 

Birch Avenue Reach 7 – Grandview Estates Double Span Bridge 

Dogwood Avenue Reach 7 – Grandview Estates Triple 48” CMP 

E-470 Reach 8 – Compark Two Single Span Bridges 

Chambers Road Reach 8 – Compark Single Span Bridge 

Jordan Road Reach 9 – Arapahoe County Single Span Bridge 

BADGER GULCH   

RidgeGate Parkway Badger Gulch Reach 1 Triple Span Bridge 

Bristleridge Drive Badger Gulch Reach 2 36’ Conspan Arch 

 

2.4  Flood History 

There is limited information on history of flooding along Happy Canyon Creek, though there are 
many published accounts of flooding on nearby Cherry Creek. Much of the Happy Canyon Creek 
channel is located within open space tracts that provide adequate floodplain capacity; areas of flood 
concern are primarily located within Grandview Estates. Residents mentioned various high flow 
events causing overtopping of local streets and/or flood waters approaching their homes over the 
years; the 1993 OSP indicates previous accounts of road overtopping during heavy rainfall events. 
There are no stream gages on Happy Canyon Creek. 

2.5  Environmental Assessment 

Wetland zones are present along much of Happy Canyon Creek, though they markedly decrease in 
the downstream portions of the watershed where there is no base flow. An inventory of wetland and 
riparian areas is included in Appendix E. 

The 1993 OSP includes correspondence from the Colorado Division of Wildlife (DOW) regarding 
wildlife habitat within the watershed. The DOW described three different zones of vegetation with 
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varying wildlife value. The lower zone, from Lincoln Avenue to Cherry Creek, was described as 
relatively dry with sparse riparian vegetation and only marginal wildlife value. The potential for 
creation of wetlands was noted, as the floodplain is wide and open. The middle zone, from I-25 to 
Lincoln Avenue, was described as the most valuable reach for wildlife, with “a broad band of riparian 
vegetation including an abundance of willows and cottonwoods.” The DOW commented on the 
desire to protect this reach in as natural a state as possible, not only for habitat benefit, but also for 
water quality through a meandering riparian ribbon. The upper zone, from Castle Pines to I-25, was 
seen as less valuable to wildlife than the middle zone, with less extensive riparian vegetation in the 
ponderosa pine forest. Wetland vegetation within Castle Pines seems to have increased substantially 
since this time. Overall, the value of maintaining a preserved open space corridor through the 
drainageway was emphasized for the benefit of wildlife habitat. This approach is in line with the 

local jurisdictions’ policies of floodplain preservation and creation of open space corridors. 

No federally threatened or endangered species have been identified within the project area; 
however, a project site-specific review should be conducted prior to implementing any 
recommended improvements. In addition, any work along the creek corridor should consider non-
protected species in the area and avoid impacts during sensitive periods such as nesting/mating 
season. 
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SECTION 3 – HYDROLOGIC ANALYSIS 

 3.1  Overview 

In watersheds where hydrologic models exist, master planning efforts generally utilize the existing 
models as a starting point for baseline hydrology, with revisions made as necessary to reflect 
changes in the watershed and to update the models to current software. For Happy Canyon Creek, 
hydrologic models from the 1993 OSP were provided by UDFCD. Electronic AutoCAD or GIS files 
were not available for the subwatershed delineation. While reviewing and attempting to recreate the 
boundaries based on the Hydrological Basin Map from the 1993 report, it became apparent that a 
number of changes would need to be made in order to reflect recent or upcoming development, 

position design points at desired locations such as detention ponds and road crossings, and to meet 
as closely as possible UDFCD’s guidelines on subwatershed size, which include a target size of 90-
100 acres with a maximum size of 130 acres. As a result, though the 1993 boundaries were used as a 
guide, a new subwatershed delineation was performed. These watersheds were evaluated using 
UDFCD’s Colorado Urban Hydrograph Procedure (CUHP) 2005, version 1.3.3 (release date January 
2010). Hydrographs generated in CUHP were then routed through the Environmental Protection 
Agency’s (EPA) Storm Water Management Model (SWMM), version 5.0.021. Due to the numerous 
changes that would have been needed to reflect the updated delineation, the design team elected to 
create a new SWMM model as well rather than update the previous model. This facilitated numerous 
improvements to the model to make it more user-friendly with the current software, including a 
revised naming scheme for subwatersheds, conveyance elements, and design points; layout of the 
SWMM model elements in the graphical user interface (GUI) over a background image of the 

watershed; and updating SWMM node elevations to match the project mapping. 

Draft baseline hydrology for Happy Canyon Creek was submitted to UDFCD for review in July 2012. 
Comments were received in August, and the final baseline hydrology was resubmitted and accepted 
in October 2012. 

3.2  Design Rainfall 

One-hour point rainfall depths for the 2-, 5-, 10-, 25-, 50-, and 100-year storm events were obtained 
from UDFCD rainfall maps for the project area and compared with the values used in the 1993 OSP. 
Current values are slightly lower than those used in 1993 for all but the 50-year storm, as shown in 
Table 3-1. Because the Happy Canyon Creek watershed is greater than 10 square miles, UDFCD 

criteria require use of a 3-hour storm with area adjustment. In order to calculate the 3-hour storm 
distribution, 6-hour point rainfall depths were also obtained from UDFCD rainfall maps and are 
included in Table 3-1. Design rainfall distributions for both the 2-hour and 3-hour storm were then 
calculated within CUHP based on the distributions identified in the Urban Storm Drainage Criteria 
Manual (USDCM), with the areal adjustment also incorporated into the 3-hour distribution.  

