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ENGINEER’S CERTIFICATION

This report and plan for the drainage design of the Project Lowry was prepared by me (or under
my direct supervision) in accordance with the provisions of City of Aurora Storm Drainage Design
and Technical Criteria and was designed to comply with the provisions thereof.

Michael Hart, P.E.
Registered Professional Engineer
State of Colorado No. 58724



Project Lowry
Preliminary Drainage Report

3 | P a g e

TABLE OF CONTENTS

INTRODUCTION ............................................................................................................ 4
LOCATION ..................................................................................................................... 4
PROPOSED DEVELOPMENT ............................................................................................ 4
CHANGES TO MDR ........................................................................................................ 4
VARIANCES ................................................................................................................... 4

HISTORIC DRAINAGE ................................................................................................... 5
DESCRIPTION OF PROPERTY AND DRAINAGE BASIN ......................................................... 5

DESIGN CRITERIA ........................................................................................................ 5
HYDROLOGIC CRITERIA .................................................................................................. 5
HYDRAULIC CRITERIA .................................................................................................... 6

DRAINAGE PLAN .......................................................................................................... 6
GENERAL CONCEPT ....................................................................................................... 6
SPECIFIC DETAILS ......................................................................................................... 8

CONCLUSIONS ........................................................................................................... 18
COMPLIANCE WITH STANDARDS.................................................................................... 18
SUMMARY OF CONCEPT ............................................................................................... 18

LIST OF REFERENCES ............................................................................................... 18

Appendix A – NRCS Soils Report and FEMA Floodplain Map
Appendix B – Preliminary Hydrologic Calculations
Appendix C – Preliminary Hydraulic Calculations
Appendix D – Inlet Calculations (to be included with FDR)
Appendix E – Relevant Report Excerpts
Appendix F – COA Drainage Report Checklist



Project Lowry
Preliminary Drainage Report

4 | P a g e

INTRODUCTION

Location
The Site is located on Tower Road, situated in the south half of Section 33, Township 3 South,
Range 66 West of the 6th Principal Meridian, City of Aurora, County of Adams, State of Colorado.
The proposed expansion is located on the west and north side of the existing Kroger Distribution
Center, and a new building is proposed south of the existing building. The Site is bounded by
businesses to the north, an industrial distribution center to the south, and the Woodshire East
residential community to the west. The ±16.6 acre project site is currently developed, consisting
of existing buildings, parking lots, drives and native grasses in pervious areas.

A vicinity map is provided below for reference (north is up):

Proposed Development
The Proposed project (the ‘Site’ or ‘Project’) is made up of improvements located immediately
west, north and south of the existing distribution center. The development proposes to expand
the existing distribution center on the north and west sides. South of the existing facility, a new
salvage building is proposed with parking, drives and landscaping around the structure.

Preliminary Drainage Report shall be approved prior to receiving Civil Plan approval.

Changes to MDR
There is no approved MDR associated with this Project; however, the existing ponds designed
with the Original Report have been analyzed using the currently adopted City Criteria.

Variances
No variances are requested at this time.
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HISTORIC DRAINAGE

Description of Property and Drainage Basin
The project site is currently developed. The site is generally sloped varying between 0% - 4%.
Runoff from the existing site drains away from the existing structures splitting to the north and
south towards the existing concrete channels within easements along the north and south
property lines. There are two existing ponds on-site that were previously designed and
constructed with Lot 1, Block 1 Associated Grocers of Colorado Subdivision, Filing No. 1 Final
Drainage Report (the ‘Original Report’, EDN 218104). The existing North Pond constructed with
the Original Report will be referred to as Existing Pond A, and the South Pond will be referred to
as Existing Pond B within this report. The existing ponds will be utilized for water quality and
detention treatment for runoff generated as part of this project and is further described within this
report.

An NRCS soil study for the project area was obtained to determine the soil characteristics of
the site, showing that 47.8% of the site is soil type A, and 52.2% of the site is soil type B. The
NRCS study can be found in Appendix A of this report.

The Site is not part of any Master Drainage Report, but this report is an amendment to the
approved Final Drainage Report for the Associated Grovers of Colorado Filing No. 2 (the ‘Original
Report’, EDN 218104). Excerpts of this approved final drainage report have been included in
Appendix E.

The site is located within FEMA Flood Insurance Rate Map (FIRM) Number 08005C0182K
effective 12/17/2010 and 08005C0181L effective 9/4/2020. The north and south expansions are
located in Zone X, which is deemed an area of minimum flood hazard, but the west expansion is
located within an area with 0.2% annual chance flood hazard or area of 1% annual chance flood
with average depth less than one foot according to the FIRM Maps included in Appendix A.

The expansion project site does not accept flows from off-site basins. The existing development
to the east drains north and south to the existing concrete channels. The area east of the project
site drains directly to Sand Creek.

Existing runoff on the north half of the site sheet flows to the north and is captures by the existing
concrete channel along the northern property line. Existing runoff on the south half of the site
sheet flows south to the existing concrete channel along the southern property line. Both the
existing concrete channels discharge to Sand Creek.

Runoff from the proposed improvements will be conveyed to one of four locations within the
project site for water quality and detention treatment. Each pond will have an outlet structure
attenuating the developed runoff for ultimate conveyance to the existing northern and southern
concrete channels. Refer to the specific sub-basin descriptions for details related to the runoff
and treatment of the newly disturbed areas within the Site.

DESIGN CRITERIA

Hydrologic Criteria
Per the Criteria, the design storms for the Project are the 2-year and 100-year frequency events.
In addition, Chapter 5.00 of the Criteria was used to determine the time of concentrations, rainfall
intensities, and runoff coefficients to calculate the peak runoff for each storm event. The Manual,
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adopted by the City of Aurora, was used to calculate runoff using the Rational Method for sub-
basins less than 160 acres in size. The latest UD-Detention spreadsheet (version 4.06) found on
the software resources page of the Mile High Flood District website was used to calculate the
required detention volume for the Site.

Rainfall data provided by the Criteria were used to determine the P1 values for the rainfall intensity
values.  One-hour rainfall depths used for the calculations at the site are as outlined below:

Table 2: One-hour Rainfall Depths
2-year 5-year 10-year 25-year 50-year 100-year
0.86” 1.14” 1.40” 1.79” 2.11” 2.46”

The “City of Aurora Storm Drainage Design and Technical Criteria”, revised November 2023 (the
Criteria), the Aurora Water “Water, Sanitary Sewer & Storm Drainage Infrastructure Standards &
Specifications” (the Aurora Water Specification), and the “Urban Storm Drainage Criteria Manual”
Volumes 1, 2, and 3 (The Manual), with latest revisions, were used when preparing the storm
calculations for the northern and southern expansions.

Hydraulic Criteria
Detailed evaluation of the hydraulic modeling, swale analysis and inlet analysis for the 2-year and
100-year runoff from the disturbed area of the project site will be provided with the forthcoming
Final Drainage Report. The required 100-year detention volume and water quality capture volume
were calculated using the MHFD UD-Detention spreadsheet. Street and inlet capacities will be
based on the City of Aurora and MHFD Criteria.

Establishing a drainageway corridor width is not applicable to this project.

The a portion of the Project Site is located within the 500-year mapped floodplain. No LOMCs are
anticipated to be required for this development.

Proposed storm infrastructure is proposed to be privately owned and maintained by Ownership.
No storm infrastructure is proposed to be temporary.

The hydraulic criteria used for the proposed storm design complies with the Criteria, the Aurora
Water Specification, and the Manual stated above.

DRAINAGE PLAN

General Concept
The overall drainage pattern is consistent with the existing condition, where the north portion of
the Project Site is ultimately tributary to the existing Northern Concrete Channel, and the south
portion of the Project Site is ultimately tributary to the existing Southern Concrete Channel.

The overall drainage design for the site consists of utilizing two existing ponds and two new ponds
for stormwater treatment of the newly disturbed areas of the Site. The original design of the two
existing ponds (Ponds A and B) had planned for a future building expansion. As part of this report,
it will be demonstrated the as-built condition of Ponds A and B are adequate for the treatment of
the stormwater runoff from the western building expansion.
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There are no approved Public Improvement Plans or MDRs associated with this project, however,
the proposed drainage design is consistent with the approved Original Report as discussed below.

West Expansion
The planned west expansion drainage design consists of runoff being collected by a series of roof
drains tying into the existing roof drain system for discharge to Pond A via a swale and to Pond B
via storm sewer designed as part of the Original Report. Table 3 below provides a summary of
the design parameters established for Ponds A and B with the Original Report and the current
proposed site design.

It is important to note the following Design Criteria have changed as part of updates made by the
City which impact the compliance calculations associated with these ponds:

· Landscape Cover Imperviousness increased from 2% to 20%
· 1-hour Rainfall Depths decreased

Both of the above design criteria changes have been incorporated into the revised Pond A and B
calculations included in Appendix C and the rational calculations for the existing Sub-Basins A-
3, A-1F, A-2F and A-5F included in Appendix B.

Table 3: Pond Design Comparison
Planned Building

Expansion (sf)
Proposed West

Building Expansion (sf)
Planned Basin

Imperviousness
Proposed Basin
Imperviousness

North Pond 43,851 45,229 40.87% 51.05%
South Pond 43,851 45,037 53.77% 63.28%

For the purposes of demonstrating compliance, the detention and outlet structure calculations for
Ponds A and B have been included in Appendix C of this report. These calculations have been
based on the as-built data for each pond with the new proposed impervious values and 1-hour
rainfall data.

North Expansion
The north expansion improvements will consist of new private storm sewer conveying runoff to a
new water quality and detention pond, which will serve the disturbed area associated with the
northern expansion. The northern expansion disturbs approximately ±13.16-acres and has a
weighted imperviousness of 75%. Runoff will be collected via proposed private storm sewer, and
ultimately discharge into the new proposed North Pond (‘Pond C’), where it will be treated for
water quality, EURV, and 100-year stormwater treatment and attenuation. Stormwater runoff
treated within new Pond C, will discharge to the existing concrete channel north of the project site
via an outlet structure.

South Expansion
The south expansion improvements will consist of new private storm sewer conveying runoff to a
new water quality and detention pond, which will be sized for the disturbed area associated with
the southern expansion. The flows developed from the disturbed area of the south expansion will
be conveyed to the proposed South Pond (‘Pond D’) via new and existing private storm sewer
infrastructure. Historically, the runoff from this area sheet flows to the existing concrete channel
along the southern boundary of the site. Due to existing grades and existing storm sewer
infrastructure, runoff from undisturbed developed portions of the site will naturally be conveyed to
new Pond D. Approximately ±12.30-acres will be disturbed with the South Expansion.
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Approximately ±10.56-acres of area upstream of the expansion area is anticipated to be conveyed
to Pond D.

Runoff from the upstream disturbed area will not be treated within the pond and are classified as
bypass flow. The spillway of Pond D will be sized to convey this additional runoff to the existing
concrete channel, consistent with historic drainage patterns. The Pond D Outlet structure and
spillway calculations will be designed for only the disturbed area. These calculations will be
provided with the forthcoming Final Drainage Report.

Specific Details
The construction of this development will not be phased. Below is a detailed summary of the
drainage sub-basins on the site. Individual sub-basin details such as runoff coefficients and
imperviousness percentages are provided in Appendix B, including the estimated 2-year and
100-year peak flows. A summary of each of the basin parameters is included in Table 4 at the
end of this section and in Appendix B.

West Expansion
Sub-basin A-1F is located west of the western building expansion. This sub-basin was delineated
with the Original Report and the calculations have been revised with this report to account for the
west expansion improvements associated with this project and the changes to the ground cover
impervious values for landscape. The improvements within this basin consist of concrete paths
leading up to the building and a 3-ft gravel rodent strip along the perimeter of the building
expansion. The Original Report accounted for the existing drive aisle and landscaping within this
basin, however as noted previously, all calculations have been revised with the current adopted
storm criteria set forth by the City.

Runoff from this basin will sheet flow west to existing Swale A1, which will convey stormwater
northwest into the existing Pond A for water quality and detention treatment, consistent with
historic drainage patterns.

Sub-basin A-2F is located north of the western building expansion. This sub-basin was
delineated with the Original Report and the calculations have been revised with this report to
account for the west expansion improvements associated with this project. The improvements
within this basin consist of a 3-ft gravel rodent strip along the perimeter of the building expansion.
The Original Report accounted for the existing drive aisle and landscaping within this basin,
however as noted previously, all calculations have been revised with the current adopted storm
criteria set forth by the City.

Runoff from this basin will sheet flow west to existing Swale A2, which will convey stormwater
northwest into the existing Pond A for water quality and detention treatment, consistent with
historic drainage patterns.

Sub-basin A-3 is located southwest of the western building expansion. This sub-basin was
delineated with the Original Report and the calculations have been revised with this report to
account for the west expansion improvements associated with this project. The improvements
within this basin consist of concrete paths leading up to the building and a 3-ft gravel rodent strip
along the perimeter of the building. The Original Report accounted for the existing drive aisle and
landscaping within this basin, however as noted previously, all calculations have been revised
with the current adopted storm criteria set forth by the City.
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Runoff from this basin will sheet flow west to existing Swale A2, which will convey stormwater
northwest into the existing Pond B for water quality and detention treatment, consistent with
historic drainage patterns.

Sub-basin A4 is located south of the western building expansion. No improvements are
proposed in this sub-basin; however, the basin analysis has been brought to current code
standards.
Sub-basin A-5F is located south of the western building expansion. This sub-basin was
delineated with the Original Report, and the delineation and calculations have been revised with
this report to account for the west expansion improvements associated with this project. The
improvements within this basin consist of truck docks south of the building expansion. All
calculations have been revised with the current adopted storm criteria set forth by the City.

Runoff from this basin will sheet flow west to existing sump inlet, which will convey stormwater
northwest into the existing Pond B for water quality and detention treatment, consistent with
historic drainage patterns.

North Expansion
Sub-basin N-R1 is located north of the existing distribution center and consists of the northern
building expansion proposed with this Project. Runoff from this sub-basin will be collected in a
building roof drain system discharging via lambs’ tongues to proposed area inlets in the parking
lot and drive aisles. Proposed private storm sewer will convey captured flows from this basin to
the proposed Pond C for water quality and detention treatment.

Sub-basin N1 is located north of the proposed building expansion and consists proposed trailer
parking, drive aisles, landscaping, concrete paths, and a 3-ft rodent strip adjacent to the building
expansion. Stormwater runoff from this sub-basin will sheet flow to the center of the basin, where
it is captured by a proposed sump area inlet denoted by design point N1. Proposed private storm
sewer will convey captured flows from this basin to the proposed Pond C for water quality and
detention treatment.

Sub-basin N2 is located north of the proposed building expansion and consists proposed trailer
parking, drive aisles, landscaping, concrete paths, and a 3-ft rodent strip adjacent to the building
expansion. Stormwater runoff from this sub-basin will sheet flow to the center of the basin, where
it is captured by a proposed sump area inlet denoted by design point N2. Proposed private storm
sewer will convey captured flows from this basin to the proposed Pond C for water quality and
detention treatment.

Sub-basin N3 is located north of the proposed building expansion and consists proposed trailer
parking, drive aisles, landscaping, concrete paths, and a 3-ft rodent strip adjacent to the building
expansion. Stormwater runoff from this sub-basin will sheet flow to the center of the basin, where
it is captured by a proposed sump area inlet denoted by design point N3. Proposed private storm
sewer will convey captured flows from this basin to the proposed Pond C for water quality and
detention treatment.

Sub-basin N4 is located north of the proposed building expansion and consists proposed trailer
parking, drive aisles, landscaping, concrete paths, and a 3-ft rodent strip adjacent to the building
expansion. Stormwater runoff from this sub-basin will sheet flow to the center of the basin, where
it is captured by a proposed sump area inlet denoted by design point N4. Proposed private storm
sewer will convey captured flows from this basin to the proposed Pond C for water quality and
detention treatment.
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Sub-basin N5 is located north of the proposed building expansion and consists proposed trailer
parking, drive aisles, landscaping, concrete paths, and a 3-ft rodent strip adjacent to the building
expansion. Stormwater runoff from this sub-basin will sheet flow to the center of the basin, where
it is captured by a proposed sump area inlet denoted by design point N5. Proposed private storm
sewer will convey captured flows from this basin to the proposed Pond C for water quality and
detention treatment.

