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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 6" 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):

SMITH Rp,

o]
o
o

E. 22ND AVE. g
P_—EXISTING
/_

N /// E. 19TH AVE. \

//
PROJECT LOCATION
|

N. AIRPORT BLVD. //

E. COLFAX AVE.

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 flnnd hazard or area of 1% annual chance flood
with average depth less than one foot accotuny w i€ 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 Ciriteria.

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:

e Landscape Cover Imperviousness increased from 2% to 20%

e 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 Al, 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
guality 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
guality 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.
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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 | TRIBUTARY | TRIBUTARY | jypeRviousEss | PEAR FLOWS (CFS) FLOWS (CFS)
POINT BASINS (AC) % 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 || Q. 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-3 172 | 42% | 09 | 46
A-4 A-4 300 | 46% | 2.1 | 105
R-1 R-1 061 | 95% | 13 | 41
R-2 R-2 068 | 95% | 1.4 | 45
R-3 R-3 033 | 95% || 0.7 | 22 4.2 46
R-4 R-4 037 | 95% | 0.8 | 25 12.0 13.2
R-5 R-5 030 | 95% || 0.6 | 2.0
R-6 R-6 029 | 95% | 06 | 1.9 35 3.9
R-7 R-7 024 | 95% | 05 | 1.6 4.9 55
R-8 R-8 027 | 95% | 06 | 1.8 6.5 7.2
R-9 R-9 027 | 95% | 06 | 1.8 8.2 9.0
R-10 R-10 027 | 95% | 06 | 1.8
R-11 R-11 036 | 95% | 0.8 | 2.4 12.0 13.2
A5 A5 062 | 23% | 02 | 14

A-l(future) | A-1(future) | 4.84 | 25% | 1.2 | 111

A-2 (future) | A-2(future) | 0.90 | 48% | 09 | 45

A5 (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
0s-1 0s-1 064 | 20% | 02 | 85
0S-2 0S-2 027 | 95% | 06 | 45
0S-3 0S-3 062 | 20% | 02 | 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 | mp VWQCV %Z%RV E/alCOO VTotal WSE LWQCV WSELEury WSEL109
0 _ - - Detention _ _ _
(ac) (%) (ac-ft) ft) ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft)
P?A\nd 8.78 | 51.05% | 0.153 | 0.358 | 0.294 0.805 5412.93 5413.72 5414.25
POBnd 7.90 | 63.28% | 0.163 | 0.436 | 0.293 0.892 5416.34 5417.10 5417.55
P%nd 13.16 75% 0.328 | 0.850 | 0.539 1.718 5419.29 5420.94 5422.18
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PoDnd 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 + %2 EURV volume. The “+ % 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 + 2 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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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Adams County Area, Parts of Adams and
Denver Counties, Colorado
Survey Area Data: Version 20, Aug 24, 2023

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Mar 1, 2023—Sep 1,
2023

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
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MAP LEGEND MAP INFORMATION

imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend

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

Ellicott-Glenberg complex, 0 to 13.4
3 percent slopes,
occasionally flooded

Loamy alluvial land 34.5

Truckton sandy loam, 0 to 3 18.2
percent slopes

Totals for Area of Interest 66.1

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 -0to 4inches: sand
AC -4 to 13 inches: sand
C1-13to 30 inches: sand
C2- 30 to 44 inches: sand
C3-44to 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

14



Custom Soil Resource Report

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 - 0to 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: R0O67BY038CO - 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: R0O67BY031CO - Sandy Bottomland
Hydric soil rating: No

15



Custom Soil Resource Report

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

16



Custom Soil Resource Report

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: RO67BY036CO - 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 | (soll
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 -0to 6inches: 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

17



Custom Soil Resource Report

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: R0O67BY024CO - 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: R0O67BY015CO - 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: R0O67BY015CO - 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: R0O67BY010CO - Closed Depression
Hydric soil rating: Yes
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Custom Soil Resource Report

Urban land
Percent of map unit: 2 percent
Hydric soil rating: No
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096693000 Associated Grocers of Colorado Filing No.2 4/29/2024
Amendment No. 1 (Project Lowry) - West Expansion