  

Table 3-1 

Point Rainfall Depths 

Storm 
Event 

Rainfall Depth (in) 

One-Hour 
(1993 OSP) 

One-Hour Six-Hour 

2-year 1.06 0.95 1.42 

5-year 1.43 1.40 1.97 

10-year 1.66 1.63 2.26 

25-year N/A 1.98 2.80 

50-year 2.26 2.28 3.06 

100-year 2.60 2.58 3.42 

Table 3-2 
 Area Adjustment Factors 
 

Time 
(min) 

10-20 Square Mile Area Adjustment Factor 

2-, 5-, and 10-Year 
Design Rainfall 

25-, 50-, and 100-Year 
Design Rainfall 

5 1.00 1.00 

10 1.00 1.00 

15 1.00 1.00 

20 0.90 1.00 

25 0.90 0.90 

30 0.90 0.90 

35 1.00 0.90 

40 1.00 1.00 

45 1.00 1.00 

50 1.00 1.00 

55 1.00 1.00 

60 1.00 1.00 

65-120 1.00 1.00 

125-180 1.00 1.00 
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Area adjustment factors for the 3-hour design storm are shown in Table 3-2; rainfall distributions 
for both design storm durations and all return periods are listed in Table B-1, Appendix B. 

3.3  Subwatershed Characteristics 

Subwatershed characteristics were defined according to the revised delineation and current 
mapping and land use information. For each subwatershed, the flow path from the highest point in 
the basin was determined from the project mapping and used to define the length and distance to 
centroid. The length-weighted slope along the flow path was then calculated according to the 
method described in the USDCM. Existing and future imperviousness was determined based on the 
land use assumptions outlined in Section 2.2. Hydrologic soil group classifications were determined 
via the Natural Resources Conservation Service Web Soil Survey, and weighted values were 

calculated for initial and final infiltration rates as well as for the Horton’s decay coefficient. 
Depression losses in pervious and impervious areas were set at 0.5 and 0.1, respectively, to match 
the values used in the 1993 OSP. 

A total of 130 subwatersheds were defined.  Areas ranged from 24 acres to 129 acres, with an 
average size of 86 acres.   

3.4  Hydrograph Routing 

A new SWMM model was created for routing of the hydrographs generated in CUHP. Channel 
geometry was approximated from the project mapping, utilizing 2’ interval topography north of 

Lincoln Avenue and along the main stem south of Lincoln, and 5’ interval topography in the 
remainder of the watershed. Where only 5’ topography was available, channel geometry used in the 
1993 OSP was referenced as well. Pipe elements were defined along tributary channels in locations 
where review of design plans indicated that the channel is or will be piped for long distances. An 
overflow channel was added for the Grandview Tributary from Lincoln Avenue to the confluence 
with Happy Canyon Creek; storm sewer was installed in this reach in 2010, but the capacity is less 

than the 100-year event until a planned detention pond upstream of Lincoln Avenue is constructed. 
All other piped reaches were assumed to carry the 100-year event; pipe diameters were set large 
enough to not constrict flow in the SWMM model. SWMM determines channel slopes based on the 
segment length and elevations of upstream and downstream nodes; node elevations were defined 
based on the project mapping. Manning’s n values were calculated according to the procedures 
outlined in the USDCM. Design points were placed at the downstream end of each subwatershed, 

with additional points included to reflect flow rates before and after the confluence with each 
tributary channel. 

Fourteen existing regional detention ponds have been identified as eligible for inclusion in the 
baseline hydrology. Five of these are located in the City of Castle Pines and are maintained by the 
Castle Pines North Metro District: CPNMD Ponds #9, #10, #11, #12, and #20. Ponds #9 and #10 are 

located on the Oak Hills Tributary, just upstream and downstream of Monarch Blvd, respectively. 
Both ponds are 10-Yr/100-Yr ponds with a reinforced concrete pipe (RCP) flared end section (FES) 
controlling the lower stage and a drop box controlling the upper stage. Design reports and as-built 
drawings were utilized to generate the storage and discharge curves. 

CPNMD Pond #20 is located on the Monarch Tributary, which joins the Oak Hills Tributary near the 
city limit. Pond #20 was constructed as a water quality (WQ)/10-Year/100-Year pond; however, the 
water quality orifice has been removed.  Record drawings and the Phase III Drainage Report were 
used to determine the storage and discharge curves; discharge is based on the current condition (no 
water quality orifice). Pond #20 is UDFCD maintenance eligible; the remaining nine facilities are not. 

CPNMD Pond #11 is located on the main stem of Happy Canyon Creek, just upstream of Castle Pines 
Parkway. This pond was included in the 1993 OSP baseline hydrology, but has been retrofitted since 
that time to a 10-Year/100-Year pond, with three large diameter orifices providing the first stage 
control and a drop box with orifice plates on the three outlet pipes providing second stage control. 
The storage curve was defined based on the 2’ interval project channel topography, and the 
discharge curve was generated with UDFCD’s UD-Detention spreadsheet based on measurements 
and elevations from the project crossing survey. 

CPNMD Pond #12 is located downstream of Pond #11 at the Castle Pines city limit. A weir upstream 
of the outlet seems to provide flow measurement capabilities; the outlet is a quintuple pipe single 
stage outlet. The storage curve was defined based on the 2’ interval project channel topography, and 
the discharge curve was generated with UD-Detention based on measurements and elevations from 

the project crossing survey. 

The Meridian Metropolitan District owns and maintains six ponds located in various filings of the 
Meridian International Business Center. Meridian Village Pond 1 is located just south of Lincoln 
Avenue adjacent to the confluence of Happy Canyon Creek and Badger Gulch. This offline facility has 
three cells that are designed to function as a single pond; the storage curve was taken from the 
Phase III Drainage Report and the discharge curve was generated with UD-Detention based on the 
construction drawings. 