Sub-basin N6 is located north of the existing distribution center and consists proposed trailer
parking, drive aisles, and landscaping. Stormwater runoff from this sub-basin will sheet flow
across the basin, for conveyance via curb and gutter to the proposed sump Type R inlet denoted
by design point N6 on the preliminary drainage map. Proposed private storm sewer will convey
captured flows from this basin to the proposed Pond C for water quality and detention treatment.

Sub-basin Pond C is located north of the existing distribution center and expansion. The sub-
basin consists of the pond area with landscaping and concrete trickle channels. Stormwater runoff
will sheet flow into Pond C for water quality and detention treatment. A pond outfall structure will
treat and attenuate stormwater prior to discharging to the existing northern concrete channel.

Sub-basin Swale-N is located along the northern property line and consists of a grass-lined
swale, which will convey flows to the proposed Pond C for water quality and detention treatment.

Sub-basin EX-1 is located north of the existing distribution center and consists of a concreate
pad with electrical equipment. This basin will not be disturbed as part of the building expansion,
however stormwater runoff from this basin will be treated within Pond C.  Existing runoff from this
area sheet flow north to the proposed Pond C for water quality and detention treatment

South Expansion
Sub-basin S-R1 is located within the currently undeveloped land south of the existing distribution
center and consists of a new salvage building for the Project Site. Stormwater runoff from this
sub-basin will be collected via a roof drain system and discharge to grade to surface drain to a
series of proposed sump area inlets north and south of the proposed building. Stormwater will
then be conveyed via proposed private storm sewer to the new Pond D for water quality and
detention treatment.

Sub-basin S1 is located in the northern portion of the salvage building and consists of drive aisle
and landscaping. Stormwater from this basin surface flows to a sump area inlet in the center of
the basin at design point S1 conveying stormwater via private storm sewer to Pond D for water
quality and detention treatment.

Sub-basin S2 is located in the northern portion of the salvage building and consists of drive aisle
and landscaping. Stormwater from this basin surface flows to a sump area inlet in the center of
the basin at design point S2 conveying stormwater via private storm sewer to Pond D for water
quality and detention treatment.

Sub-basin S3 is located north of the proposed salvage building and consists of a drive aisle, truck
docks, and landscaping. Flows from this basin will sheet flow across the pavement to the center
of the basin, where it is collected by a proposed area inlet denoted by design point S3 on the
proposed drainage map.
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Sub-basin S4 is located northeast of the proposed salvage building and consists of a drive aisle
and landscaping. Stormwater runoff from this basin will sheet flow across the pavement where it
is then conveyed via curb and gutter to the proposed Type R inlet denoted by design point S4 on
the proposed drainage map. Stormwater will then be conveyed via proposed private storm sewer
to the new Pond D for water quality and detention treatment.

Sub-basin S5 is located southeast of the proposed salvage building and consists of trailer
parking, drive aisle and landscaping. Stormwater runoff from this basin will sheet flow across the
pavement where it is then conveyed via curb and gutter to the proposed Type R inlet denoted by
design point S5 on the proposed drainage map. Runoff will then be conveyed via proposed storm
sewer to Pond D.

Sub-basin S6 is located south of the proposed salvage building and consists of a drive aisle,
trailer parking, and landscaping. Flows from this basin will sheet flow across the pavement and
will be collected by a proposed area inlet denoted by design point S6 on the proposed drainage
map. Flows will be conveyed via proposed storm sewer to Pond D.

Sub-basin S7 is located south of the proposed salvage building and consists of drive aisles,
loading docks and landscaping. Stormwater from this basin surface flows to a sump area inlet in
the center of the basin at design point S7 conveying stormwater via private storm sewer to Pond
D for water quality and detention treatment.

Sub-basin S8 is located south of the proposed salvage building and consists of drive aisles,
loading docks and landscaping. Stormwater from this basin surface flows to a sump area inlet in
the center of the basin at design point S8 conveying stormwater via private storm sewer to Pond
D for water quality and detention treatment.

Sub-basin S9 is located west of Pond D and consists of restriping existing pavement, new
concrete dolly pads, and new landscape islands. The proposed improvements generally do not
impact the existing asphalt and the overall impervious value of the basin remains unchanged.

Stormwater from this basin will sheet flow south across the existing pavement to the existing
southern concrete channel following existing drainage patterns. The restriping improvements for
this basin is not being classified as disturbed area as the subgrade will not be impacted; therefore,
areas of restriping shall not require water quality treatment and detention. The disturbed areas
within this basin are areas where a concrete dolly pad and landscape islands are proposed to be
installed. These areas have been accounted for in the sizing of the proposed Pond D. Refer to
Appendix B for the breakdown summary for the disturbed areas on site.

Stormwater runoff from the disturbed areas of this basin will not be routed to the proposed Pond
D due to grade differences and lack of ability to differentiate the disturbed versus non-disturbed
runoff. To account for runoff not being conveyed to the pond, this basin area and weighted
imperviousness is accounted for in the detention design of Pond D. Pond D has been designed
to over-detain and under-release from the outlet structure. The total 100-year runoff from this
basin, has been deducted from the allowable pond release rate.

Sub-basin S10 is located east of the proposed salvage building and consists of a paved
parking lot. Runoff rom this basin will sheet flow west across the pavement and into a proposed
Type R inlet. Stormwater runoff will be routed via storm sewer to proposed Pond D.



Project Lowry
Preliminary Drainage Report

12 | P a g e

Sub-basin S11 is located east of the existing distribution center and consists of a drive aisle,
truck dock, a 3-ft rodent strip directly adjacent to the building, and landscaping. Flows from this
basin will sheet flow southwest across the pavement and will be collected by an existing area inlet
located in basin S13, which is denoted by design point S13 on the proposed drainage map. Flows
will be conveyed via proposed storm sewer to Pond D.

Sub-basin S12 is located south of the proposed salvage building and consists of landscaping
and a sidewalk. Flows from this basin will sheet flow south and into the existing southern concrete
channel, consistent with existing drainage patterns. Due to the tie-in to existing grade along the
southern edge of this basin, it is not feasible to capture this runoff and route it to Pond D.

To account for runoff not being conveyed to the pond, this basin area and weighted
imperviousness is accounted for in the detention design of Pond D. Pond D has been designed
to over-detain and under-release from the outlet structure. The total 100-year runoff from this
basin, has been deducted from the allowable pond release rate.

Sub-basin S13 is located south of the existing distribution center and consist of existing
pavement. The existing pavement will be re-striped for truck parking, with the addition of concrete
dolly pads. The re-striping is not considered disturbed area, as it will not change the existing
subgrade; however, the installation of the concrete dolly pad will affect the existing subgrade;
therefore, these areas are considered as disturbed area. This disturbed area has been accounted
for in the sizing of Pond D. Flows from this basin will flow to the existing area inlet denoted by
design point S13 on the proposed drainage map. Flows will be conveyed via proposed storm
sewer to the proposed Pond D. The existing flows from the undisturbed area will not be accounted
for in the sizing for the proposed Pond. Existing flows will be considered by-pass flows. The
spillway for the proposed pond will be sized to convey the 100-year peak outflow of the disturbed
area, in addition to the existing 100-year bypass flows that are tributary to the proposed Pond. A
table summarizing the disturbed areas for each basin is included within Appendix B.

Sub-basin S14 is located south of the existing distribution center and consist of existing
pavement, as well as a proposed landscape island with concrete sidewalk. The existing pavement
will be re-striped for truck parking, with the addition of concrete dolly pads. The restriping
improvements for this basin is not being classified as disturbed area as the subgrade will not be
impacted; therefore, areas of restriping shall not require water quality treatment and detention.
The disturbed areas within this basin are areas where a concrete dolly pad and landscape islands
are proposed to be installed. This disturbed area has been accounted for in the sizing of Pond D.
Refer to Appendix B for the breakdown summary for the disturbed areas on site.
Runoff from this basin will sheet flow to the existing area inlet denoted by design point S14 on the
proposed drainage map. Flows will be conveyed via proposed storm sewer to the proposed Pond
D. The existing flows from the undisturbed area will not be accounted for in the sizing for the
proposed Pond.

Sub-basin S15 is located south of the existing distribution center and consist of existing
pavement, as well as a proposed within the proposed landscape island. The existing pavement
will be re-striped for trailer parking, with the addition of concrete dolly pads.

Stormwater from this basin will sheet flow south across the existing pavement to the existing
southern concrete channel following existing drainage patterns. The restriping improvements for
this basin is not being classified as disturbed area as the subgrade will not be impacted; therefore,
areas of restriping shall not require water quality treatment and detention. The disturbed areas
within this basin are areas where a concrete dolly pad and landscape islands are proposed to be
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installed. These areas have been accounted for in the sizing of the proposed Pond D. Refer to
Appendix B for the breakdown summary for the disturbed areas on site.

Stormwater runoff from the disturbed areas of this basin will not be routed to the proposed Pond
D due to grade differences and lack of ability to differentiate the disturbed versus non-disturbed
runoff. To account for runoff not being conveyed to the pond, this basin area and weighted
imperviousness is accounted for in the detention design of Pond D. Pond D has been designed
to over-detain and under-release from the outlet structure. The total 100-year runoff from this
basin, has been deducted from the allowable pond release rate.

Sub-basin S16 is located south of the existing distribution center and consist of existing
pavement. The existing pavement will be re-striped for trailer parking, with the addition of concrete
dolly pads.

Stormwater from this basin will sheet flow northwest across the existing pavement to an existing
inlet, following existing drainage patterns. The restriping improvements for this basin is not being
classified as disturbed area as the subgrade will not be impacted; therefore, areas of restriping
shall not require water quality treatment and detention. The disturbed areas within this basin are
areas where a concrete dolly pad is proposed to be installed. These areas have been accounted
for in the sizing of the proposed Pond D. Refer to Appendix B for the breakdown summary for
the disturbed areas on site.

Stormwater runoff from the disturbed areas of this basin will not be routed to the proposed Pond
D due to grade differences and lack of ability to differentiate the disturbed versus non-disturbed
runoff. To account for runoff not being conveyed to the pond, this basin area and weighted
imperviousness is accounted for in the detention design of Pond D. Pond D has been designed
to over-detain and under-release from the outlet structure. The total 100-year runoff from this
basin, has been deducted from the allowable pond release rate.

Sub-basin Pond D is located west of the proposed salvage building and consists of a concrete
sidewalk path, landscaping, and proposed Pond D. Flows from this basin will sheet flow into the
pond and then conveyed via concrete trickle channel to the proposed outlet structure. The outlet
structure will control the release of the flows back into existing southern concrete channel.

Refer to Appendix B for the revised Grocer’s of Colorado rational calculations, as well as the
proposed Project Lowry rational calculations for the West, North, and South expansions.
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RATIONAL CALCULATIONS SUMMARY

DESIGN
POINT

TRIBUTARY
BASINS

TRIBUTARY
AREA
(AC)

IMPERVIOUSNESS PEAK FLOWS (CFS) CUMULATIVE
FLOWS (CFS)

% Q2 Q100 Q2 Q100

On-Site North Basins

N1 N1 0.85 85% 1.46 4.90 9.62 32.18
N2 N2 0.91 87% 1.63 5.41 8.23 34.33
N3 N3 1.39 86% 2.45 8.17 6.71 22.44
N4 N4 1.41 86% 2.36 7.87 4.39 14.71
N5 N5 1.24 85% 2.15 7.21
N6 N6 1.97 82% 2.94 10.11

N-R1 N-R1 2.41 95% 5.33 16.82
POND C POND C 1.25 21% 0.40 4.44 11.04 40.07

SWALE-N SWALE-N 1.23 20% 0.22 2.50
EX-1 EX-1 0.51 95% 1.07 3.37

TOTAL 13.16 75% 19.99 70.80

On-Site South Basins

S1 S1 0.19 95% 0.42 1.32
S2 S2 0.79 91% 1.75 5.63 7.01 26.20
S3 S3 0.54 95% 1.24 3.90 5.83 22.41
S4 S4 1.14 88% 2.02 6.65 5.00 19.78
S5 S5 0.63 79% 0.97 3.40
S6 S6 1.18 83% 2.05 7.02 2.87 9.90
S7 S7 0.29 83% 0.57 1.95
S8 S8 0.49 93% 1.10 3.50 3.76 12.76
S9 S9 2.83 89% 6.07 19.88

S10 S10 3.66 58% 3.36 14.41
S11 S11 1.42 83% 2.59 8.83
S12 S12 0.17 75% 0.30 1.10
S13 S13 2.40 95% 4.52 14.27 6.84 22.15
S14 S14 2.20 87% 3.63 12.03
S15 S15 1.35 83% 2.17 7.39
S16 S16 0.57 95% 1.23 3.88
S-R1 S-R1 0.69 95% 1.31 4.14

POND D POND D 1.65 24% 0.59 5.50 16.18 55.87
EX-R1 EX-R1 2.41 95% 4.89 15.42

TOTAL 24.59 80% 40.77 140.21

Table 5: Rational Calculation Summary (W Expansion)

Direct Flows Cumulative Flows

DESIGN DRAIN AREA IMP Q2 Q100 Q2 Q100

POINT BASIN Ac % CFS CFS CFS CFS
A-1 A-1 6.24 24% 1.4  13.0
A-2 A-2 1.08 43% 0.5  2.7 7.6 9.5
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A-3 A-3 1.72 42% 0.9  4.6
A-4 A-4 3.00 46% 2.1  10.5
R-1 R-1 0.61 95% 1.3  4.1
R-2 R-2 0.68 95% 1.4  4.5
R-3 R-3 0.33 95% 0.7  2.2 4.2 4.6
R-4 R-4 0.37 95% 0.8  2.5 12.0 13.2
R-5 R-5 0.30 95% 0.6  2.0
R-6 R-6 0.29 95% 0.6  1.9 3.5 3.9
R-7 R-7 0.24 95% 0.5  1.6 4.9 5.5
R-8 R-8 0.27 95% 0.6  1.8 6.5 7.2
R-9 R-9 0.27 95% 0.6  1.8 8.2 9.0

R-10 R-10 0.27 95% 0.6  1.8
R-11 R-11 0.36 95% 0.8  2.4 12.0 13.2
A-5 A-5 0.62 23% 0.2  1.4

A-1 (future) A-1 (future) 4.84 25% 1.2  11.1

A-2 (future) A-2 (future) 0.90 48% 0.9  4.5

A-5 (future) A-5 (future) 0.16 94% 0.4  1.1

R-12 (future) R-12 (future) 1.04 95% 2.2  6.9

R-13 (future) R-13 (future) 1.03 95% 2.2  6.9

OS-1 OS-1 0.64 20% 0.2  8.5
OS-2 OS-2 0.27 95% 0.6  4.5
OS-3 OS-3 0.62 20% 0.2  4.9

Water Quality and Detention
Compliant with the current criteria, runoff from the newly disturbed and developed areas on site
is generally conveyed to one of four on-site private detention pond for water quality and
detention treatment and attenuation. Tables 6 & Table 7 below, provides a summary of the
existing and proposed pond design criteria, volume and allowable release rates.

Table 6: Pond Summary
Area
(ac)

Imp
(%)

VWQCV

(ac-ft)

VEURV

(ac-
ft)

V100

(ac-
ft)

VTotal

Detention

(ac-ft)

WSELWQCV

(ac-ft)
WSELEURV

(ac-ft)
WSEL100

(ac-ft)

Pond
A 8.78 51.05% 0.153 0.358 0.294 0.805 5412.93 5413.72 5414.25

Pond
B 7.90 63.28% 0.163 0.436 0.293 0.892 5416.34 5417.10 5417.55

Pond
C 13.16 75% 0.328 0.850 0.539 1.718 5419.29 5420.94 5422.18
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Pond
D 12.24 76% 0.311 0.717 0.517 1.546 5417.24 5418.60 5419.86

Table 7: Allowable Release Rates (CFS)
Pond A 4.4
Pond B 4.2
Pond C 6.1
Pond D 5.2

The descriptions below provide more information related to each of the basin areas and pond
designs.