RAINFALL INTENSITY

I= 28.5P,

(1O+TC)O.786
Where:
| = rainfall intensity (inches per hour)
P, = one-hour rainfall depth (inches) from Table 5-1 of the City of Al
Storm Draiange Design and Technical Criteria
Tc = time of concentration (minutes)

2-yr S5-yr 10-yr 100-yr
P,= 0.86 1.14 1.40 2.46

Time Intensity Frequency Tabulation

TIME 2YR 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

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



096693000 Associated Grocers of Colorado Filing No.2 4/29/2024
Amendment No. 1 (Project Lowry) - West Expansion
BASIN IMPERVIOUSNESS AND RUNOFF COEFFICIENT
Imp. Cc2 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
. Landscape Street - Paved Gravel (packed) . Total Basin Area Basin
Basin ID Roof (SF) (SF) Concrete (SF) (SF) (SF) Total Basin Area (SF) (Acres) 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
0Ss-1 0 27711 0 0 0 27711 0.64 20% 0.13 0.15 0.52
0S-2 0 0 3926 7632 0 11558 0.27 95% 0.79 0.81 0.87
0S-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
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096693000

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

TIME OF CONCENTRATION

Watercourse Coefficient L
Forest & Meadow 2.50 Short Grass Pasture & Lawns 7.00 Grassed Waterway 15.00 k=81 60(14i +9 is_
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() Length Slope Coeff. | Velocity | T(t) IMP | TOTAL | COMP. [ TOTAL [ T(C)

POINT BASIN sq. ft. ac. C5 ft. ft/ft min ft. f/ft fps min. % SLOPE T(c) LENGTH| CHECK min.
Al Al 271,785 6.24 0.18 430 0.020 2717 380 0.020 20 2.8 22 24% 2% 29.9 810 29.7 29.7
A2 A-2 46,856 1.08 0.35 50 0.020 7.7 690 0.005 20 14 8.1 43% 1% 15.8 740 29.3 29.3
A3 A3 75,040 1.72 0.35 180 0.015 16.2 670 0.005 20 14 79 42% 1% 241 850 30.0 24.1
A4 A4 130,657 3.00 0.38 75 0.010 11.4 320 0.005 20 14 38 46% 1% 15.2 395 237 15.2
R-1 R-1 26,614 0.61 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 114 7.2
R-2 R-2 29,815 0.68 0.81 300 0.020 72 0.0 0.0 95% 2% 7.2 300 11.4 72
R-3 R-3 14,310 0.33 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 114 7.2
R-4 R-4 16,157 0.37 0.81 300 0.020 72 0.0 0.0 95% 2% 7.2 300 11.4 72
R-5 R-5 12,853 0.30 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 114 7.2
R-6 R-6 12,482 0.29 0.81 300 0.020 72 0.0 0.0 95% 2% 7.2 300 11.4 72
R-7 R-7 10,499 0.24 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 114 7.2
R-8 R-8 11,588 0.27 0.81 300 0.020 72 0.0 0.0 95% 2% 7.2 300 11.4 72
R-9 R-9 11,717 0.27 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 114 7.2
R-10 R-10 11,872 0.27 0.81 300 0.020 72 0.0 0.0 95% 2% 7.2 300 11.4 72
R-11 R-11 15,885 0.36 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 114 7.2
A5 A-5 27,161 0.62 0.18 161 0.015 18.8 0.0 0.0 23% 2% 18.8 161 239 18.8
Al Al

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

(future) (future)

A2 A2 39,266 0.90 0.40 50 0.02 72 0.0 0.0 48% 2% 7.2 50 10.3 72

(future) (future)

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

(future) (future)

R-12 R-12
45,229 1.04 0.81 300 0.020 72 0.0 0.0 95% 2% 7.2 300 11.7 72

(future) (future)

R13 R13 45,037 1.03 0.81 300 0.020 7.2 0.0 0.0 95% 2% 7.2 300 117 7.2

(future) (future)