Stepping Stone Ponds D1 and D3 are located on the Grandview Tributary in Meridian Filing No. 7 to 
the south of RidgeGate Parkway/Main Street. These ponds are under construction at the time of this 

report. Storage curves are from the Phase III Drainage Report, and discharge curves were generated 
with UD-Detention based on the construction drawings. 

Meridian Ponds 4A, 4B, and 4C are located on the Green Acres Tributary in Meridian Filings 4/5, 
adjacent to Peoria Street. An interim version of Pond 4A is currently in place, but plans have been 
approved for the expansion and addition of two additional ponds in series. They are included in the 
baseline hydrology because construction is expected to occur during the timeframe of this master 
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plan. Storage and discharge curves are based on information provided in the Phase III Master 
Drainage Report. 

Another facility on the Green Acres Tributary is the E-470 Pond, located immediately upstream of its 
namesake. It is unclear if this facility was intentionally designed as a pond or if it merely provides 
inadvertent storage; the pond is controlled by a 12’x10’ concrete box culvert with no formal outlet 
structure, and provides little peak flow attenuation. However, because the pond was included in the 
1993 OSP baseline hydrology, it has been included in the baseline hydrology for this MDP. 

Finally, the Stonegate Tributary has two online regional detention ponds: the Stonegate Pond and 
the Chambers Reservoir WQ Pond. The Stonegate Pond is located at the southwest corner of Lincoln 

Avenue and Chambers Road. It was initially constructed as a WQ/10-Year/100-Year pond to provide 
treatment for Chambers Road, but is being expanded and converted to full spectrum detention for 
the upstream portion of the Sierra Ridge planned development. The baseline hydrology reflects the 
expanded FSD version of the pond, which is under construction at the time of this report. The  
storage curve was taken from the Phase III Drainage Report, and the discharge curve was generated 
with UD-Detention based on the construction drawings. 

The Chambers WQ Pond is a full spectrum detention pond recently constructed just upstream of the 
in-progress Chambers Reservoir. Storage and discharge curves were taken from the Phase III 
Drainage Report for the Chambers Dam & Reservoir. 

Stage-area and stage-discharge curves for all detention ponds are included in Table B-3, Appendix B. 

For each return period and each development condition, the SWMM model was run with both a 2-
hour and a 3-hour design storm applied uniformly over the entire watershed. Results from the 2-
hour run were used for all design points in all tributary basins and for all main stem design points 
upstream of Badger Gulch. Results from the 3-hour model run were used for all main stem design 
points downstream of Badger Gulch, where the accumulated drainage area exceeds 10 square miles. 

3.5 Previous Studies 

Happy Canyon Creek was previously analyzed in the 1977 FHAD and the 1993 OSP. The FHAD 
included a portion of Badger Gulch and established the regulatory FEMA flow rates. Hydrographs 
were based on a 24-hour design storm with a Type IIA SCS rainfall distribution; peak discharges 

were calculated with the Soil Conservation Service’s computer programs WSP2 and TR20. According 
to the 1993 OSP, the FHAD study assumed fairly uniform land use throughout the watershed, with a 
future development weighted average of 20% impervious. The study extended upstream to I-25. 

The 1993 OSP utilized 2-hour and 3-hour design storms. Hydrographs were generated with the PC 
version of CUHP and routed through UDSWM2-PC. The future development imperviousness was 

28%. The two design storms were applied differently in the OSP than in this study: the 3-hour storm 
results were used for all main stem design points, including those above Badger Gulch. 

Table 3-4 includes peak flow rates from both studies. Regulatory flow rates in Douglas County 
mirror the FHAD. The Arapahoe County FIS lists a single flow rate of 3690 cfs for the 100-year event 
on Happy Canyon Creek. The source of this flow rate is unknown: it does not match any known 
studies, and documentation within the FIS is unclear. Examination of the FEMA effective mapped 
floodplain within Arapahoe County at the confluence of Cherry Creek with Happy Canyon Creek 
indicates that it is based on the 1993 OSP future development condition, which has a 100-year peak 
of 7303 cfs. 

3.6 Model Calibration 

Standard practice for master planning studies on previously studied watersheds includes calibration 
of the hydrologic model to reconcile the results within 10% of the previously published data. This 
practice ensures that changes in baseline hydrology are due to changes within the watershed or 
updates to criteria rather than differences in software. Calibration is generally done through 
adjustment of Cp and/or Ct values in CUHP, which impact the peak flow rates and the time to peak, 
respectively. This study targeted the 1993 OSP existing condition peak flow rates for reconciliation. 
A calibration model was prepared that mimicked the 1993 existing conditions impervious values 
and utilized the same 100-year 2-hour and 3-hour rainfall distributions as the 1993 OSP. Initial 
results were significantly higher, with a downstream 100-year peak of 7500 cfs vs. 5279 in the 1993 
OSP. The models compared favorably upstream of the Oak Hills Tributary. Because this study 

utilized newly created models rather than modifications of the previous models, the 1993 CUHP and 
SWMM data was converted to the current software utilizing UDFCD’s CUHP SWMM Converter. This 
converted model indicated a downstream peak flow rate of 6200 cfs, indicating that the difference is 
partially attributed to software differences and partially attributed to the model construction, which 
may include differences in watershed discretization, definition of subwatershed parameters, or 
definition of SWMM element parameters. An overall review of subwatershed and SWMM element 
parameters was conducted to verify that no large-scale, persistent differences existed between the 
1993 and current models; the two seemed comparable. 