West Expansion
Water quality and detention for the West Expansion is provided by existing Ponds A and B on-
site. Although the weighted imperviousness for this western expansion increased as detailed in
Table 3 of this report, the existing ponds have been determined to have capacity for the proposed
improvements for this development. The Original Report designed both ponds to detain the 100-
year + ½ EURV volume. The “+ ½ EURV” is no longer a requirement by the City of Aurora Criteria
and the 1-hr rainfall depths have been decreased. Thus, as discussed previously in this report,
the existing as-built ponds have been analyzed using the currently adopted Code.

Existing Pond A was designed and constructed to detain a total of 0.834 ac-ft per the approved
Original Report and as-built analysis of the pond. Since the 100-year + ½ EURV volume is no
longer required, the existing pond was analyzed using the current City standards in order to verify
the existing pond has the capacity to detain the additional runoff produced by this Project. In the
proposed condition for the west expansion, the required 100-year volume for Pond A is 0.805 ac-
ft, which is less than 0.834 ac-ft; therefore, Existing Pond A has sufficient capacity for the
proposed west expansion. Modification to the existing orifice plate on the outlet structure will need
to be made in order for the pond to function within the allowable drain times for the WQCV and 5-
year storm event. The radius of the orifices will need to be enlarged from 1.23 inches to 1.36
inches. In order to demonstrate compliance and capacity, the outlet structure calculations for this
existing pond based on the as-built information has been included in this report.

Flows from this existing pond will discharge into the existing northern concrete swale, consistent
with the approved Original Final Drainage Report.

Existing Pond B was designed and constructed to detain a total of 0.994 ac-ft. In the proposed
condition for this development, the 100-year volume required is 0.892 ac-ft. Since the 100-year
detention volume in the proposed condition is less than the provided 0.994 ac-ft, Existing Pond B
has sufficient capacity for the proposed west expansion. To demonstrate compliance and
capacity, the outlet structure calculations for this existing pond based on the as-built information
has been included in this report.

Treated runoff from both existing ponds will discharge into the existing Concrete Swales. Based
on the new analysis, minor modifications to the outlet structure of Pond A and no improvements
to Pond B are anticipated for the existing ponds on-site.

Refer to Appendix C for the revised detention calculations for the existing Ponds A and B.

North Expansion
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Detention and water quality for the North Expansion is provided for the developed flows within the
proposed Pond C. All onsite flows within this area of the improvements will be conveyed to Pond
C located north of the existing distribution center. The pond will be designed with forebays, trickle
channels, maintenance access, emergency overflow spillway and an outlet structure. The outlet
structure calculations will be provided with the submission of the forthcoming final drainage report.

All stormwater systems proposed with this northern expansion will be designed for the 2-year and
100-year storm events. In the event that the detention facility outfall storm sewer fails, the
emergency spillway will control and convey overflows to the existing northern concrete channel.

Refer to Appendix C for the detention calculation for Pond C.

South Expansion
Detention and water quality is provided for the majority of the developed flows from the South
Expansion improvements via proposed Pond D, which is located south of the existing distribution
center. As described previously, runoff from sub-basins S9, S11, S12, S13, S14, S15, S16 are
not able to be conveyed to the pond, thus the total 100-year runoff generated by these basins has
been deducted from the total allowable 100-year release rate.

As noted previously in this report, runoff from undisturbed areas of the site are directed into this
proposed pond, however Pond D will only be sized for the disturbed areas associated with the
southern expansion. The runoff from undisturbed areas will be considered bypass flows and will
be conveyed to the existing southern concrete channel via the emergency spillway and not treated
within the pond. The emergency spillway of this pond will be sized for the total flows tributary to
the Pond.

The pond will be designed with forebays, trickle channels, maintenance access, emergency
overflow spillway and an outlet structure. The outlet structure and spillway calculations will be
provided with the submission of the forthcoming final drainage report.

All stormwater systems proposed with this southern expansion will be designed for the 2-year and
100-year storm event. In the event that the detention facility outfall storm sewer fails, an
emergency spillway will control and convey overflows to the existing southern concrete channel.

Refer to Appendix C for the detention calculations for Pond D.

Existing Concrete Channels
There are two existing concrete channels designed and constructed with the Final Drainage
Report for Associated Grocers of Colorado Warehouse, dated November 3, 1982. The existing
channels are located north and south of the Project Site, and have been sized for the 100-year
storm event. Ponds A and C are tributary to the north concrete channel and Ponds B and D are
tributary to the south concrete channel.

Per the Tower Road Center for Industry Filing No. 1 Construction Plans (EDN C8-2-1320)
prepared by Stearns-Roger Architects LTD on June 17, 1981 the existing north concrete channel
was designed to have a normal dept of 3.57 ft in the 100-year storm event. The south channel is
designed to have a flow depth of 3.60 ft in the 100-year storm event.
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CONCLUSIONS

Compliance with Standards
The project complies with the City of Aurora criteria for storm drainage design.  City of Aurora
Storm Drainage Design and Technical Criteria and the Urban Storm Drainage Criteria Manual
Volumes 1, 2, and 3 have been adhered to in the design of the storm sewer system as well as
Best Management Practices.

This project will comply with the state law regarding requisite release rates and times and will be
uploaded to the state at the time of completion.

Summary of Concept
The project’s runoff generated within the west expansion will be collected by existing Swales A1,
A2, and A3 similar to the existing conditions, and will be routed to existing Ponds A and B. These
existing ponds will detain and treat the proposed improvements associated with the west
expansion. The previously approved Grocer’s of Colorado Filing No. 2 calculations have been
revised to comply with the current storm criteria set forth by the City of Aurora. The existing ponds
have sufficient capacity for the additional expansion runoff.

The project’s runoff generated within the north and south expansion sites will be collected using
curb and gutter, private roof drains, and private storm sewer systems that will convey stormwater
runoff to new Ponds C and D for water quality and detention treatment. Improvement areas not
able to be conveyed to the ponds for treatment and attenuation have been accounted for in the
drainage design by deducting the 100-year runoff from the allowable release rates from the pond.

Stormwater will be detained and treated within the pond through the use of forebays, trickle
channels, and micropools consistent with MHFD requirements. The detention ponds will release
stormwater at rates consistent with MHFD and City of Aurora Criteria Manual to the existing
concrete channels.

LIST OF REFERENCES

Flood Insurance Rate Map 08005C0182K, Federal Emergency Management Agency; December
17, 2010

Flood Insurance Rate Map 08005C0181L, Federal Emergency Management Agency; September
4, 2010

Storm Drainage Design and Technical Criteria, City of Aurora; November 2023

Water, Sanitary Sewer & Storm Drainage Infrastructure Standards & Specifications, Aurora
Water; February 2024

Urban Storm Drainage Criteria Manual, Volumes 1-3, Urban Drainage and Flood Control District,
June 2001 with latest revisions.

Grocer’s of Colorado Filing No. 2 Final Drainage Report (COA 218104), Kimley-Horn and
Associates, July 2018
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Appendix A
FIRM Maps 08005C0182K & 08005C018L
Soil Map
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imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Custom Soil Resource Report

11



Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

EgA Ellicott-Glenberg complex, 0 to 
3 percent slopes, 
occasionally flooded

13.4 20.3%

Lu Loamy alluvial land 34.5 52.2%

TuB Truckton sandy loam, 0 to 3 
percent slopes

18.2 27.5%

Totals for Area of Interest 66.1 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
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landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.
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Adams County Area, Parts of Adams and Denver Counties, Colorado

EgA—Ellicott-Glenberg complex, 0 to 3 percent slopes, occasionally 
flooded

Map Unit Setting
National map unit symbol: 2x0j6
Elevation: 3,950 to 5,960 feet
Mean annual precipitation: 13 to 17 inches
Mean annual air temperature: 50 to 54 degrees F
Frost-free period: 135 to 165 days
Farmland classification: Not prime farmland

Map Unit Composition
Ellicott, occasionally flooded, and similar soils: 65 percent
Glenberg, rarely flooded, and similar soils: 20 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ellicott, Occasionally Flooded

Setting
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Noncalcareous, stratified sandy alluvium

Typical profile
A - 0 to 4 inches: sand
AC - 4 to 13 inches: sand
C1 - 13 to 30 inches: sand
C2 - 30 to 44 inches: sand
C3 - 44 to 80 inches: coarse sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): High to very high (6.00 

to 39.96 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Occasional
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.1 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very low (about 2.1 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 7s
Hydrologic Soil Group: A
Ecological site: R067BY031CO - Sandy Bottomland
Hydric soil rating: No
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Description of Glenberg, Rarely Flooded

Setting
Landform: Ephemeral streams, flood-plain steps
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Stratified, calcareous alluvium

Typical profile
A - 0 to 6 inches: sandy loam
AC - 6 to 18 inches: sandy loam
C1 - 18 to 45 inches: sandy loam
C2 - 45 to 80 inches: loamy coarse sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Rare
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.1 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 2.0
Available water supply, 0 to 60 inches: Low (about 5.6 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 4c
Hydrologic Soil Group: A
Ecological site: R067BY031CO - Sandy Bottomland
Hydric soil rating: No

Minor Components

Las animas, occasionally flooded
Percent of map unit: 10 percent
Landform: Flood plains, ephemeral streams
Down-slope shape: Linear
Across-slope shape: Linear, concave
Ecological site: R067BY038CO - Wet Meadow
Hydric soil rating: No

Ellicott sandy-skeletal, occasionally flooded
Percent of map unit: 5 percent
Landform: Channels, flood plains
Down-slope shape: Linear
Across-slope shape: Concave, linear
Ecological site: R067BY031CO - Sandy Bottomland
Hydric soil rating: No

Custom Soil Resource Report
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Lu—Loamy alluvial land

Map Unit Setting
National map unit symbol: 34w3
Elevation: 4,000 to 6,000 feet
Mean annual precipitation: 12 to 14 inches
Mean annual air temperature: 48 to 52 degrees F
Frost-free period: 135 to 165 days
Farmland classification: Not prime farmland

Map Unit Composition
Loamy alluvial land: 75 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Loamy Alluvial Land

Setting
Landform: Drainageways
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed

Typical profile
H1 - 0 to 8 inches: loam
H2 - 8 to 60 inches: stratified loam to clay loam

Properties and qualities
Slope: 0 to 3 percent
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2.00 in/hr)
Frequency of flooding: Occasional
Calcium carbonate, maximum content: 15 percent
Gypsum, maximum content: 1 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.6 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 6w
Hydrologic Soil Group: B
Ecological site: R067BY036CO - Overflow
Hydric soil rating: No

Custom Soil Resource Report
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Minor Components

Nunn
Percent of map unit: 10 percent
Hydric soil rating: No

Satanta
Percent of map unit: 10 percent
Landform: Paleoterraces
Hydric soil rating: No

Loveland
Percent of map unit: 5 percent
Landform: Terraces
Ecological site: R067BY036CO - Overflow
Hydric soil rating: Yes

TuB—Truckton sandy loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 2yvrf
Elevation: 4,600 to 6,100 feet
Mean annual precipitation: 12 to 17 inches
Mean annual air temperature: 46 to 52 degrees F
Frost-free period: 125 to 155 days
Farmland classification: Prime farmland if irrigated and the product of I (soil 

erodibility) x C (climate factor) does not exceed 60

Map Unit Composition
Truckton and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Truckton

Setting
Landform: Interfluves, terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Wind re-worked alluvium derived from arkose

Typical profile
A - 0 to 6 inches: sandy loam
Bt1 - 6 to 10 inches: sandy loam
Bt2 - 10 to 16 inches: sandy loam
C - 16 to 80 inches: loamy coarse sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches

Custom Soil Resource Report
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Drainage class: Well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 1 percent
Maximum salinity: Nonsaline to very slightly saline (0.1 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 4.6 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: A
Ecological site: R067BY024CO - Sandy Plains
Hydric soil rating: No

Minor Components

Bresser
Percent of map unit: 4 percent
Landform: Interfluves, terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R067BY024CO - Sandy Plains
Hydric soil rating: No

Vona
Percent of map unit: 4 percent
Landform: Dunes, hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Ecological site: R067BY015CO - Deep Sand
Hydric soil rating: No

Blakeland
Percent of map unit: 3 percent
Landform: Interfluves, hills
Landform position (two-dimensional): Summit, shoulder, backslope
Landform position (three-dimensional): Side slope, crest
Down-slope shape: Convex, linear
Across-slope shape: Convex, linear
Ecological site: R067BY015CO - Deep Sand
Hydric soil rating: No

Pleasant, frequently ponded
Percent of map unit: 2 percent
Landform: Closed depressions
Down-slope shape: Concave, linear
Across-slope shape: Concave
Ecological site: R067BY010CO - Closed Depression
Hydric soil rating: Yes

Custom Soil Resource Report
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Urban land
Percent of map unit: 2 percent
Hydric soil rating: No

Custom Soil Resource Report

19



References
American Association of State Highway and Transportation Officials (AASHTO). 
2004. Standard specifications for transportation materials and methods of sampling 
and testing. 24th edition.

American Society for Testing and Materials (ASTM). 2005. Standard classification of 
soils for engineering purposes. ASTM Standard D2487-00.

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification of 
wetlands and deep-water habitats of the United States. U.S. Fish and Wildlife 
Service FWS/OBS-79/31.

Federal Register. July 13, 1994. Changes in hydric soils of the United States.

Federal Register. September 18, 2002. Hydric soils of the United States.

Hurt, G.W., and L.M. Vasilas, editors. Version 6.0, 2006. Field indicators of hydric 
soils in the United States.

National Research Council. 1995. Wetlands: Characteristics and boundaries.

Soil Survey Division Staff. 1993. Soil survey manual. Soil Conservation Service. 
U.S. Department of Agriculture Handbook 18. http://www.nrcs.usda.gov/wps/portal/
nrcs/detail/national/soils/?cid=nrcs142p2_054262 

Soil Survey Staff. 1999. Soil taxonomy: A basic system of soil classification for 
making and interpreting soil surveys. 2nd edition. Natural Resources Conservation 
Service, U.S. Department of Agriculture Handbook 436. http://
www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577 

Soil Survey Staff. 2010. Keys to soil taxonomy. 11th edition. U.S. Department of 
Agriculture, Natural Resources Conservation Service. http://
www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580 

Tiner, R.W., Jr. 1985. Wetlands of Delaware. U.S. Fish and Wildlife Service and 
Delaware Department of Natural Resources and Environmental Control, Wetlands 
Section.

United States Army Corps of Engineers, Environmental Laboratory. 1987. Corps of 
Engineers wetlands delineation manual. Waterways Experiment Station Technical 
Report Y-87-1.