As another point of reference, results were compared with the unit peak flow rates for Cottonwood 
Creek as published in a 2010 OSP. The Cottonwood Creek watershed abuts the Happy Canyon Creek 
watershed to the north and has similar characteristics to the Happy Canyon Creek watershed. To 

avoid differences based on development conditions and detention in the watershed, the historic 
conditions Cottonwood Creek model was used for comparison; this model reflects 2% impervious 
throughout the watershed and no detention facilities. (Weighted average imperviousness for the 
1993 existing conditions model is 5.4%). Cottonwood Creek’s watershed area is approximately 8 
square miles, so the peaks are based on a 2-hour design storm with no areal adjustment. Unit peak 
flows for Cottonwood Creek were determined based on accumulated drainage area, then applied to 
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the drainage area at various design points on Happy Canyon Creek and plotted against 2-hour design 
storm results for the calibration model. This comparison indicated a difference of 10-15% between 
the Oak Hills Tributary and Badger Gulch, with good correlation upstream of the Oak Hills Tributary. 

At the direction of UDFCD, Cp values were adjusted in CUHP for all subwatersheds except those 
contributing to the design point immediately upstream of the Oak Hills Tributary confluence. Several 
trials indicated that an adjustment factor of 0.65 (multiplied with the normal calculated Cp values) 

provided good correlation between the 2-hour design storm calibration model and the Cottonwood 
Creek historic conditions model. This factor was then applied to the 3-hour design storm and the 
results compared with the 1993 OSP published values. The calibrated model peak flow rates range 
from 25% lower than the 1993 OSP at the upstream end of the watershed to 22% higher at the 
downstream end of the watershed. Results of the calibration effort are indicated in Table 3-3; a peak 
flow diagram of the various models utilized is included at the end of Appendix B. 

 

Table 3-3 
Model Calibration 

      Cottonwood 
OSP unit 
peak for 
similar 

drainage 
area 

A B C D E   F   G   

Station Location 
Tributary 

Area 

1993 
Published 

Values 

1993 
Model, 

Current 
Software 

Unadjusted 
Calibration 

Model  
(3-Hour) 

Unadjusted 
Calibration 

Model  
(2-Hour) 

Cottonwood 
OSP 

equivalent 
peaks 

Delta 
 (D-E)/E 

Calibrated 
Model  

(2-Hour) 
Delta 

 (F-E)/E 

Calibrated 
Model  

(3-Hour) 
Delta 

 (G-A)/A 

(ft)   (ac) (cfs/ac) (cfs) (cfs) (cfs) (cfs) (cfs) (%) (cfs) (%) (cfs) (%) 

0 Cherry Creek 
  5279 6200 7501 9650   8589  6750 28% 

2600 Green Acres Tributary (D/S) 
  

5357 6262 7514 9666 
  

8590 
 

6752 26% 

2600 Green Acres Tributary (U/S) 
  

4940 5710 6903 8875 
  

7866 
 

6182 25% 

10500 Stonegate Tributary (D/S) 
  

4961 5735 7005 9011 
  

7979 
 

6269 26% 

10500 Stonegate Tributary (U/S) 
  

4961 5735 6896 8865 
  

7848 
 

6167 24% 

16200 Grandview Tributary (D/S) 
  

4939 5626 6847 8804 
  

7774 
 

6109 24% 

16200 Grandview Tributary (U/S) 
  

4939 5626 6523 8374 
  

7388 
 

5812 18% 

20100 Badger Gulch (D/S) 
  

4705 5355 6467 8302 
  

7319 
 

5756 22% 

20100 Badger Gulch (U/S) 
  

3831 4350 5057 6494 
  

5813 
 

4565 19% 

22600 
   

3831 4350 5055 6491 
  

5811 
 

4562 19% 

32000 RidgeGate Parkway 5233 1.08 3873 4241 4831 6191 5652 10% 5519 -2% 4337 12% 

43600 I-25 4209 1.15 3922 3947 4324 5511 4840 14% 4889 1% 3854 -2% 

46100 Oak Hills Tributary (D/S) 3965 1.15 3733 3784 4155 5289 4560 16% 4699 3% 3706 -1% 

46100 Oak Hills Tributary (U/S) 2014 1.37 2318 2352 2085 2699 2759 -2% 2699 -2% 2085 -10% 

54500 Oak Hills Drive 
  

1780 1694 1765 2279 
  

2279 
 

1765 -1% 

54500 
   

1185 1059 1238 1616 
  

1616 
 

1238 4% 

61000 Castle Pines Parkway 
  

835 723 762 968 
  

968 
 

762 -9% 

62500 Pond 353 Outflow 
  

385 327 344 414 
  

414 
 

344 -11% 

62500 Pond 353 Inflow     688 470 548 766     766   548 -20% 

Note: all peak flow rates shown are based on a 100-year storm and 1993 existing development conditions. 
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3.7 Results of Analysis 

Once the calibration effort was completed, the model was updated to reflect current existing and 
future development conditions, current rainfall point values and distributions, and to incorporate 
existing regional detention facilities described in Section 3.4. Happy Canyon Creek was then 
analyzed for the 2-, 5-, 10-, 25-, 50-, and 100-year storm events under existing and future 
development conditions, and with both 3-hour and 2-hour design storms. Peak flow rates at each 
design point are listed in Table B-4. Runoff volumes and accumulated drainage areas at key locations 
are listed in Tables B-5 and B-6. Hydrographs at key locations for the 2-year and 100-year events are 
shown in Figures B-6 and B-7. Peak flow profiles for all storm events on the main stem of Happy 
Canyon Creek are shown in Figures B-8 and B-9. All tables and figures reflect 3-hour storm results 
downstream of Lincoln Avenue (confluence with Badger Gulch) and 2-hour storm results for the 

remainder of the watershed. 

Table 3-4 summarizes the results in comparison to the previous studies. The current study indicates 
peak flow rates averaging 25% higher than the 1993 OSP. Upstream of Lincoln Avenue, this is 

primarily due to the use of a 2-hour design storm versus the 3-hour design storm used in the 1993 
OSP. Downstream of Lincoln Avenue, both studies use a 3-hour design storm; higher peak flow rates 
are due in part to the increases seen in the calibration effort, described above, and in part to the 
increased development projections (future imperviousness of 28% in the 1993 OSP versus 36% in 
the current study.) 

In comparison with the 1977 FHAD, the current study predicts nearly 40% greater peak flow rates. 
These differences are attributed primarily to the different design rainfalls used (SCS 24-hour rainfall 
distribution in the FHAD versus 2-hour and 3-hour storms per current USDCM guidelines) and to the 
increased development projections (20% future imperviousness in the FHAD versus 36% in the 
current study). 
 
 
 

 
Table 3-4 

Comparison to Previous Studies 

        1977 
FHAD 

100-Yr 

1993 OSP Current Study     

Location 

FHAD 
Cross 

Section 

OSP 
Design 
Point 

Current 
Design 
Point 

2-Yr 
Existing 

100-Yr 
Existing 

2-Yr 
Future 

100-Yr 
Future 

2-Yr 
Existing 

100-Yr 
Existing 

2-Yr 
Future 

100-Yr 
Future 

% Increase 
from 1993 

OSP* 

% Increase 
from 1977 

FHAD* (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

Cherry Creek 60 228 HC999 6744 63 5279 741 7303 322 8161 836 9234 26% 37% 

Jordan Road 56 217 HC036 6800 73 5357 741 7344 326 8166 828 9228 26% 36% 

E-470 49 213 HC033 5700 89 4961 467 6523 309 7702 652 8474 30% 49% 

Dogwood Ave / Grandview Trib 43 208 HC029 5650 97 4939 428 6390 313 7502 624 8245 29% 46% 

Lincoln Avenue D/S of Badger Gulch 33A 207 HC026 5520 102 4705 346 6044 311 7079 572 7663 27% 39% 

Lincoln Avenue U/S of Badger Gulch 33 190 HC025 4070 103 3831 231 4729 316 5897 465 6247 32% 53% 

RidgeGate Parkway 11 186 HC021 4240 118 3873 224 4771 370 5555 452 5726 20% 35% 

I-25 3 179 HC016 4390 139 3922 227 4739 407 4899 433 4920 4% 12% 

Oak Hills Tributary 
 

160 HC014   141 3733 222 4527 407 4700 430 4708 4%   

Oak Hills Drive 
 

172 HC009   117 1780 119 2030 352 2598 372 2591 28%   

Castle Pines Parkway (1300' N)   165 HC004   85 835 85 910 251 1259 251 1259 38%   

             

*Comparisons are based on 
100-Yr Future development 
conditions 
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3.8 Comparison of Existing and Future Development Conditions 

It is FEMA policy that Floodplain Insurance Rate Maps (FIRMs) reflect watershed conditions at the 
time the study is conducted, not projected future conditions. However, it is UDFCD policy to prepare 
FHADs based on future development conditions in order to guide the limits of development along 
major drainageways. FEMA will accept hydrologic studies based on future development if the 
following criteria are met: 1) the future development peak flow rate exceeds the existing condition 
peak flow rate by no more than 30-percent, and 2) the water surface elevation (WSEL) generated by 
the future development peak flow rate exceeds the WSEL of the existing condition peak flow rate by 
no more than 0.5-feet. If these criteria are not met, the floodplain mapping set forth in the FHAD 
cannot be submitted for acceptance by FEMA, and a separate DFIRM analysis must be conducted 
based on the existing development conditions. 

Comparison of the existing and future development peak flow rates for Happy Canyon Creek and 
Badger Gulch indicate that the future development peak flow rates never exceed the existing 
development peak flow rates by more than 30-percent. Estimated future development WSELs 
remain within 0.5-feet of existing development WSELs along most of the study length, with minor 
and sporadic exceedances at the downstream end of Happy Canyon Creek, between Chambers Road 
and the Cherry Creek Confluence. This information was presented to the project sponsors at the 
progress meeting in August 2012. The project sponsors determined that the results are within the 
guidelines, such that a separate DFIRM analysis is not required for regulatory purposes. 

The comparison figure for the 30-percent and 0.5-foot criteria has been included in Appendix C. No 

separate hydraulic analysis was conducted using the existing conditions flowrates. 
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SECTION 4 – HYDRAULIC ANALYSIS 

4.1  Overview 

Hydraulic modeling and floodplain delineation was performed for 11.3 miles of the Happy Canyon 
Creek mainstem and 4.9 miles of Badger Gulch. The United States Army Corps of Engineers (USACE) 
maintains the Hydraulic Engineering Center (HEC) which publishes the 1-D hydraulic modeling 
software River Analysis System (HEC-RAS). The most recent version of the software, 4.1.0 dated 
January 2010, was used for the hydraulic analysis. Results of the HEC-RAS analysis have been 
published in tabular form as the Floodplain and Floodway Data Tables in Appendix D. Flood maps 
showing the 100- and 500-year floodplains based on the HEC-RAS output have been included in 

Appendix F. Flood profiles based on the same output have been included in Appendix G. 

4.2  Evaluation of Existing Facilities 

The Happy Canyon Creek and Badger Gulch channels are generally well-defined, resulting in few 
problems related to capacity. Areas with poorly defined or insufficient conveyance are generally 
confined to the mainstem channel downstream of Lincoln Ave. The area of Grandview Estates, in 
particular, was noted as having an undersized channel, resulting in many structures in the floodplain 
(see Section 4.3).  