United States Department of Agriculture, Natural Resources Conservation Service. 
National forestry manual. http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/
home/?cid=nrcs142p2_053374 

United States Department of Agriculture, Natural Resources Conservation Service. 
National range and pasture handbook. http://www.nrcs.usda.gov/wps/portal/nrcs/
detail/national/landuse/rangepasture/?cid=stelprdb1043084 

20

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_054262
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_054262
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/home/?cid=nrcs142p2_053374
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/home/?cid=nrcs142p2_053374
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb1043084
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb1043084


United States Department of Agriculture, Natural Resources Conservation Service. 
National soil survey handbook, title 430-VI. http://www.nrcs.usda.gov/wps/portal/
nrcs/detail/soils/scientists/?cid=nrcs142p2_054242 

United States Department of Agriculture, Natural Resources Conservation Service. 
2006. Land resource regions and major land resource areas of the United States, 
the Caribbean, and the Pacific Basin. U.S. Department of Agriculture Handbook 
296. http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?
cid=nrcs142p2_053624 

United States Department of Agriculture, Soil Conservation Service. 1961. Land 
capability classification. U.S. Department of Agriculture Handbook 210. http://
www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf 

Custom Soil Resource Report

21

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/scientists/?cid=nrcs142p2_054242
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/scientists/?cid=nrcs142p2_054242
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053624
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053624
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf


Project Lowry
Preliminary Drainage Report

20 | P a g e

Appendix B
Table 1 Runoff Coefficients
Rainfall Intensity
Preliminary Rational Runoff Calculations



 096693000 Associated Grocers of Colorado Filing No.2
Amendment No. 1 (Project Lowry) - West Expansion

4/29/2024

I= 28.5 P1

(10+TC)0.786

Where:
I = rainfall intensity (inches per hour)

P1 = one-hour rainfall depth (inches) from Table 5-1 of the City of Aurora
Storm Draiange Design and Technical Criteria

TC = time of concentration (minutes)

2-yr 5-yr 10-yr 100-yr
P1 = 0.86 1.14 1.40 2.46

TIME 2 YR 5 YR 10 YR 100 YR
5 2.92 3.87 4.75 8.34

10 2.33 3.08 3.79 6.66
15 1.95 2.59 3.18 5.58
20 1.69 2.24 2.75 4.84
25 1.50 1.99 2.44 4.29
30 1.35 1.79 2.20 3.86
40 1.13 1.50 1.84 3.24
50 0.98 1.30 1.60 2.81
60 0.87 1.15 1.41 2.49

120 0.53 0.71 0.87 1.53

Time Intensity Frequency Tabulation

RAINFALL INTENSITY
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 096693000 Associated Grocers of Colorado Filing No.2
Amendment No. 1 (Project Lowry) - West Expansion

4/29/2024

Imp. C2 C5 C10 C100
Landscape 20% 0.13 0.15 0.22 0.52
Light Industrial 75% 0.63 0.63 0.66 0.78
Roof 95% 0.79 0.81 0.83 0.87
Concrete 95% 0.79 0.81 0.83 0.87
Street - Paved 95% 0.79 0.81 0.83 0.87
Gravel (packed) 40% 0.29 0.32 0.38 0.61

ON SITE BASINS

Basin ID Roof (SF) Landscape
(SF) Concrete (SF) Street - Paved

(SF)
Gravel (packed)

(SF) Total Basin Area (SF) Total Basin Area
(Acres)

Basin
Imperviousness* C2 C5 C100

A-1 0 257749 13130 906 271785 6.24 24% 0.16 0.18 0.54
A-2 0 31062 400 13489 1905 46856 1.08 43% 0.33 0.35 0.63
A-3 0 51553 1206 20750 1531 75040 1.72 42% 0.33 0.35 0.61
A-4 0 83061 9136 35533 2927 130657 3.00 46% 0.36 0.38 0.63
R-1 26614 0 0 0 0 26614 0.61 95% 0.79 0.81 0.87
R-2 29815 0 0 0 0 29815 0.68 95% 0.79 0.81 0.87
R-3 14310 0 0 0 0 14310 0.33 95% 0.79 0.81 0.87
R-4 16157 0 0 0 0 16157 0.37 95% 0.79 0.81 0.87
R-5 12853 0 0 0 0 12853 0.30 95% 0.79 0.81 0.87
R-6 12482 0 0 0 0 12482 0.29 95% 0.79 0.81 0.87
R-7 10499 0 0 0 0 10499 0.24 95% 0.79 0.81 0.87
R-8 11588 0 0 0 0 11588 0.27 95% 0.79 0.81 0.87
R-9 11717 0 0 0 0 11717 0.27 95% 0.79 0.81 0.87

R-10 11872 0 0 0 0 11872 0.27 95% 0.79 0.81 0.87
R-11 15885 0 0 0 0 15885 0.36 95% 0.79 0.81 0.87
A-5 0 22890 0 0 4271 27161 0.62 23% 0.15 0.18 0.44

A-1 (future) 0 195042 633 13130 2183 210988 4.84 25% 0.17 0.19 0.54
A-2 (future) 0 21984 400 13489 3393 39266 0.90 48% 0.38 0.40 0.65
A-5 (future) 0 118 7019 0 0 7137 0.16 94% 0.78 0.80 0.87
R-12 (future) 45229 0 0 0 0 45229 1.04 95% 0.79 0.81 0.87
R-13 (future) 45037 0 0 0 0 45037 1.03 95% 0.79 0.81 0.87

Total 173792 446315 10742 82902 11540 725291 16.65 48% 0.38 0.40 0.65

OFFSITE BASINS

OS-1 0 27711 0 0 0 27711 0.64 20% 0.13 0.15 0.52
OS-2 0 0 3926 7632 0 11558 0.27 95% 0.79 0.81 0.87
OS-3 0 27055 0 0 0 27055 0.62 20% 0.13 0.15 0.52

POND SIZING (for future conditions)
North 132125.16 217025.9 1032.51 26619 5576.59 382379.16 8.778 51.05% 0.40 0.43 0.66
South 119080.33 134732.19 17361.43 56282.64 4457.65 331914.24 7.915 63.28% 0.51 0.54 0.72

BASIN IMPERVIOUSNESS AND RUNOFF COEFFICIENT
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Watercourse Coefficient
Forest & Meadow 2.50 Short Grass Pasture & Lawns 7.00 Grassed Waterway 15.00

Fallow or Cultivation 5.00 Nearly Bare Ground 10.00 Paved Area & Shallow Gutter 20.00
SUB-BASIN INITIAL / OVERLAND TRAVEL TIME T(c) CHECK FINAL

DATA 0.00 T(t) (URBANIZED BASINS) T(c)*
DESIGN DRAIN AREA AREA COEFF Length Slope T(i) Length Slope Coeff. Velocity T(t) IMP TOTAL COMP. TOTAL T(C)
POINT BASIN sq. ft. ac. C5 ft. ft/ft min ft. ft/ft fps min. % SLOPE T(c) LENGTH CHECK min.

A-1 A-1 271,785 6.24 0.18 430 0.020 27.7 380 0.020 20 2.8 2.2 24% 2% 29.9 810 29.7 29.7

A-2 A-2 46,856 1.08 0.35 50 0.020 7.7 690 0.005 20 1.4 8.1 43% 1% 15.8 740 29.3 29.3

A-3 A-3 75,040 1.72 0.35 180 0.015 16.2 670 0.005 20 1.4 7.9 42% 1% 24.1 850 30.0 24.1

A-4 A-4 130,657 3.00 0.38 75 0.010 11.4 320 0.005 20 1.4 3.8 46% 1% 15.2 395 23.7 15.2

R-1 R-1 26,614 0.61 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-2 R-2 29,815 0.68 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-3 R-3 14,310 0.33 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-4 R-4 16,157 0.37 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-5 R-5 12,853 0.30 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-6 R-6 12,482 0.29 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-7 R-7 10,499 0.24 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-8 R-8 11,588 0.27 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-9 R-9 11,717 0.27 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-10 R-10 11,872 0.27 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

R-11 R-11 15,885 0.36 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.4 7.2

A-5 A-5 27,161 0.62 0.18 161 0.015 18.8 0.0 0.0 23% 2% 18.8 161 23.9 18.8

A-1
(future)

A-1
(future)

210,988 4.84 0.19 430 0.020 27.3 0.0 0.0 25% 2% 27.3 430 25.8 25.8

A-2
(future)

A-2
(future)

39,266 0.90 0.40 50 0.02 7.2 0.0 0.0 48% 2% 7.2 50 10.3 7.2

A-5
(future)

A-5
(future)

7,137 0.16 0.80 161 0.02 6.0 0.0 0.0 94% 2% 6.0 161 10.9 6.0

R-12
(future)

R-12
(future)

45,229 1.04 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.7 7.2

R-13
(future)

R-13
(future)

45,037 1.03 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 11.7 7.2

OS-1 OS-1 27,711 0.64 0.15 20 0.100 3.6 0 0.010 20 2.0 0.0 20% 10% 5.0 20 10.1 5.0

OS-2 OS-2 11,558 0.27 0.81 150 0.010 6.4 0 0.010 20 2.0 0.0 95% 1% 6.4 150 10.8 6.4

OS-3 OS-3 27,055 0.62 0.15 160 0.040 13.9 0 0.010 20 2.0 0.0 20% 4% 13.9 160 10.9 10.9

TIME OF CONCENTRATION
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Design Storm 100 Year

DESIGN DRAIN AREA RUNOFF T(c) C x A I Q T(c) SUM I Q
POINT BASIN ac. COEFF min in/hr cfs min C x A in/hr cfs

A-1 A-1 6.24 0.54 29.7 3.35 3.88 13.0

A-2 A-2 1.08 0.63 29.3 0.68 3.92 2.7 29.3 2.42 3.92 9.5 Basin A2 and R1-R4

A-3 A-3 1.72 0.61 24.1 1.06 4.39 4.6

A-4 A-4 3.00 0.63 15.2 1.89 5.56 10.5

R-1 R-1 0.61 0.87 7.2 0.53 7.60 4.1

R-2 R-2 0.68 0.87 7.2 0.60 7.60 4.5

R-3 R-3 0.33 0.87 7.2 0.29 7.60 2.2 7.2 0.61 7.60 4.6 Basin R3-R4

R-4 R-4 0.37 0.87 7.2 0.32 7.60 2.5 7.2 1.74 7.60 13.2 Basin R1-R4

R-5 R-5 0.30 0.87 7.2 0.26 7.60 2.0

R-6 R-6 0.29 0.87 7.2 0.25 7.60 1.9 7.2 0.51 7.60 3.9 Basin R5-R6

R-7 R-7 0.24 0.87 7.2 0.21 7.60 1.6 7.2 0.72 7.60 5.5 Basin R5-R7

R-8 R-8 0.27 0.87 7.2 0.23 7.60 1.8 7.2 0.95 7.60 7.2 Basin R5-R8

R-9 R-9 0.27 0.87 7.2 0.23 7.60 1.8 7.2 1.18 7.60 9.0 Basin R5-R9

R-10 R-10 0.27 0.87 7.2 0.24 7.60 1.8

R-11 R-11 0.36 0.87 7.2 0.32 7.60 2.4 7.2 1.74 7.60 13.2 Basin R5-11

A-5 A-5 0.62 0.44 18.8 0.27 5.02 1.4

A-1
(future)

A-1
(future)

4.84 0.54 25.8 2.63 4.22 11.1

A-2
(future)

A-2
(future)

0.90 0.65 7.2 0.59 7.60 4.5

A-5
(future)

A-5
(future)

0.16 0.87 6.0 0.14 8.01 1.1

R-12
(future)

R-12
(future)

1.04 0.87 7.2 0.91 7.60 6.9

R-13
(future)

R-13
(future)

1.03 0.87 7.2 0.90 7.60 6.9

OS-1 OS-1 0.64 0.52 5.0 0.33 8.34 8.5

OS-2 OS-2 0.27 0.87 6.4 0.23 7.87 4.5

OS-3 OS-3 0.62 0.52 10.9 0.32 6.46 4.9

BASIN INFORMATON

RUNOFF CALCULATIONS

DIRECT RUNOFF TOTAL RUNOFF
REMARKS
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Design Storm 2 Year

DESIGN DRAIN AREA RUNOFF T(c) C x A I Q T(c) SUM I Q
POINT BASIN ac. COEFF min in/hr cfs min C x A in/hr cfs

A-1 A-1 6.24 0.16 29.7 1.00 1.36 1.4

A-2 A-2 1.08 0.33 29.3 0.36 1.37 0.5 29.3 1.93 3.92 7.6 Basin A2 and R1-R4

A-3 A-3 1.72 0.33 24.1 0.56 1.53 0.9

A-4 A-4 3.00 0.36 15.2 1.07 1.94 2.1

R-1 R-1 0.61 0.79 7.2 0.48 2.66 1.3 0.0

R-2 R-2 0.68 0.79 7.2 0.54 2.66 1.4 0.0

R-3 R-3 0.33 0.79 7.2 0.26 2.66 0.7 7.2 0.55 7.60 4.2 Basin R3-R4

R-4 R-4 0.37 0.79 7.2 0.29 2.66 0.8 7.2 1.58 7.60 12.0 Basin R1-R4

R-5 R-5 0.30 0.79 7.2 0.23 2.66 0.6 0.0

R-6 R-6 0.29 0.79 7.2 0.23 2.66 0.6 7.2 0.46 7.60 3.5 Basin R5-R6

R-7 R-7 0.24 0.79 7.2 0.19 2.66 0.5 7.2 0.65 7.60 4.9 Basin R5-R7

R-8 R-8 0.27 0.79 7.2 0.21 2.66 0.6 7.2 0.86 7.60 6.5 Basin R5-R8

R-9 R-9 0.27 0.79 7.2 0.21 2.66 0.6 7.2 1.07 7.60 8.2 Basin R5-R9

R-10 R-10 0.27 0.79 7.2 0.22 2.66 0.6 0.0

R-11 R-11 0.36 0.79 7.2 0.29 2.66 0.8 7.2 1.58 7.60 12.0 Basin R5-11

A-5 A-5 0.62 0.15 18.8 0.10 1.75 0.2

A-1
(future)

A-1
(future)

4.84 0.17 25.8 0.84 1.48 1.2

A-2
(future)

A-2
(future)

0.90 0.38 7.2 0.34 2.66 0.9

A-5
(future)

A-5
(future)

0.16 0.78 6.0 0.13 2.80 0.4

R-12
(future)

R-12
(future)

1.04 0.79 7.2 0.82 2.66 2.2

R-13
(future)

R-13
(future)

1.03 0.79 7.2 0.82 2.66 2.2

OS-1 OS-1 0.64 0.13 5.0 0.08 2.92 0.2

OS-2 OS-2 0.27 0.79 6.4 0.21 2.75 0.6

OS-3 OS-3 0.62 0.13 10.9 0.08 2.26 0.2

RUNOFF CALCULATIONS

BASIN INFORMATON DIRECT RUNOFF TOTAL RUNOFF
REMARKS
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 096693000 Associated Grocers of Colorado Filing No.2
Amendment No. 1 (Project Lowry) - West Expansion

4/29/2024

DESIGN DRAIN AREA IMP Q2 Q100 Q2 Q100

POINT BASIN Ac % CFS CFS CFS CFS
A-1 A-1 6.24 24% 1.4 13.0
A-2 A-2 1.08 43% 0.5 2.7 7.6 9.5
A-3 A-3 1.72 42% 0.9 4.6
A-4 A-4 3.00 46% 2.1 10.5
R-1 R-1 0.61 95% 1.3 4.1
R-2 R-2 0.68 95% 1.4 4.5
R-3 R-3 0.33 95% 0.7 2.2 4.2 4.6
R-4 R-4 0.37 95% 0.8 2.5 12.0 13.2
R-5 R-5 0.30 95% 0.6 2.0
R-6 R-6 0.29 95% 0.6 1.9 3.5 3.9
R-7 R-7 0.24 95% 0.5 1.6 4.9 5.5
R-8 R-8 0.27 95% 0.6 1.8 6.5 7.2
R-9 R-9 0.27 95% 0.6 1.8 8.2 9.0

R-10 R-10 0.27 95% 0.6 1.8
R-11 R-11 0.36 95% 0.8 2.4 12.0 13.2
A-5 A-5 0.62 23% 0.2 1.4

A-1
(future)

A-1
(future)

4.84 25% 1.2 11.1

A-2
(future)

A-2
(future)

0.90 48% 0.9 4.5

A-5
(future)

A-5
(future)

0.16 94% 0.4 1.1

R-12
(future)

R-12
(future)

1.04 95% 2.2 6.9

R-13
(future)

R-13
(future)

1.03 95% 2.2 6.9

OS-1 OS-1 0.64 20% 0.2 8.5
OS-2 OS-2 0.27 95% 0.6 4.5
OS-3 OS-3 0.62 20% 0.2 4.9

Rational Calculation Summary (West Expansion)
Direct Flows Cumulative Flows

K:\DEN_Civil\196772002_Project Lowry\_Project Files\Eng\Drainage\Calculations\Rational Calculations\Lowry_ Rational Calcs - W Expansion.xlsx



PROJECT NAME: Project Lowry - North & South Expansion DATE: 4/29/2024
PROJECT NUMBER: 196772002
CALCULATED BY: FSA