Channel capacity was determined by modeling the channel in HEC-RAS using 502 cross-sections at 
an average spacing of 180-feet. Pursuant to the UDFCD DFHAD Guidelines (July, 2012), the Happy 

Canyon Creek and Badger Gulch centerlines uniformly follow the low-flow path rather than the 
floodplain flow path. In most cases the two are coincident; however, in areas where the main path of 
major flood flows differs from the low-flow centerline, the reach lengths are conservatively 
estimated based on the longer low-flow path. With the exception of an area of particular sinuosity 
south of RidgeGate Parkway, distances between adjacent cross-sections do not exceed 500-feet, in 
accordance with the requirements of the DFHAD Guidelines (July, 2012). In the area noted, cross 
section spacing was increased to simplify the modeling at UDFCD’s request. Left and right overbank 
reach lengths were determined initially with the aid of software, and have been adjusted as 
necessary, particularly in areas with sharp channel radii.  

Bank stations have been set to model a narrow (typically 10 to 15-feet wide) main channel with 
vegetated overbanks in most locations, so that the channel typically conveys the 2-year flow or less 

before spilling into the overbanks. While an effort was made to keep the horizontal layout of the 
hydraulic cross-sections straight, some cross-sections were “bent” at one or more locations to 
remain generally perpendicular to the centerline alignment and the overall flood flow areas in highly 
meandering reaches. In some cases, the BFE lines are shown “bent” to reflect the prevailing direction 
of overbank flows. 

Ineffective flow areas were added as indicated by the presence of structures or the surrounding 
topography of the channel. Contraction and expansion coefficients are typically 0.1 and 0.3, 
respectively, however, these values were increased to 0.3 and 0.5 adjacent to many hydraulic 
structures. Cross-sections surrounding the hydraulic structures were placed so as to model the 
expansion and contraction losses into the structure in accordance with the HEC-RAS Hydraulic 
Reference Manual (typically a 2:1 expansion and 1:1 contraction). Hydraulic structures were 
incorporated based on the ground survey information. 

Portions of mainstem Happy Canyon Creek and Badger Gulch are sandy, ephemeral streams, with 
poor density and quality of stream-side vegetation. With the anticipation of a more consistent base 
flow and the associated increase in vegetation, Manning’s ‘n’ values were generally selected on the 

high end of typical ranges. This will allow for minimal future maintenance requirements to sustain 
conveyance capacity while providing for a healthier stream corridor. In areas where capacity is 
limited, lower to mid-range ‘n’ values were selected in consideration of the additional maintenance 
that may be performed to maintain conveyance capacity. 

Figure 4-1 shows an area where healthy existing vegetation was modeled with no adjustment to the 
roughness values. Figures 4-2 and 4-3 show the lower watershed where the roughness values were 
increased slightly to account for a more stable existing infrastructure. A summary of the selected ‘n’ 
values along with a description of each reach has been provided in Appendix C. 
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Figure 4-1 - Reach 2 – Douglas County South 
Meandering with slight incision. Dense, healthy vegetation with 
some vertical banks. 
Manning’s ‘n’: 0.1 (overbank) / 0.05 (channel) 

Figure 4-2 - Reach 4 – Lone Tree South 
Overgrazed area with sparse short vegetation 
Mid-Range Manning’s ‘n’: 0.035 (overbank) / 0.03 (channel) 
High-Range Manning’s ‘n’: 0.045 (overbank) / 0.035 (channel) 

Figure 4-3 - Reach 8 – Town of Parker 
Sparse, bunchy vegetation with sandy, aggraded low-flow 
Mid-Range Manning’s ‘n’: 0.03 (overbank) / 0.03 (channel) 
High-Range Manning’s ‘n’: 0.04 (overbank) / 0.035 (channel) 
 

Bridges and culvert crossings were modeled in HEC-RAS using the bridge routine. A total of fourteen 
major roadway crossings and three minor crossings were identified and surveyed within the study 
reach. Two of the major crossings are on Badger Gulch, and the remainder are at various locations 
along the mainstem. Of the seventeen identified crossings, sixteen were modeled using HEC-RAS 
bridge or culvert routines. The exception is the E-470 trail crossing, which is a low-flow crossing 
consisting of (2) 24” CMP culverts beneath a concrete trail. These culverts tend be largely blocked 
due to accumulated debris; the channel cross section at 10749 was set based on the concrete trail 
elevation, and no conveyance through the culverts was considered. Bridge and culvert modeling 
routines are based on ground survey points and measurements, and supplemented by 
measurements and observations during a field visit in October 2012. Major structure capacities are 
summarized in Table 4-1. Additional information regarding spill flow analysis at overtopping 

structures can be found in Section 4.3, below. 

Floodplain delineation was accomplished with the aid of terrain modeling software. The hydraulic 
cross-sections were exported to a HEC-RAS GIS file (.sdf), with each of the cross-sections at the 
appropriate WSEL (either 100-year or 500-year). The terrain modeling software was used to 
interpolate water surface elevations between the hydraulic sections, and this information was then 

translated into a floodplain boundary. The delineation was reviewed and adjusted by hand where 
necessary. 

The floodway locations were discussed with the project sponsors prior to the preliminary submittal. 
Since the majority of Happy Canyon Creek is contained in a well-defined channel, floodways have 
generally been set coincident to the floodplain with no additional analysis performed. In certain 
areas of overbank flooding (particularly within the Grandview Estates development), separate 
floodways have been computed. In these areas, the floodway was delineated for a 0.5-foot rise for 
both hydraulic grade line and energy grade line.  

Floodway analysis on Badger Gulch was conducted in one area: downstream of Bristleridge Drive in 

the vicinity of a detention pond adjacent to the channel. No separate floodway analysis was 
conducted for the Green Acres Tributary. 
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Table 4-1 
Capacity of Major Structures 

  Structure Overtopping 

Location Station I.D. Description 10-Yr 50-Yr 100-Yr 500-Yr 

HAPPY CANYON CREEK        

Jordan Rd. 2600 23 Single 100-ft Span Concrete Bridge   x4 x4 
Chambers Rd. 7300 22 Single 100-ft Span Concrete Bridge    x1 

E-470 10500 21 Single 132-ft Span Concrete Bridge     

Dogwood Ave. 15800 19 Triple 48” CMP x1 x x x 

Birch Ave. 18500 18 Double 34-ft Span Steel Bridge   x x 

Lincoln Ave. 20080 17 Triple 42-ft Span Concrete Bridge   x2 x2 

W. Parker Rd. 21250 16 Double 57-ft Span Concrete Bridge  x x x 

RidgeGate Pkwy. 32000 14 Single 135’ Span Concrete Bridge     

Havana St. 43200 13 Single 111’ Span Concrete Bridge     

I-25 43400 12 Single 62’ Span Concrete Bridge    x3 

Clydesdale Road 48100 11 Double 72” CMP x1 x x x 

Oak Hills Drive 54950 10 Double 8’ x 6’ CBC  x x x 

BADGER GULCH        

Bristleridge Dr. 132400  Single 36’ Conspan Arch    x 

RidgeGate Pkwy. 138100  Triple 72-ft Span Concrete Bridge     

Notes: 

1.   Indicates minor overtopping with ponding on top of the structure. 

2.   Overtopping flows proceed east into the Meridian Detention Ponds before spilling onto Lincoln Ave. 

3.   Shallow flooding onto I-25 (unlikely IEFA due to traffic barrier). No overtopping of roadway crown. 

4.   Overtopping south of bridge caused by a side spill in the channel upstream; bridge capacity is adequate. 

 

4.3  Flood Hazards 

In areas where a portion of the channel or existing crossing structure was determined to possess 
insufficient capacity for any of the peak flow profiles, a special hydraulic analysis was performed to 
determine the approximate extent and peak volume of the overtopping. This analysis consisted of 
either a spill flow HEC-RAS model, open channel and weir flow calculations, or a visual 
approximation of the spill flow extent for minor spill areas. The results of the flood hazard 
investigation can be grouped broadly into categories: 1) overtopping, for localized overtopping of a 
bridge, culvert, or embankment, and 2) side spill, generally in areas with insufficient main channel 

capacities. The paragraphs below summarize each flood hazard area identified. The results of the 
special analyses used to predict the overtopping potential of each hazard area have been included in 
Appendix C. 

Areas of Overtopping: 
• Chambers Rd., Sta. 73+00: 500-year ponding approaches the roadway crown but does not 

overtop the road.  

• Dogwood Ave., Sta. 159+00: The crossing is severely undersized, with capacity estimated at 
less than the 2-year event. 

• Birch Ave., Sta. 185+00: The existing bridge is overtopped in flood events exceeding the 50-

year return interval. The 100- and 500-year events overtop the bridge just to the west of the 
bridge rail. The 500-year also spills to the east along Birch Ave., and fills a sump just south of 
the road. The flow will also overtop 3rd St. and proceed northeast, reconnecting with the 
floodplain near Dogwood Ave. A normal depth model was created to determine the amount of 
overtopping east of the mainstem, using a headwater taken from the mainstem HEC-RAS 
model. 
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• Lincoln Avenue, Sta. 202+00: There is an existing pond spillway approximately 50-feet 
upstream of the Lincoln Avenue bridge. The existing bridge is a hydraulic constriction, 
causing significant backwater in the 100- and 500-year events. There is also a major 
detention facility east of the bridge crossing (part of the Meridian Village development), with 
an emergency spillway discharging into Happy Canyon Creek just south of the bridge 
opening. The 100- and 500- year WSELs in Happy Canyon exceed the elevation of the 
emergency spillway, and will cause a backwater into the pond at peak flows. Though the 
narrow width of the spillway weir may limit the ability for the WSELs to fully equalize, a 
major event on Happy Canyon could damage the embankment and therefore allow 
equalization to occur. In anticipation of this scenario, the channel overbank south-east of the 
Lincoln Avenue bridge has been modeled as effective conveyance, and an overtopping weir 

has been set between Lincoln Avenue and the existing pond. This overtopping weir follows 
the pond embankment east of Happy Canyon to the Meridian Village Parkway intersection. 
Overtopping flows in the 100- and 500- year events will spill through the pond and over the 
Lincoln Avenue embankment, before rejoining the Happy Canyon mainstem to the north. No 
existing structures were identified within the path of overtopping. 

• West Parker Road, Sta. 212+50: The existing bridge is offset from the location of the existing 
low point in the roadway profile. In the 50-year peak flow and above, overtopping flows will 
cross the roadway north of the bridge crossing and spill back into the mainstem. 

• North Clydesdale Road, Sta. 481+00: The crossing is severely undersized for the 10-year peak 
flowrate and above. The steep roadway fill slope is susceptible to erosion should overtopping 

occur. 

• West Oak Hills Drive, Sta. 550+00: The crossing is undersized for the 50-year peak flow and 
above. Overtopping flows will spread into the open field to the east of the mainstem before 
spilling back into the mainstem farther north. 

• Bristleridge Drive, Sta. 1324+00: The Conspan arch located under the crossing conveys the 
100-year peak flows. The road overtops in the 500-year peak flow. 

Areas of Channel Overflow or Side Spill: 
• Left Overbank near Southcreek Residential Development, Station 15+00: Channel overflow 

occurs in the 500-year storm near the southwest end of the neighborhood. The overflow was 
determined by analyzing the ineffective flow area in the left overbank at Cross Section 1500 
in HEC-RAS. Given this area and the velocity in the channel at this section, hand-calculations 
determined that an approximate flow of 57 cfs spills onto Joplin Court beginning at Station 
17+00. The 500-year overflow was delineated based on topographic data from the GESC 
plans for “South Creek Filing No. 7”, completed in May 2005 by Carroll & Lange, Inc. Shallow 

flooding is conveyed along Joplin Court until it spills northwest onto Broncos Parkway at 
Station 6+00. 