CHECKED BY: MTH
SOIL:

LANDSCAPE CONCRETE PAVEMENT GRAVEL ROOF
LAND USE: AREA AREA AREA AREA AREA

2-YEAR COEFF. 0.13 0.79 0.79 0.29 0.79
5-YEAR COEFF. 0.15 0.81 0.81 0.32 0.81

10-YEAR COEFF. 0.22 0.83 0.83 0.38 0.83
100-YEAR COEFF. 0.52 0.87 0.87 0.61 0.87

IMPERVIOUS % 20% 95% 95% 40% 95%
LANDSCAPE CONCRETE PAVEMENT GRAVEL ROOF TOTAL

DESIGN DESIGN AREA AREA AREA AREA AREA AREA
BASIN POINT (AC) (AC) (AC) (AC) (AC) (AC) C(2) C(5) C(10) C(100) Imp %

N1 N1 0.11 0.07 0.66 0.01 0.00 0.85 0.70 0.72 0.74 0.82 85%
N2 N2 0.10 0.04 0.77 0.01 0.00 0.91 0.72 0.74 0.76 0.83 87%
N3 N3 0.16 0.00 1.22 0.01 0.00 1.39 0.71 0.73 0.75 0.83 86%
N4 N4 0.16 0.04 1.20 0.01 0.00 1.41 0.71 0.73 0.75 0.83 86%
N5 N5 0.16 0.10 0.97 0.01 0.00 1.24 0.70 0.72 0.74 0.83 85%
N6 N6 0.35 0.09 1.53 0.00 0.00 1.97 0.67 0.69 0.72 0.81 82%

N-R1 N-R1 0.00 0.00 0.00 0.00 2.41 2.41 0.79 0.81 0.83 0.87 95%
POND C POND C 1.24 0.02 0.00 0.00 0.00 1.25 0.14 0.16 0.23 0.52 21%

SWALE-N SWALE-N 1.23 0.00 0.00 0.00 0.00 1.23 0.13 0.15 0.22 0.52 20%
EX-1 EX-1 0.00 0.00 0.51 0.00 0.00 0.51 0.79 0.81 0.83 0.87 95%

3.50 0.34 6.86 0.05 2.41 13.16 0.61 0.63 0.66 0.78 75%
27% 3% 52% 0% 18% 100%

S1 S1 0.00 0.00 0.20 0.00 0.00 0.19 0.79 0.81 0.83 0.87 95%
S2 S2 0.04 0.24 0.51 0.00 0.00 0.79 0.76 0.78 0.80 0.86 91%
S3 S3 0.00 0.00 0.54 0.00 0.00 0.54 0.79 0.81 0.83 0.87 95%
S4 S4 0.10 0.00 1.04 0.00 0.00 1.14 0.73 0.75 0.77 0.84 88%
S5 S5 0.14 0.01 0.49 0.00 0.00 0.63 0.65 0.67 0.70 0.80 79%
S6 S6 0.19 0.02 0.96 0.00 0.00 1.18 0.68 0.70 0.73 0.81 83%
S7 S7 0.05 0.00 0.25 0.00 0.00 0.29 0.69 0.71 0.73 0.82 83%
S8 S8 0.01 0.01 0.46 0.00 0.00 0.49 0.77 0.79 0.81 0.86 93%
S9 S9 0.23 0.14 2.46 0.00 0.00 2.83 0.74 0.76 0.78 0.84 89%

S10 S10 1.79 0.14 1.73 0.00 0.00 3.66 0.47 0.49 0.53 0.70 58%
S11 S11 0.22 0.01 1.19 0.01 0.00 1.42 0.69 0.71 0.73 0.82 83%
S12 S12 0.04 0.12 0.00 0.00 0.00 0.17 0.62 0.64 0.67 0.78 75%
S13 S13 0.00 0.05 2.35 0.00 0.00 2.40 0.79 0.81 0.83 0.87 95%
S14 S14 0.24 0.12 1.84 0.00 0.00 2.20 0.72 0.74 0.76 0.83 87%
S15 S15 0.21 0.13 1.00 0.00 0.00 1.35 0.69 0.71 0.73 0.82 83%
S16 S16 0.00 0.07 0.50 0.00 0.00 0.57 0.79 0.81 0.83 0.87 95%
S-R1 S-R1 0.00 0.00 0.00 0.00 0.69 0.69 0.79 0.81 0.83 0.87 95%

POND D POND D 1.56 0.09 0.00 0.00 0.00 1.65 0.16 0.19 0.25 0.54 24%
EX-R1 EX-R1 0.00 0.00 0.00 0.00 2.41 2.41 0.79 0.81 0.83 0.87 95%

4.82 1.16 15.50 0.01 3.10 24.59 0.66 0.68 0.71 0.80 80%
20% 5% 63% 0% 13% 100.0%

NORTH BASIN
SUBTOTAL

STANDARD FORM SF-1

On-Site Basins

RUNOFF COEFFICIENTS - IMPERVIOUS CALCULATION

SOUTH BASIN
SUBTOTAL



Project Lowry - North & South Expansion DATE: ########
196772002
FSA
MTH

FINAL
Tc

DESIGN AREA C5 LENGTH SLOPE Ti LENGTH SLOPE Cv VEL Tt COMP. TOTAL TOTAL TOTAL Tc
BASIN Ac Ft % Min. Ft. % fps Min. tc LENGTH SLOPE IMP. Min. Min.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (11) (12) (13) (14) (15) (16) (17)

N1 0.847 0.722 205 1.5% 8.7 20.0 8.7 205 1.5% 85% 12.9 8.7
N2 0.907 0.739 203 1.5% 8.2 20.0 8.2 203 1.5% 87% 12.6 8.2
N3 1.387 0.734 207 1.5% 8.4 20.0 8.4 207 1.5% 86% 12.7 8.4
N4 1.413 0.733 279 1.5% 9.8 20.0 9.8 279 1.5% 86% 13.2 9.8
N5 1.237 0.724 201 1.5% 8.5 20.0 8.5 201 1.5% 85% 12.9 8.5
N6 1.973 0.694 300 1.5% 11.3 10 3.0% 20.0 3.5 0.0 11.3 310 1.5% 82% 14.2 11.3

N-R1 2.407 0.813 122 1.0% 5.8 20.0 5.8 122 1.0% 95% 10.8 5.8
POND C 1.251 0.158 130 20.0% 7.3 139 2.0% 7.0 1.0 2.3 9.6 269 10.7% 21% 23.6 9.6

SWALE-N 1.229 0.149 74 2.0% 11.9 730 1.0% 7.0 0.7 17.4 29.3 804 1.1% 20% 33.5 29.3
EX-1 0.510 0.813 350 3.5% 6.5 110 3.5% 20.0 3.7 0.5 7.0 460 3.5% 95% 11.7 7.0

S1 0.19 0.81 92 1.5% 4.4 210 1.0% 20.0 2.0 1.8 6.2 302 1.2% 95% 12.0 6.2
S2 0.79 0.78 134 3.0% 4.7 20.0 4.7 134 3.0% 91% 11.1 5.0
S3 0.54 0.81 143 2.5% 4.6 20.0 4.6 143 2.5% 95% 10.5 5.0
S4 1.14 0.75 169 1.0% 8.2 96 1.5% 20.0 2.4 0.7 8.9 265 1.2% 88% 12.9 8.9
S5 0.63 0.67 183 1.4% 9.5 20.0 9.5 183 1.4% 79% 13.9 9.5
S6 1.18 0.70 232 3.0% 7.7 20.0 7.7 232 3.0% 83% 13.0 7.7
S7 0.29 0.71 78 2.5% 4.7 78 1.0% 20.0 2.0 0.7 5.3 156 1.8% 83% 12.8 5.3
S8 0.49 0.79 175 3.0% 5.1 9220.0 5.1 175 3.0% 93% 11.0 5.1
S9 2.83 0.76 27 1.5% 2.8 261 1.8% 20.0 2.7 1.6 4.5 288 1.8% 89% 12.6 5.0
S10 3.66 0.49 347 3.5% 13.7 125 1.0% 20.0 2.0 1.0 14.8 472 2.8% 58% 18.8 14.8
S11 1.42 0.71 43 2.5% 3.5 338 0.7% 20.0 1.7 3.4 6.9 381 0.9% 83% 15.1 6.9
S12 0.17 0.64 8 33.0% 0.7 7.0 0.7 8 33.0% 75% 13.2 5.0
S13 2.40 0.81 350 1.3% 9.0 62 1.3% 20.0 2.3 0.5 9.5 412 1.3% 95% 12.6 9.5
S14 2.20 0.74 251 1.0% 10.4 20.0 10.4 251 1.0% 87% 13.2 10.4
S15 1.35 0.71 267 1.7% 9.8 20.0 9.8 267 1.7% 83% 13.5 9.8
S16 0.57 0.81 194 1.5% 6.4 20.0 6.4 194 1.5% 95% 11.0 6.4
S-R1 0.69 0.81 315 1.0% 9.3 20.0 9.3 315 1.0% 95% 12.2 9.3

POND D 1.65 0.19 195 20.0% 8.6 200 2.0% 7.0 1.0 3.4 12.0 395 10.9% 24% 23.5 12.0
EX-R1 2.41 0.81 212 1.0% 7.7 20.0 7.7 212 1.0% 95% 11.4 7.7

CHECKED BY:

On-Site North Basins

On-Site South Basins

Time of Concentration
STANDARD FORM SF-2

Tc CHECK
(URBANIZED BASINS)

PROJECT NAME:
PROJECT NUMBER:

DATA
INITIAL
TIME (Ti)

TRAVEL TIME
(Tt)

SUB-BASIN

CALCULATED BY:
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Project Lowry - North & South Expansion DATE:
1.97E+08 P1 (1-Hour Rainfall) = 0.86
FSA
MTH

REMARKS
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(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

N1 N1 0.85 0.70 8.66 0.59 2.46 1.46 9.81 4.10 2.34 9.62 N5, N4, N3, N2, N1
N2 N2 0.91 0.72 8.24 0.65 2.50 1.63 9.81 3.51 2.34 8.23 N5, N4, N3, N2
N3 N3 1.39 0.71 8.44 0.99 2.48 2.45 9.81 2.86 2.34 6.71 N5, N4, N3
N4 N4 1.41 0.71 9.81 1.00 2.34 2.36 9.81 1.87 2.34 4.39 N5, N4
N5 N5 1.24 0.70 8.53 0.87 2.47 2.15
N6 N6 1.97 0.67 11.31 1.33 2.21 2.94

N-R1 N-R1 2.41 0.79 5.81 1.90 2.80 5.33

POND C POND C 1.25 0.14 9.60 0.17 2.36 0.40 29.28 8.07 1.37 11.04
N1, N2, N3, N4, N5, N6, N-R1, EX-1,
SWALE-N

SWALE-N SWALE-N 1.23 0.13 29.28 0.16 1.37 0.22
EX-1 EX-1 0.51 0.79 6.97 0.40 2.65 1.07

S1 S1 0.19 0.79 6.15 0.15 2.75 0.42
S2 S2 0.79 0.76 5.00 0.60 2.92 1.75 14.78 3.56 1.97 7.01 S10, S4, S3, S2

S3 S3 0.54 0.79 5.00 0.42 2.92 1.24 14.78 2.97 1.97 5.83 S10, S4, S3

S4 S4 1.14 0.73 8.90 0.83 2.43 2.02 14.78 2.54 1.97 5.00 S10, S4

S5 S5 0.63 0.65 9.53 0.41 2.37 0.97
S6 S6 1.18 0.68 7.68 0.80 2.56 2.05 9.53 1.21 2.37 2.87 S5, S6

S7 S7 0.29 0.69 5.30 0.20 2.87 0.57
S8 S8 0.49 0.77 5.15 0.38 2.89 1.10 9.53 1.59 2.37 3.76 S5, S6, S8

S9 S9 2.83 0.74 5.00 2.08 2.92 6.07
S10 S10 3.66 0.47 14.78 1.71 1.97 3.36
S11 S11 1.42 0.69 6.85 0.97 2.66 2.59
S12 S12 0.17 0.62 5.00 0.10 2.92 0.30
S13 S13 2.40 0.79 9.46 1.90 2.38 4.52 9.46 2.88 2.38 6.84 S11, S13

S14 S14 2.20 0.72 10.43 1.58 2.29 3.63
S15 S15 1.35 0.69 9.85 0.93 2.34 2.17
S16 S16 0.57 0.79 6.40 0.45 2.72 1.23
S-R1 S-R1 0.69 0.79 9.33 0.55 2.39 1.31

POND D POND D 1.65 0.16 11.99 0.27 2.16 0.59 14.78 8.23 1.97 16.18 All South Basins, Except S9, S11- S16

EX-R1 EX-R1 2.41 0.79 7.65 1.90 2.57 4.89

On-Site North Basins

On-Site South Basins

ST
O

R
M

L
IN

E

(1)

STANDARD FORM SF-3
STORM DRAINAGE DESIGN - RATIONAL METHOD X YEAR EVENT

4/29/2024

DIRECT RUNOFF TOTAL RUNOFF STREET PIPE TRAVEL TIME

PROJECT NAME:
PROJECT NUMBER:

CALCULATED BY:
CHECKED BY:



Project Lowry - North & South Expansion DATE:
196772002 P1 (1-Hour Rainfall) = 2.46
FSA
MTH
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(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

N1 N1 0.85 0.82 8.66 0.70 7.03 4.90 9.81 4.80 6.71 32.18 N5, N4, N3, N2, N1
N2 N2 0.91 0.83 8.24 0.76 7.16 5.41 1.41 3.32 10.34 34.33 N5, N4, N3, N2
N3 N3 1.39 0.83 8.44 1.15 7.09 8.17 9.81 3.35 6.71 22.44 N5, N4, N3
N4 N4 1.41 0.83 9.81 1.17 6.71 7.87 9.81 2.19 6.71 14.71 N5, N4
N5 N5 1.24 0.83 8.53 1.02 7.07 7.21
N6 N6 1.97 0.81 11.31 1.60 6.33 10.11

N-R1 N-R1 2.41 0.87 5.81 2.10 8.01 16.82

POND C POND C 1.25 0.52 9.60 0.66 6.76 4.44 29.28 10.24 3.92 40.07
N1, N2, N3, N4, N5, N6, N-R1, EX-1,
SWALE-N

SWALE-N SWALE-N 1.23 0.52 29.28 0.64 3.92 2.50
EX-1 EX-1 0.51 0.87 6.97 0.45 7.57 3.37

S1 S1 0.19 0.87 6.15 0.17 7.87 1.32
S2 S2 0.79 0.86 5.00 0.67 8.34 5.63 14.78 4.66 5.62 26.20 S10, S4, S3, S2

S3 S3 0.54 0.87 5.00 0.47 8.34 3.90 14.78 3.99 5.62 22.41 S10, S4, S3

S4 S4 1.14 0.84 8.90 0.96 6.96 6.65 14.78 3.52 5.62 19.78 S10, S4

S5 S5 0.63 0.80 9.53 0.50 6.78 3.40
S6 S6 1.18 0.81 7.68 0.96 7.33 7.02 9.53 1.46 6.78 9.90 S5, S6

S7 S7 0.29 0.82 5.30 0.24 8.22 1.95
S8 S8 0.49 0.86 5.15 0.42 8.28 3.50 9.53 1.88 6.78 12.76 S5, S6, S8

S9 S9 2.83 0.84 5.00 2.38 8.34 19.88
S10 S10 3.66 0.70 14.78 2.56 5.62 14.41
S11 S11 1.42 0.82 6.85 1.16 7.61 8.83
S12 S12 0.17 0.78 5.00 0.13 8.34 1.10
S13 S13 2.40 0.87 9.46 2.10 6.80 14.27 9.46 3.26 6.80 22.15 S11, S13

S14 S14 2.20 0.83 10.43 1.84 6.55 12.03
S15 S15 1.35 0.82 9.85 1.10 6.70 7.39
S16 S16 0.57 0.87 6.40 0.50 7.78 3.88
S-R1 S-R1 0.69 0.87 9.33 0.61 6.84 4.14

POND D POND D 1.65 0.54 11.99 0.89 6.18 5.50 14.78 9.94 5.62 55.87 All South Basins, Except S9, S11- S16

EX-R1 EX-R1 2.41 0.87 7.65 2.10 7.34 15.42

TRAVEL TIME
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(1)

On-Site North  Basins

On-Site South Basins

PIPE
CHECKED BY:

DIRECT RUNOFF TOTAL RUNOFF STREET

CALCULATED BY:

STANDARD FORM SF-3
STORM DRAINAGE DESIGN - RATIONAL METHOD 100 YEAR EVENT

PROJECT NAME: 4/29/2024
PROJECT NUMBER:



PROJECT NAME: Project Lowry - North & South Expansion DATE: 4/19/2024
PROJECT NUMBER: 196772002
CALCULATED BY: FSA

CHECKED BY: MTH

IMPERVIOUSNESS PEAK FLOWS (CFS)
% Q2 Q100 Q2 Q100

N1 N1 0.85 85% 1.46 4.90 9.62 32.18
N2 N2 0.91 87% 1.63 5.41 8.23 34.33
N3 N3 1.39 86% 2.45 8.17 6.71 22.44
N4 N4 1.41 86% 2.36 7.87 4.39 14.71
N5 N5 1.24 85% 2.15 7.21
N6 N6 1.97 82% 2.94 10.11

N-R1 N-R1 2.41 95% 5.33 16.82
POND C POND C 1.25 21% 0.40 4.44 11.04 40.07

SWALE-N SWALE-N 1.23 20% 0.22 2.50
EX-1 EX-1 0.51 95% 1.07 3.37

13.16 75% 19.99 70.80

S1 S1 0.19 95% 0.42 1.32
S2 S2 0.79 91% 1.75 5.63 7.01 26.20
S3 S3 0.54 95% 1.24 3.90 5.83 22.41
S4 S4 1.14 88% 2.02 6.65 5.00 19.78
S5 S5 0.63 79% 0.97 3.40
S6 S6 1.18 83% 2.05 7.02 2.87 9.90
S7 S7 0.29 83% 0.57 1.95
S8 S8 0.49 93% 1.10 3.50 3.76 12.76
S9 S9 2.83 89% 6.07 19.88

S10 S10 3.66 58% 3.36 14.41
S11 S11 1.42 83% 2.59 8.83
S12 S12 0.17 75% 0.30 1.10
S13 S13 2.40 95% 4.52 14.27 6.84 22.15
S14 S14 2.20 87% 3.63 12.03
S15 S15 1.35 83% 2.17 7.39
S16 S16 0.57 95% 1.23 3.88
S-R1 S-R1 0.69 95% 1.31 4.14

POND D POND D 1.65 24% 0.59 5.50 16.18 55.87
EX-R1 EX-R1 2.41 95% 4.89 15.42

24.59 80% 40.77 140.21TOTAL

DESIGN POINT TRIBUTARY
BASINS

TRIBUTARY
AREA
(AC)

TOTAL

 RATIONAL CALCULATIONS SUMMARY (N & S EXPANSION)

On-Site North Basins

On-Site South Basins

CUMULATIVE FLOWS (CFS)



PROJECT NAME: Project Lowry - North & South Expansion DATE 4/19/2024
PROJECT NUMBER: 196772002
CALCULATED BY: FSA

CHECKED BY: MTH

S1 0.19 0.19 0.00 S1 0.00 0.00 0.20 0.00 0.00
S2 0.79 0.79 0.00 S2 0.04 0.24 0.51 0.00 0.00
S3 0.54 0.54 0.00 S3 0.00 0.00 0.54 0.00 0.00
S4 1.14 1.14 0.00 S4 0.10 0.00 1.04 0.00 0.00
S5 0.63 0.63 0.00 S5 0.14 0.01 0.49 0.00 0.00
S6 1.18 1.18 0.00 S6 0.19 0.02 0.96 0.00 0.00
S7 0.29 0.29 0.00 S7 0.05 0.00 0.25 0.00 0.00
S8 0.49 0.49 0.00 S8 0.01 0.01 0.46 0.00 0.00
S9 2.83 0.37 2.46 S9 0.23 0.14 0.00 0.00 0.00

S10 3.66 1.87 1.79 S10 0.00 0.00 1.87 0.00 0.00
S11 1.42 1.42 0.00 S11 0.22 0.01 1.19 0.01 0.00
S12 0.17 0.17 0.00 S12 0.04 0.12 0.00 0.00 0.00
S13 2.40 0.05 2.35 S13 0.00 0.05 0.00 0.00 0.00
S14 2.20 0.36 1.84 S14 0.24 0.12 0.00 0.00 0.00
S15 1.35 0.35 1.00 S15 0.21 0.13 0.00 0.00 0.00
S16 0.57 0.07 0.50 S16 0.00 0.07 0.00 0.00 0.00
S-R1 0.69 0.69 0.00 S-R1 0.00 0.00 0.00 0.00 0.69

POND D 1.65 1.65 0.00 POND D 1.56 0.09 0.00 0.00 0.00
EX-R1 2.41 0.00 2.41 EX-R1 0.00 0.00 0.00 0.00 0.00
TOTAL 24.59 12.24 12.35 Sub-Total 3.04 1.01 7.49 0.01 0.69

Total

BASIN AREA DISTURBED AREA (AC) UNDISTIRUBED AREA (AC)

SOUTH EXPANSION DISTURBED AREA DISTURBED AREA BY LAND USE

12.24

LANDSCAPE
(AC)

CONCRET
E (AC)

PVMT
(AC)

GRAVEL
(AC)

ROOF
(AC)



PROJECT NAME: Project Lowry - South Expansion (DISTURBED ONLY) DATE: 4/18/2024
PROJECT NUMBER: 196772002

CALCULATED BY: FSA
CHECKED BY: MTH

SOIL:

LANDSCAPE CONCRETE PAVEMENT GRAVEL ROOF
LAND USE: AREA AREA AREA AREA AREA

2-YEAR COEFF. 0.13 0.79 0.79 0.29 0.79
5-YEAR COEFF. 0.15 0.81 0.81 0.32 0.81

10-YEAR COEFF. 0.22 0.83 0.83 0.38 0.83
100-YEAR COEFF. 0.52 0.87 0.87 0.61 0.87

IMPERVIOUS % 20% 95% 95% 40% 95%
LANDSCAPE CONCRETE PAVEMENT GRAVEL ROOF TOTAL

DESIGN DESIGN AREA AREA AREA AREA AREA AREA
BASIN POINT (AC) (AC) (AC) (AC) (AC) (AC) C(2) C(5) C(10) C(100) Imp %

Total Disturbed 3.04 1.01 7.49 0.01 0.69 12.24 0.63 0.65 0.68 0.78 76%
3.04 1.01 7.49 0.01 0.69 12.24 0.63 0.65 0.68 0.78 76%
25% 8% 61% 0% 6% 100%

0.00 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
0.00 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
0.00 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
0.00 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
0.00 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
0.00 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
0.00 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

0.00 0.00 0.00 0.00 0.00 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!BASIN  SUBTOTAL

BASIN  SUBTOTAL

STANDARD FORM SF-1

On-Site Basins

Off-Site Basins

RUNOFF COEFFICIENTS - IMPERVIOUS CALCULATION



Project Lowry
Preliminary Drainage Report
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Appendix C
Detention Calculations
StormCAD Analysis (to be included with FDR)



Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 4.11 0.000

Selected BMP Type = EDB Note: L / W Ratio < 1 5412.2 -- 0.20 -- -- -- 800 0.018 80 0.002

Watershed Area = 8.78 acres L / W Ratio = 0.94 5412.4 -- 0.40 -- -- -- 5,461.14 0.125 706 0.016

Watershed Length = 600 ft 5412.6 -- 0.60 -- -- -- 9,593.43 0.220 2,212 0.051
Watershed Length to Centroid = 300 ft 5412.8 -- 0.80 -- -- -- 14,851.80 0.341 4,656 0.107

Watershed Slope = 0.020 ft/ft 5413 -- 1.00 -- -- -- 17,564.81 0.403 7,898 0.181
Watershed Imperviousness = 51.05% percent 5413.2 -- 1.20 -- -- -- 19,383.88 0.445 11,593 0.266

Percentage Hydrologic Soil Group A = 77.0% percent 5413.4 -- 1.40 -- -- -- 20,721.98 0.476 15,603 0.358
Percentage Hydrologic Soil Group B = 23.0% percent 5413.6 -- 1.60 -- -- -- 21,679.07 0.498 19,843 0.456

Percentage Hydrologic Soil Groups C/D = 0.0% percent 5413.8 -- 1.80 -- -- -- 22,645.34 0.520 24,276 0.557
Target WQCV Drain Time = 40.0 hours 5414 -- 2.00 -- -- -- 23,632.57 0.543 28,904 0.664

Location for 1-hr Rainfall Depths = Aurora  - Municipal Center 5414.2 -- 2.20 -- -- -- 24,640.76 0.566 33,731 0.774
5414.4 -- 2.40 -- -- -- 25,657.36 0.589 38,761 0.890
5414.6 -- 2.60 -- -- -- 26,667.88 0.612 43,993 1.010

Optional User Overrides 5414.8 -- 2.80 -- -- -- 27,152.79 0.623 49,375 1.134
Water Quality Capture Volume (WQCV) = 0.153 acre-feet acre-feet 5415 -- 3.00 -- -- -- 26,050.55 0.598 54,696 1.256

Excess Urban Runoff Volume (EURV) = 0.511 acre-feet acre-feet 5415.2 -- 3.20 -- -- -- 25,160.04 0.578 59,817 1.373
2-yr Runoff Volume (P1 = 0.86 in.) = 0.256 acre-feet 0.86 inches 5415.4 -- 3.40 -- -- -- 25,804 0.592 64,913 1.490
5-yr Runoff Volume (P1 = 1.14 in.) = 0.358 acre-feet 1.14 inches 5415.6 -- 3.60 -- -- -- 25,246 0.580 70,018 1.607
10-yr Runoff Volume (P1 = 1.4 in.) = 0.459 acre-feet 1.40 inches 5416.2 -- 4.20 -- -- -- 34,000 0.781 87,792 2.015

25-yr Runoff Volume (P1 = 1.79 in.) = 0.681 acre-feet 1.79 inches -- -- -- --
50-yr Runoff Volume (P1 = 2.11 in.) = 0.875 acre-feet 2.11 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.46 in.) = 1.128 acre-feet 2.46 inches -- -- -- --
500-yr Runoff Volume (P1 = 3.38 in.) = 1.763 acre-feet 3.38 inches -- -- -- --
Approximate 2-yr Detention Volume = 0.246 acre-feet -- -- -- --
Approximate 5-yr Detention Volume = 0.344 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.451 acre-feet -- -- -- --
Approximate 25-yr Detention Volume = 0.599 acre-feet -- -- -- --
Approximate 50-yr Detention Volume = 0.689 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.805 acre-feet -- -- -- --
-- -- -- --

Define Zones and Basin Geometry -- -- -- --
Zone 1 Volume (WQCV) = 0.153 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.358 acre-feet -- -- -- --
Zone 3 Volume (100-year - Zones 1 & 2) = 0.294 acre-feet -- -- -- --

Total Detention Basin Volume = 0.805 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)

Project Lowry

Existing North Pond (Pond A) As-Built using 2024 COA Drainage Criteria (Proposed Condition)

MHFD-Detention, Version 4.06 (July 2022)

Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

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)

Lowry_MHFD-Detention_Existing North Pond - Updated.xlsm, Basin 4/18/2024, 4:37 PM



1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs 1 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
0.93 Zone 1 (WQCV) 0.93 Zone 1 (WQCV)
1.71 Zone 2 (EURV) 1.71 Zone 2 (EURV)
2.26 Zone 3 (100-year) 2.26 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.06 (July 2022)
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  Project:
  Basin ID:

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

Zone 1 (WQCV) 0.93 0.153 Orifice Plate

Zone 2 (EURV) 1.71 0.358 Orifice Plate

Zone 3 (100-year) 2.26 0.294 Weir&Pipe (Restrict)

Total (all zones) 0.805
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
Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 1.007E-02 ft2

Depth at top of Zone using Orifice Plate = 2.00 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 8.00 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 1.45 sq. inches (diameter = 1-3/8 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 0.70 1.40
Orifice Area (sq. inches) 1.45 1.45 1.45

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
Not Selected Not Selected Not Selected Not Selected

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

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A 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 = 1.46 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 1.46 N/A feet
Overflow Weir Front Edge Length = 3.00 N/A feet Overflow Weir Slope Length = 2.75 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 8.63 N/A
Horiz. Length of Weir Sides = 2.75 N/A feet Overflow Grate Open Area w/o Debris = 5.74 N/A ft2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 2.87 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 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.67 N/A ft2

Outlet Pipe Diameter = 15.00 N/A inches Outlet Orifice Centroid = 0.38 N/A feet
Restrictor Plate Height Above Pipe Invert = 8.00 inches Half-Central Angle of Restrictor Plate on Pipe = 1.64 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 2.59 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.36 feet

Spillway Crest Length = 34.50 feet Stage at Top of Freeboard = 3.95 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.69 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 1.82 acre-ft

Max Ponding Depth of Target Storage Volume = 2.25 feet Discharge at Top of Freeboard = 188.72 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 0.86 1.14 1.40 1.79 2.11 2.46 3.38

CUHP Runoff Volume (acre-ft) = 0.153 0.511 0.256 0.358 0.459 0.681 0.875 1.128 1.763
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.256 0.358 0.459 0.681 0.875 1.128 1.763
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.1 0.2 2.8 5.5 8.9 17.6

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.01 0.02 0.32 0.62 1.01 2.01

Peak Inflow Q (cfs) = N/A N/A 4.7 6.5 8.4 13.6 17.8 23.5 36.6
Peak Outflow Q (cfs) = 0.1 2.2 0.1 0.1 0.5 2.5 3.9 4.4 13.9

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.9 2.9 0.9 0.7 0.5 0.8
Structure Controlling Flow = Plate Overflow Weir 1 Plate Plate Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Outlet Plate 1 Spillway

Max Velocity through Grate 1 (fps) = N/A 0.43 N/A N/A 0.1 0.4 0.7 0.7 0.8
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) = 41 72 56 68 74 72 70 67 62
Time to Drain 99% of Inflow Volume (hours) = 42 76 58 71 78 77 76 76 74

Maximum Ponding Depth (ft) = 0.93 1.72 1.15 1.37 1.54 1.71 1.89 2.25 2.78
Area at Maximum Ponding Depth (acres) = 0.38 0.51 0.43 0.47 0.49 0.51 0.53 0.57 0.62

Maximum Volume Stored (acre-ft) = 0.154 0.516 0.240 0.339 0.421 0.511 0.605 0.797 1.121

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 4.06 (July 2022)

Project Lowry
Existing North Pond (Pond A) As-Built using 2024 COA Drainage Criteria (Proposed Condition)

Example Zone Configuration (Retention Pond)

Lowry_MHFD-Detention_Existing North Pond - Updated.xlsm, Outlet Structure 4/18/2024, 4:37 PM
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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 1 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) 4 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 94
Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 116

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 173
Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 138

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 155 Spillway Depth
Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 172 0.36

WQ Plate Flow at 100yr depth = 0.18 0.97(diameter = 1-1/8 inches) 50 Year 190
CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 226 1 Z1_Boolean
n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 279 1 Z2_Boolean
n*Cdo #1 = 0.74 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) Opening Message
CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running
n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)
n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 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 1 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 0 EURV-WQCV VertOriice
Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak
Outlet3_Pulldown_Boolean 0 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 4.00 80,000 190