• Right Overbank at the Joint Water Purification Plan (JWPP), Station 35+00: Recent channel 
improvements in this area post-date the 2008 LiDAR survey. Additional ground survey was 
obtained to model a new concrete trail, a small floodwall, and the Happy Canyon Creek 
channel cross-section. In addition, overlot grading of the parcel and paved access roads to the 
treatment plant were added to the model using design plans for “Dove Valley V, Filing No. 2” 
provided by SEMSWA. The Happy Canyon Creek thalweg based on the ground survey was 
found to be 1.0 to 1.5-feet lower than the LiDAR mapping had indicated. Channel overflow 
occurs in the 100- and 500-year storms. Overflow was computed using a lateral weir in HEC-

RAS following the profile of high ground in Dove Valley design plans. The 100-year flow is 
relatively minor and does not appear to threaten the treatment plant structure. Shallow 
flooding will proceed east across Jordan Road. The 100-year flooding ponds at the bottom of 
the sag vertical curve in Jordan Road, while the 500-year shallow flooding proceeds east 
down Nichols Avenue 

• Grandview Estates, Sta. 130+00: In the 100- and 500-year peak flows, 5th Street will overtop 
and shallow flooding will occur in a low area east of the mainstem. Shallow flooding was 
computed using normal depth calculations for the overflow channel based on the starting 
WSEL from HEC-RAS. The limits shown in the flood maps reflect these normal depths. 

• Interstate 25, Sta. 435+00: The channel will overflow to the north just upstream of I-25 in the 

500-year peak flow. Shallow flooding was computed using weir calculations based on the 
headwater in the channel at the overflow location. The overtopping flow is distributed to a 
series of three cross culverts north of the Happy Canyon bridge; it is then conveyed through 
the culverts under I-25 to rejoin the Happy Canyon floodplain. 

Threatened Structures: 
Structures showing a high probability of inundation during the 100- or 500-year peak floods have 
been identified on the flood maps with a red or purple hatch. Many of the threatened structures 
were not surveyed; therefore, the delineation is approximate based on the LiDAR or aerial 
topography available. A summary of structures threatened by a 100-year event is included as Table 
C-4 in Appendix C. 

Flooding hazards from other sources not studied as part of this FHAD may threaten structures 
within the study area. In particular, the Grandview Tributary is mapped as Zone X (shaded) between 
Birch Avenue and Dogwood Avenue, just east of the mainstem. The flooding hazards from the 
Grandview Tributary, as well as other named and unnamed tributaries within the watershed, have 
not been identified in this FHAD. 
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4.4  Previous Analyses 

The WSEL obtained from the preliminary FHAD HEC-RAS model was compared to the following 
studies. See the accompanying documentation for copies of the comparison tables. 
 

 FEMA regulatory WSEL at Sections A thru AB: The regulatory elevations were taken from the 
latest Douglas County FIS study, except for XS R through AB, which were modified by a LOMR 
in 2006 and were taken from a copy of that LOMR report (FEMA Case No. 06-08-B443P). The 
horizontal locations of the regulatory sections were determined from GIS data provided by 
Douglas County, and are shown on the floodplain maps in Appendix F. The FHAD study water 
surfaces are generally 1.0 to 1.5-feet over the FIS water surfaces due to the increase in peak 
flow rates in the current study. The largest differences in water surface occur at regulatory 
Sections K and X (FHAD Study XS 15746 and 21209). Both sections are located close to road 
crossings: Section K is directly downstream of the Dogwood Crossing, and Section X is 
similarly located downstream of the West Parker Road/First Street crossing. These increases 
in water surface elevation are likely attributable to an increase in peak flowrates between 
studies, as discussed in Section 3. 
 

 2011 RidgeGate Parkway Badger Gulch LOMR (11-08-0846P): The LOMR for the RidgeGate 
Parkway Crossing of Badger Gulch was performed in 2011 by FHU, Inc. Except for 
immediately downstream of the RidgeGate Parkway bridge, the FHAD water surface 
elevations are generally 0.5-feet to 1.5-feet lower than the corresponding LOMR water 
surfaces. The differences are attributable to the reduced peak flowrates modeled in the FHAD 
study. The LOMR used a peak Q100 = 1,870 cfs, while the FHAD study peak Q100 is between 
1,531 cfs and 1,571 cfs within the LOMR project reach. 

 
 2011 RidgeGate Parkway Happy Canyon Creek Mainstem LOMR (11-08-0846P) : The LOMR 

for the RidgeGate Parkway Crossing of Happy Canyon Creek was performed in 2011 by FHU, 
Inc. A comparison with the FHAD shows the FHAD water surface elevations generally exceed 
the LOMR WSELs by several feet. The FHAD peak 100-year flowrates at the RidgeGate 
Crossing are more than 1,400 cfs higher than the LOMR flowrates; the increased flowrates 
account for much of the difference. The greatest difference in water surface occurs at the 
upstream face of the RidgeGate bridge.  It should be noted that the FHAD model indicates the 
RidgeGate bridge will have still have ample (over 8-feet) freeboard in the 100-year event. 
 

 2006 Grandview Estates LOMR (06-08-B443P): The LOMR for channel improvements in the 
Grandview Estates reach was completed by ICON Engineering in 2006. A comparison with 
the FHAD shows the FHAD water surface elevations exceed the LOMR by between 0.5 and 
3.0-feet. These differences are primarily attributable to the increase in peak flowrates 
(approximately 50% higher than the FIS).  







APPENDIX F

DRAINAGE MAP
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