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

MHFD-Detention, Version 4.06 (July 2022)
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 0.00 0.49
0:15:00 0.00 0.00 0.32 0.87 1.29 1.04 1.48 1.55 2.51
0:20:00 0.00 0.00 2.10 2.98 3.77 2.69 3.35 3.80 5.50
0:25:00 0.00 0.00 4.38 6.03 8.09 5.56 6.94 7.99 12.63
0:30:00 0.00 0.00 4.67 6.54 8.36 12.65 17.05 21.02 34.01
0:35:00 0.00 0.00 3.96 5.41 6.81 13.56 17.81 23.51 36.62
0:40:00 0.00 0.00 3.29 4.38 5.49 12.05 15.79 20.59 31.93
0:45:00 0.00 0.00 2.57 3.52 4.41 9.63 12.51 17.31 26.85
0:50:00 0.00 0.00 2.13 2.98 3.65 7.85 10.15 13.95 21.77
0:55:00 0.00 0.00 1.80 2.49 3.07 6.13 7.91 11.16 17.68
1:00:00 0.00 0.00 1.50 2.06 2.57 4.90 6.28 9.24 14.78
1:05:00 0.00 0.00 1.27 1.72 2.16 3.94 5.01 7.71 12.38
1:10:00 0.00 0.00 1.02 1.53 1.96 2.93 3.62 5.30 8.42
1:15:00 0.00 0.00 0.89 1.39 1.89 2.37 2.89 3.89 6.19
1:20:00 0.00 0.00 0.82 1.26 1.73 1.93 2.33 2.83 4.43
1:25:00 0.00 0.00 0.78 1.18 1.52 1.68 2.02 2.17 3.32
1:30:00 0.00 0.00 0.75 1.12 1.37 1.44 1.71 1.79 2.66
1:35:00 0.00 0.00 0.74 1.09 1.28 1.28 1.52 1.54 2.22
1:40:00 0.00 0.00 0.72 0.96 1.21 1.19 1.40 1.38 1.93
1:45:00 0.00 0.00 0.72 0.87 1.17 1.12 1.32 1.27 1.76
1:50:00 0.00 0.00 0.71 0.81 1.13 1.08 1.27 1.24 1.71
1:55:00 0.00 0.00 0.60 0.77 1.08 1.06 1.25 1.23 1.68
2:00:00 0.00 0.00 0.52 0.72 0.96 1.05 1.23 1.22 1.68
2:05:00 0.00 0.00 0.34 0.48 0.64 0.69 0.82 0.81 1.11
2:10:00 0.00 0.00 0.22 0.31 0.42 0.46 0.53 0.53 0.73
2:15:00 0.00 0.00 0.14 0.20 0.27 0.29 0.34 0.34 0.46
2:20:00 0.00 0.00 0.09 0.12 0.17 0.18 0.21 0.21 0.28
2:25:00 0.00 0.00 0.05 0.07 0.10 0.11 0.13 0.13 0.17
2:30:00 0.00 0.00 0.02 0.04 0.05 0.06 0.07 0.07 0.09
2:35:00 0.00 0.00 0.01 0.02 0.02 0.02 0.03 0.02 0.03
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

Lowry_MHFD-Detention_Existing North Pond - Updated.xlsm, Outlet Structure 4/18/2024, 4:37 PM

fariza.alam
Text Box
OUTLET STRUCTURE CALCULATIONS PROVIDED FOR REFERENCE ONLY, AND WILL NOT BE REVIEWED WITH THE PDR.



Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 149.12 0.003

Selected BMP Type = EDB 5415.60 -- 0.20 -- -- -- 1,163.43 0.027 131 0.003

Watershed Area = 7.90 acres 5415.80 -- 0.40 -- -- -- 4,522.67 0.104 700 0.016

Watershed Length = 800 ft 5416.00 -- 0.60 -- -- -- 10,422.34 0.239 2,194 0.050
Watershed Length to Centroid = 400 ft 5416.20 -- 0.80 -- -- -- 15,330.12 0.352 4,769 0.109

Watershed Slope = 0.015 ft/ft 5416.40 -- 1.00 -- -- -- 19,519.98 0.448 8,254 0.189
Watershed Imperviousness = 63.28% percent 5416.60 -- 1.20 -- -- -- 23,118.82 0.531 12,518 0.287

Percentage Hydrologic Soil Group A = 77.0% percent 5416.80 -- 1.40 -- -- -- 27,123.18 0.623 17,542 0.403
Percentage Hydrologic Soil Group B = 23.0% percent 5417.00 -- 1.60 -- -- -- 29,249.28 0.671 23,180 0.532

Percentage Hydrologic Soil Groups C/D = 0.0% percent 5417.20 -- 1.80 -- -- -- 30,530.66 0.701 29,158 0.669
Target WQCV Drain Time = 40.0 hours 5417.40 -- 2.00 -- -- -- 31,512.45 0.723 35,362 0.812

Location for 1-hr Rainfall Depths = Aurora  - Municipal Center 5417.60 -- 2.20 -- -- -- 32,462.15 0.745 41,759 0.959
5417.80 -- 2.40 -- -- -- 33,420.32 0.767 48,348 1.110
5418.00 -- 2.60 -- -- -- 34,391.49 0.790 55,129 1.266

Optional User Overrides 5418.20 -- 2.80 -- -- -- 35,442.76 0.814 62,112 1.426
Water Quality Capture Volume (WQCV) = 0.163 acre-feet acre-feet 5418.40 -- 3.00 -- -- -- 36,461.20 0.837 69,303 1.591

Excess Urban Runoff Volume (EURV) = 0.599 acre-feet acre-feet 5418.60 -- 3.20 -- -- -- 37,495.06 0.861 76,698 1.761
2-yr Runoff Volume (P1 = 0.86 in.) = 0.308 acre-feet 0.86 inches 5418.80 -- 3.40 -- -- -- 38,533.82 0.885 84,301 1.935
5-yr Runoff Volume (P1 = 1.14 in.) = 0.425 acre-feet 1.14 inches 5419.00 -- 3.60 -- -- -- 39,579.07 0.909 92,112 2.115
10-yr Runoff Volume (P1 = 1.4 in.) = 0.541 acre-feet 1.40 inches 5419.20 -- 3.80 -- -- -- 40,632.24 0.933 100,134 2.299

25-yr Runoff Volume (P1 = 1.79 in.) = 0.761 acre-feet 1.79 inches 5419.40 -- 4.00 -- -- -- 41,693.55 0.957 108,366 2.488
50-yr Runoff Volume (P1 = 2.11 in.) = 0.949 acre-feet 2.11 inches 5419.60 -- 4.20 -- -- -- 42,747.46 0.981 116,810 2.682

100-yr Runoff Volume (P1 = 2.46 in.) = 1.185 acre-feet 2.46 inches 5419.80 -- 4.40 -- -- -- 43,852.58 1.007 125,470 2.880
500-yr Runoff Volume (P1 = 3.38 in.) = 1.779 acre-feet 3.38 inches 5420.00 -- 4.60 -- -- -- 45,046.45 1.034 134,360 3.084
Approximate 2-yr Detention Volume = 0.293 acre-feet 5420.20 -- 4.80 -- -- -- 46,587.93 1.070 143,524 3.295
Approximate 5-yr Detention Volume = 0.405 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.522 acre-feet -- -- -- --
Approximate 25-yr Detention Volume = 0.685 acre-feet -- -- -- --
Approximate 50-yr Detention Volume = 0.782 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.892 acre-feet -- -- -- --
-- -- -- --

Define Zones and Basin Geometry -- -- -- --
Zone 1 Volume (WQCV) = 0.163 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.436 acre-feet -- -- -- --
Zone 3 Volume (100-year - Zones 1 & 2) = 0.293 acre-feet -- -- -- --

Total Detention Basin Volume = 0.892 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 -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

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

the embedded Colorado Urban Hydrograph Procedure.
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Existing South Pond (Pond B) As-Builts using 2024 COA Drainage Criteria (Proposed Condition)
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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
0.94 Zone 1 (WQCV) 0.94 Zone 1 (WQCV)
1.70 Zone 2 (EURV) 1.70 Zone 2 (EURV)
2.11 Zone 3 (100-year) 2.11 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.06 (July 2022)
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  Project:
  Basin ID:

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

Zone 1 (WQCV) 0.94 0.163 Orifice Plate

Zone 2 (EURV) 1.70 0.436 Orifice Plate

Zone 3 (100-year) 2.11 0.293 Weir&Pipe (Restrict)

Total (all zones) 0.892
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
Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 1.118E-02 ft2

Depth at top of Zone using Orifice Plate = 1.59 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 8.00 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 1.61 sq. inches (diameter = 1-7/16 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 0.70 1.40
Orifice Area (sq. inches) 1.61 1.61 1.61

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
Not Selected Not Selected Not Selected Not Selected

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

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A 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 = 1.80 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 1.80 N/A feet
Overflow Weir Front Edge Length = 3.33 N/A feet Overflow Weir Slope Length = 2.75 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 9.58 N/A
Horiz. Length of Weir Sides = 2.75 N/A feet Overflow Grate Open Area w/o Debris = 6.37 N/A ft2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 3.19 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 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.67 N/A ft2

Outlet Pipe Diameter = 15.00 N/A inches Outlet Orifice Centroid = 0.38 N/A feet
Restrictor Plate Height Above Pipe Invert = 8.00 inches Half-Central Angle of Restrictor Plate on Pipe = 1.64 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 2.59 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.55 feet

Spillway Crest Length = 15.00 feet Stage at Top of Freeboard = 4.14 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.97 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 2.62 acre-ft

Max Ponding Depth of Target Storage Volume = 2.15 feet Discharge at Top of Freeboard = 121.77 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 0.86 1.14 1.40 1.79 2.11 2.46 3.38

CUHP Runoff Volume (acre-ft) = 0.163 0.599 0.308 0.425 0.541 0.761 0.949 1.185 1.779
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.308 0.425 0.541 0.761 0.949 1.185 1.779
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.1 0.1 1.8 3.7 5.9 12.0

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.01 0.01 0.23 0.46 0.75 1.52

Peak Inflow Q (cfs) = N/A N/A 4.9 6.7 8.5 12.8 16.2 20.6 31.0
Peak Outflow Q (cfs) = 0.1 0.2 0.1 0.1 0.1 0.5 1.8 4.2 6.0

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.7 1.3 0.3 0.5 0.7 0.5
Structure Controlling Flow = Plate Plate Plate Plate Plate Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.1 0.3 0.6 0.7
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) = 38 82 57 69 78 90 89 87 82
Time to Drain 99% of Inflow Volume (hours) = 40 86 60 72 82 95 95 95 94

Maximum Ponding Depth (ft) = 0.94 1.70 1.21 1.41 1.58 1.87 1.99 2.15 2.68
Area at Maximum Ponding Depth (acres) = 0.42 0.69 0.53 0.62 0.66 0.71 0.72 0.74 0.80

Maximum Volume Stored (acre-ft) = 0.163 0.600 0.287 0.403 0.512 0.719 0.797 0.922 1.321

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)

Project Lowry
Existing South Pond (Pond B) As-Builts using 2024 COA Drainage Criteria (Proposed Condition)

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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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 1 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) 4 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 95
Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 122

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 171
Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 142

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 159 Spillway Depth
Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 188 0.55

WQ Plate Flow at 100yr depth = 0.19 0.97(diameter = 1-1/8 inches) 50 Year 200
CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 216 1 Z1_Boolean
n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 269 1 Z2_Boolean
n*Cdo #1 = 0.74 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) Opening Message
CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running
n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)
n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 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 1 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 0 EURV-WQCV VertOriice
Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak
Outlet3_Pulldown_Boolean 0 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 6.00 120,000 130

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

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 0.00 0.47
0:15:00 0.00 0.00 0.31 0.84 1.24 0.99 1.40 1.47 2.42
0:20:00 0.00 0.00 2.04 2.93 3.71 2.65 3.32 3.74 5.45
0:25:00 0.00 0.00 4.39 5.98 7.80 5.57 6.79 7.71 11.68
0:30:00 0.00 0.00 4.94 6.72 8.47 11.64 14.97 17.92 27.52
0:35:00 0.00 0.00 4.45 5.95 7.42 12.80 16.25 20.65 30.99
0:40:00 0.00 0.00 3.91 5.12 6.35 11.95 15.13 19.12 28.60
0:45:00 0.00 0.00 3.24 4.34 5.41 10.22 12.88 16.97 25.42
0:50:00 0.00 0.00 2.71 3.72 4.55 8.88 11.17 14.65 21.98
0:55:00 0.00 0.00 2.37 3.23 3.99 7.26 9.07 12.18 18.35
1:00:00 0.00 0.00 2.12 2.88 3.59 6.15 7.68 10.57 16.03
1:05:00 0.00 0.00 1.90 2.56 3.21 5.33 6.64 9.42 14.35
1:10:00 0.00 0.00 1.57 2.26 2.85 4.45 5.50 7.53 11.41
1:15:00 0.00 0.00 1.29 1.92 2.55 3.68 4.50 5.94 8.94
1:20:00 0.00 0.00 1.10 1.65 2.22 2.91 3.52 4.38 6.53
1:25:00 0.00 0.00 1.00 1.50 1.94 2.36 2.83 3.26 4.82
1:30:00 0.00 0.00 0.95 1.42 1.75 1.96 2.34 2.59 3.79
1:35:00 0.00 0.00 0.92 1.36 1.63 1.72 2.04 2.19 3.17
1:40:00 0.00 0.00 0.90 1.22 1.53 1.56 1.84 1.92 2.74
1:45:00 0.00 0.00 0.88 1.11 1.47 1.45 1.71 1.74 2.45
1:50:00 0.00 0.00 0.87 1.04 1.42 1.38 1.62 1.62 2.25
1:55:00 0.00 0.00 0.75 0.98 1.35 1.33 1.56 1.54 2.12
2:00:00 0.00 0.00 0.66 0.91 1.22 1.29 1.52 1.49 2.05
2:05:00 0.00 0.00 0.48 0.66 0.89 0.94 1.11 1.09 1.49
2:10:00 0.00 0.00 0.35 0.47 0.63 0.67 0.79 0.78 1.07
2:15:00 0.00 0.00 0.24 0.33 0.45 0.48 0.56 0.56 0.76
2:20:00 0.00 0.00 0.17 0.23 0.31 0.33 0.39 0.39 0.53
2:25:00 0.00 0.00 0.12 0.15 0.21 0.23 0.27 0.26 0.36
2:30:00 0.00 0.00 0.08 0.10 0.14 0.16 0.18 0.18 0.25
2:35:00 0.00 0.00 0.05 0.07 0.09 0.10 0.12 0.12 0.16
2:40:00 0.00 0.00 0.02 0.04 0.05 0.06 0.07 0.07 0.09
2:45:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.04
2:50:00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
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
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB 5419 -- 0.85 -- -- -- 19,895 0.457 8,455 0.194

Watershed Area = 13.16 acres 5420 -- 1.85 -- -- -- 22,165 0.509 29,485 0.677

Watershed Length = 1,490 ft 5421 -- 2.85 -- -- -- 24,535 0.563 52,835 1.213
Watershed Length to Centroid = 745 ft 5422 -- 3.85 -- -- -- 27,005 0.620 78,605 1.805

Watershed Slope = 0.020 ft/ft 5423.15 -- 5.00 -- -- -- 29,575 0.679 111,138 2.551
Watershed Imperviousness = 75.00% percent -- -- -- --

Percentage Hydrologic Soil Group A = 47.8% percent -- -- -- --
Percentage Hydrologic Soil Group B = 52.2% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --
Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Aurora  - Municipal Center -- -- -- --
-- -- -- --
-- -- -- --

Optional User Overrides -- -- -- --
Water Quality Capture Volume (WQCV) = 0.328 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 1.178 acre-feet acre-feet -- -- -- --
2-yr Runoff Volume (P1 = 0.86 in.) = 0.644 acre-feet 0.86 inches -- -- -- --
5-yr Runoff Volume (P1 = 1.14 in.) = 0.896 acre-feet 1.14 inches -- -- -- --
10-yr Runoff Volume (P1 = 1.4 in.) = 1.133 acre-feet 1.40 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.79 in.) = 1.582 acre-feet 1.79 inches -- -- -- --
50-yr Runoff Volume (P1 = 2.11 in.) = 1.932 acre-feet 2.11 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.46 in.) = 2.356 acre-feet 2.46 inches -- -- -- --
500-yr Runoff Volume (P1 = 3.38 in.) = 3.403 acre-feet 3.38 inches -- -- -- --
Approximate 2-yr Detention Volume = 0.612 acre-feet -- -- -- --
Approximate 5-yr Detention Volume = 0.846 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.092 acre-feet -- -- -- --
Approximate 25-yr Detention Volume = 1.377 acre-feet -- -- -- --
Approximate 50-yr Detention Volume = 1.538 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 1.718 acre-feet -- -- -- --
-- -- -- --

Define Zones and Basin Geometry -- -- -- --
Zone 1 Volume (WQCV) = 0.328 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.850 acre-feet -- -- -- --
Zone 3 Volume (100-year - Zones 1 & 2) = 0.539 acre-feet -- -- -- --

Total Detention Basin Volume = 1.718 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
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Project Lowry

Pond C - North Expansion
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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
1.14 Zone 1 (WQCV) 1.14 Zone 1 (WQCV)
2.79 Zone 2 (EURV) 2.79 Zone 2 (EURV)
3.71 Zone 3 (100-year) 3.71 Zone 3 (100-year)

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) 1.14 0.328 Orifice Plate

Zone 2 (EURV) 2.79 0.850 Orifice Plate

Zone 3 (100-year) 3.71 0.539 Weir&Pipe (Restrict)

Total (all zones) 1.718
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
Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 2.396E-02 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 = 11.20 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 3.45 sq. inches (use rectangular openings) 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 1.00 2.00
Orifice Area (sq. inches) 3.45 3.45 3.45

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
Not Selected Not Selected Not Selected Not Selected

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

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A 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 = 3.00 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.66 N/A feet
Overflow Weir Front Edge Length = 3.43 N/A feet Overflow Weir Slope Length = 2.70 N/A feet

Overflow Weir Grate Slope = 4.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 3.65 N/A
Horiz. Length of Weir Sides = 2.62 N/A feet Overflow Grate Open Area w/o Debris = 6.45 N/A ft2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 3.22 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 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 1.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.77 N/A ft2

Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.75 N/A feet
Restrictor Plate Height Above Pipe Invert = 18.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 4.02 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.27 feet

Spillway Crest Length = 80.00 feet Stage at Top of Freeboard = 5.29 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.68 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 2.55 acre-ft

Max Ponding Depth of Target Storage Volume = 4.01 feet Discharge at Top of Freeboard = 260.41 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 0.86 1.14 1.40 1.79 2.11 2.46 3.38

CUHP Runoff Volume (acre-ft) = 0.328 1.178 0.644 0.896 1.133 1.582 1.932 2.356 3.403
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.644 0.896 1.133 1.582 1.932 2.356 3.403
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.1 0.1 0.2 4.1 6.7 10.4 18.5

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.01 0.01 0.31 0.51 0.79 1.40

Peak Inflow Q (cfs) = N/A N/A 9.3 12.8 15.9 23.5 28.9 35.6 51.5
Peak Outflow Q (cfs) = 0.2 0.4 0.2 0.3 0.4 1.1 3.0 6.1 29.7

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 2.9 2.3 0.3 0.4 0.6 1.6
Structure Controlling Flow = Plate Plate Plate Plate Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.1 0.4 0.9 1.2
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) = 39 71 56 65 71 77 77 75 71
Time to Drain 99% of Inflow Volume (hours) = 41 75 59 68 75 83 84 83 81

Maximum Ponding Depth (ft) = 1.14 2.79 1.71 2.17 2.59 3.30 3.64 4.01 4.22
Area at Maximum Ponding Depth (acres) = 0.47 0.56 0.50 0.53 0.55 0.59 0.61 0.63 0.64

Maximum Volume Stored (acre-ft) = 0.329 1.179 0.601 0.842 1.068 1.466 1.676 1.904 2.031

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 1 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) 4 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 115
Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 172

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 280
Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 218

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 260 Spillway Depth
Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 331 0.27

WQ Plate Flow at 100yr depth = 0.59 0.97(diameter = 1-1/8 inches) 50 Year 365
CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 402 1 Z1_Boolean
n*Cdw #1 = 0.32 1.20(diameter = 1-1/4 inches) 500 Year 423 1 Z2_Boolean
n*Cdo #1 = 1.45 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.245 1.45(diameter = 1-3/8 inches) 1 Opening Message
CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running
n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)
n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 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 1 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 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 0 EURV-WQCV VertOriice
Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak
Outlet3_Pulldown_Boolean 0 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 6.00 120,000 270

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

MHFD-Detention, Version 4.06 (July 2022)
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB 5417 -- 0.85 -- -- -- 20,547 0.472 8,732 0.200

Watershed Area = 12.24 acres 5418 -- 1.85 -- -- -- 23,045 0.529 30,528 0.701

Watershed Length = 850 ft 5419 -- 2.85 -- -- -- 25,647 0.589 54,874 1.260
Watershed Length to Centroid = 425 ft 5420 -- 3.85 -- -- -- 28,350 0.651 81,872 1.880

Watershed Slope = 0.030 ft/ft 5421 -- 4.85 -- -- -- 31,154 0.715 111,624 2.563
Watershed Imperviousness = 76.00% percent -- -- -- --

Percentage Hydrologic Soil Group A = 0.0% percent -- -- -- --
Percentage Hydrologic Soil Group B = 100.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --
Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Aurora  - Municipal Center -- -- -- --
-- -- -- --
-- -- -- --

Optional User Overrides -- -- -- --
Water Quality Capture Volume (WQCV) = 0.311 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 1.028 acre-feet acre-feet -- -- -- --
2-yr Runoff Volume (P1 = 0.86 in.) = 0.595 acre-feet 0.86 inches -- -- -- --
5-yr Runoff Volume (P1 = 1.14 in.) = 0.829 acre-feet 1.14 inches -- -- -- --
10-yr Runoff Volume (P1 = 1.4 in.) = 1.073 acre-feet 1.40 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.79 in.) = 1.486 acre-feet 1.79 inches -- -- -- --
50-yr Runoff Volume (P1 = 2.11 in.) = 1.808 acre-feet 2.11 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.46 in.) = 2.184 acre-feet 2.46 inches -- -- -- --
500-yr Runoff Volume (P1 = 3.38 in.) = 3.134 acre-feet 3.38 inches -- -- -- --
Approximate 2-yr Detention Volume = 0.586 acre-feet -- -- -- --
Approximate 5-yr Detention Volume = 0.815 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.072 acre-feet -- -- -- --
Approximate 25-yr Detention Volume = 1.286 acre-feet -- -- -- --
Approximate 50-yr Detention Volume = 1.400 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 1.546 acre-feet -- -- -- --
-- -- -- --

Define Zones and Basin Geometry -- -- -- --
Zone 1 Volume (WQCV) = 0.311 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.717 acre-feet -- -- -- --
Zone 3 Volume (100-year - Zones 1 & 2) = 0.517 acre-feet -- -- -- --

Total Detention Basin Volume = 1.546 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 -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

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)

Project Lowry

Pond D - South Expansion (Disturbed Areas Only)

MHFD-Detention, Version 4.06 (July 2022)

Example Zone Configuration (Retention Pond)

Lowry_MHFD-Detention_v4-06 - Pond D_Dist Only.xlsm, Basin 4/18/2024, 3:55 PM



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
1.09 Zone 1 (WQCV) 1.09 Zone 1 (WQCV)
2.45 Zone 2 (EURV) 2.45 Zone 2 (EURV)
3.33 Zone 3 (100-year) 3.33 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.06 (July 2022)
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Project: Project Lowry
Date: 4/19/2024

Emergency Overflow Weir Calculation - Pond C
Horizontal Broad Crested Weir Equation (from USDCM Eqn. 12-8)

Q (cfs) = 35.6 (100-yr Peak Inflow from Rational Calculation)
CBCW = 3

Z = 4
H = 0.282

L (ft) = 78.34 (80-ft is proposed)

Sloping Broad Crested Weir Equation (from USDCM Eqn. 12-9)

*orange cells require
input



  Project:
  Basin ID:

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

Zone 1 (WQCV) 1.09 0.311 Orifice Plate

Zone 2 (EURV) 2.45 0.717 Orifice Plate

Zone 3 (100-year) 3.33 0.517 Weir&Pipe (Restrict)

Total (all zones) 1.546
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
Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 2.354E-02 ft2

Depth at top of Zone using Orifice Plate = 2.75 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 9.80 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 3.39 sq. inches (use rectangular openings) 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 0.92 1.83
Orifice Area (sq. inches) 3.39 3.39 3.39

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
Not Selected Not Selected Not Selected Not Selected

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

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A 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 = 2.75 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.41 N/A feet
Overflow Weir Front Edge Length = 3.44 N/A feet Overflow Weir Slope Length = 2.71 N/A feet

Overflow Weir Grate Slope = 4.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 12.59 N/A
Horiz. Length of Weir Sides = 2.63 N/A feet Overflow Grate Open Area w/o Debris = 6.49 N/A ft2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 3.25 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 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 1.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.52 N/A ft2

Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.29 N/A feet
Restrictor Plate Height Above Pipe Invert = 6.00 inches Half-Central Angle of Restrictor Plate on Pipe = 1.23 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 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 = 3.71 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 0.86 1.14 1.40 1.79 2.11 2.46 3.38

CUHP Runoff Volume (acre-ft) = 0.311 1.028 0.595 0.829 1.073 1.486 1.808 2.184 3.134
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.595 0.829 1.073 1.486 1.808 2.184 3.134
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.1 0.6 3.2 9.9 13.9 18.9 30.4

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.05 0.26 0.81 1.14 1.55 2.49

Peak Inflow Q (cfs) = N/A N/A 12.3 16.6 21.5 31.4 38.5 45.4 64.4
Peak Outflow Q (cfs) = 0.2 0.4 0.2 0.3 0.4 1.1 2.7 5.2 5.8

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.6 0.1 0.1 0.2 0.3 0.2
Structure Controlling Flow = Plate Plate Plate Plate Plate Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.1 0.3 0.7 0.8
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) = 38 67 54 62 69 75 75 73 71
Time to Drain 99% of Inflow Volume (hours) = 40 71 57 66 73 81 81 81 81

Maximum Ponding Depth (ft) = 1.09 2.45 1.58 2.01 2.43 3.06 3.35 3.71 4.80
Area at Maximum Ponding Depth (acres) = 0.49 0.56 0.51 0.54 0.56 0.60 0.62 0.64 0.71

Maximum Volume Stored (acre-ft) = 0.315 1.029 0.560 0.781 1.018 1.379 1.562 1.783 2.527

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)

Project Lowry
Pond D - South Expansion (Disturbed Areas Only)

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)

Lowry_MHFD-Detention_v4-06 - Pond D_Dist Only.xlsm, Outlet Structure 4/18/2024, 3:55 PM
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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 1 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) 4 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 110
Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 159

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 246
Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 202

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 244 Spillway Depth
Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 307

WQ Plate Flow at 100yr depth = 0.56 0.97(diameter = 1-1/8 inches) 50 Year 336
CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 372 1 Z1_Boolean
n*Cdw #1 = 0.32 1.20(diameter = 1-1/4 inches) 500 Year 481 1 Z2_Boolean
n*Cdo #1 = 1.45 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.245 1.45(diameter = 1-3/8 inches) Opening Message
CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running
n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)
n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 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 0 EURV-WQCV VertOriice
Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak
Outlet3_Pulldown_Boolean 0 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 6.00 120,000 10

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 4.06 (July 2022)
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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 0.05 0.00 1.33
0:15:00 0.00 0.00 0.89 2.41 3.56 2.85 4.01 4.22 6.69
0:20:00 0.00 0.00 5.70 8.03 10.08 7.13 8.81 10.00 14.80
0:25:00 0.00 0.00 11.77 16.63 21.49 15.15 18.69 21.01 32.10
0:30:00 0.00 0.00 12.35 16.63 21.31 31.40 38.55 45.13 64.38
0:35:00 0.00 0.00 9.77 13.02 16.59 30.02 36.48 45.41 64.17
0:40:00 0.00 0.00 7.66 9.93 12.56 25.53 30.90 37.92 53.36
0:45:00 0.00 0.00 5.71 7.73 9.89 19.48 23.54 30.35 42.72
0:50:00 0.00 0.00 4.41 6.23 7.68 16.11 19.48 24.53 34.58
0:55:00 0.00 0.00 3.39 4.75 6.00 11.97 14.51 19.30 27.22
1:00:00 0.00 0.00 2.78 3.85 4.98 9.09 11.04 15.45 21.84
1:05:00 0.00 0.00 2.53 3.49 4.62 7.29 8.89 13.08 18.60
1:10:00 0.00 0.00 2.12 3.36 4.50 5.84 7.11 9.47 13.61
1:15:00 0.00 0.00 1.90 3.07 4.46 5.07 6.15 7.45 10.84
1:20:00 0.00 0.00 1.77 2.77 4.01 4.16 5.04 5.38 7.82
1:25:00 0.00 0.00 1.70 2.58 3.40 3.66 4.44 4.25 6.15
1:30:00 0.00 0.00 1.66 2.48 3.01 3.09 3.71 3.51 5.08
1:35:00 0.00 0.00 1.63 2.42 2.78 2.75 3.28 3.09 4.46
1:40:00 0.00 0.00 1.61 2.08 2.64 2.55 3.02 2.87 4.14
1:45:00 0.00 0.00 1.61 1.87 2.55 2.44 2.89 2.79 4.02
1:50:00 0.00 0.00 1.61 1.75 2.51 2.38 2.81 2.77 3.98
1:55:00 0.00 0.00 1.29 1.69 2.39 2.36 2.78 2.77 3.98
2:00:00 0.00 0.00 1.09 1.56 2.11 2.35 2.77 2.77 3.98
2:05:00 0.00 0.00 0.65 0.92 1.26 1.40 1.65 1.65 2.37
2:10:00 0.00 0.00 0.38 0.54 0.74 0.83 0.98 0.97 1.40
2:15:00 0.00 0.00 0.20 0.30 0.41 0.46 0.54 0.54 0.77
2:20:00 0.00 0.00 0.10 0.16 0.22 0.26 0.30 0.30 0.43
2:25:00 0.00 0.00 0.04 0.07 0.09 0.12 0.14 0.14 0.19
2:30:00 0.00 0.00 0.01 0.02 0.02 0.03 0.04 0.03 0.05
2:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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

Lowry_MHFD-Detention_v4-06 - Pond D_Dist Only.xlsm, Outlet Structure 4/18/2024, 3:55 PM
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Project: Project Lowry
Date: 4/18/2024

Emergency Overflow Weir Calculation - Pond D
Horizontal Broad Crested Weir Equation (from USDCM Eqn. 12-8)

Q (cfs) = 45.4 (100-yr Peak Inflow from Rational Calculation)
CBCW = 3

Z = 4
H = 0.282

L (ft) = 100.15

Sloping Broad Crested Weir Equation (from USDCM Eqn. 12-9)

*orange cells require
input



Worksheet for Swale N - 100 YR
Project Description

Manning
FormulaFriction Method

Normal DepthSolve For

Input Data

0.020Roughness Coefficient
ft/ft0.010Channel Slope
H:V4.000Left Side Slope
H:V4.000Right Side Slope
cfs2.50Discharge

Results

in5.7Normal Depth
ft²0.9Flow Area
ft3.9Wetted Perimeter
in2.8Hydraulic Radius
ft3.79Top Width
in5.7Critical Depth
ft/ft0.010Critical Slope
ft/s2.79Velocity
ft0.12Velocity Head
ft0.59Specific Energy

1.010Froude Number
SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in5.7Normal Depth
in5.7Critical Depth
ft/ft0.010Channel Slope
ft/ft0.010Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666
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Bentley Systems, Inc.  Haestad Methods Solution
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Project Lowry
Preliminary Drainage Report

22 | P a g e

Appendix D
Inlet Calculations (to be included with FDR)



Project Lowry
Preliminary Drainage Report

23 | P a g e

Appendix E
Grocer’s of Colorado Filing No. 2 FDR Excerpts
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