0s-1 0s-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
0s-2 0Ss-2 11,558 0.27 0.81 150 0.010 6.4 0 0.010 20 20 0.0 95% 1% 6.4 150 10.8 6.4
0s-3 0s-3 27,055 0.62 0.15 160 0.040 139 0 0.010 20 2.0 0.0 20% 4% 13.9 160 10.9 10.9
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096693000

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

RUNOFF CALCULATIONS

Design Storm 100 Year
BASIN INFORMATON DIRECT RUNOFF TOTAL RUNOFF
DESIGN | DRAIN [ AREA [RUNOFF| T(c) CxA 1 Q T(c) SUM 1 Q REMARKS
POINT BASIN ac. COEFF min in/hr cfs min CxA in/hr cfs
Al Al 6.24 0.54 29.7 3.35 3.88 13.0
A2 A2 1.08 0.63 29.3 0.68 3.92 2.7 29.3 2.42 3.92 95 Basin A2 and R1-R4
A3 A3 172 0.61 24.1 1.06 4.39 4.6
A4 A4 3.00 0.63 15.2 1.89 5.56 105
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 45
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 7.60 132 Basin R1-R4
RS RS 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 16 7.2 0.72 7.60 55 Basin R5-R7
R-8 R-8 0.27 0.87 7.2 0.23 7.60 18 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 18 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 18
R-11 R-11 0.36 0.87 7.2 0.32 7.60 2.4 7.2 174 7.60 132 Basin R5-11
A5 A5 0.62 0.44 188 0.27 5.02 14
@ u’:jre) (futlre) 4.84 0.54 25.8 2.63 422 111
@ Lﬁfre) (qu:-uzre) 0.90 0.65 7.2 0.59 7.60 45
@ u’:ie) (ﬂﬁfre) 0.16 0.87 6.0 0.14 8.01 11
(fs;ife) (ffl:lfe) 1.04 0.87 7.2 0.91 7.60 6.9
(fztife) (ﬂiife) 1.03 0.87 7.2 0.90 7.60 6.9
0s-1 0s-1 0.64 0.52 5.0 0.33 8.34 85
0s-2 08-2 0.27 0.87 6.4 0.23 7.87 45
0s-3 0s-3 0.62 0.52 109 0.32 6.46 4.9
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096693000

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

RUNOFF CALCULATIONS

Design Storm 2 Year
BASIN INFORMATON DIRECT RUNOFF TOTAL RUNOFF

DESIGN [ DRAIN | AREA [RUNOFF| T(c) CxA | Q T(c) SUM | Q REMARKS

POINT BASIN ac. COEFF min in/hr cfs min CxA in/hr cfs
Al Al 6.24 0.16 29.7 1.00 1.36 14
A2 A2 1.08 0.33 29.3 0.36 1.37 0.5 29.3 1.93 3.92 76 Basin A2 and R1-R4
A3 A3 172 0.33 24.1 0.56 153 0.9
A4 A4 3.00 0.36 152 1.07 1.94 2.1
R-1 R-1 0.61 0.79 7.2 0.48 2.66 13 0.0
R-2 R-2 0.68 0.79 7.2 0.54 2.66 14 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 7.2 158 7.60 12.0 Basin R1-R4
RS RS 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 35 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 7.2 158 7.60 12.0 Basin R5-11
A5 A5 0.62 0.15 18.8 0.10 175 0.2

( m‘;}re) @ u’:jre) 4.84 0.17 25.8 0.84 1.48 12

(qu:-uzre) @ Lﬁfre) 0.90 0.38 7.2 0.34 2.66 0.9

(ﬂﬁfre) @ u’:ie) 0.16 0.78 6.0 0.13 2.80 0.4

(ffl:lfe) (fs;ife) 1.04 0.79 7.2 0.82 2.66 22

(ff;ife) (fztife) 1.03 0.79 7.2 0.82 2.66 2.2
0s-1 0s-1 0.64 0.13 5.0 0.08 2.92 0.2
08-2 0s-2 0.27 0.79 6.4 0.21 2.75 0.6
0s-3 0s-3 0.62 0.13 109 0.08 2.26 0.2
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Associated Grocers of Colorado Filing No.2

Amendment No. 1 (Project Lowry) - West Expansion

Rational Calculation Summary (West Expansion)

Direct Flows | Cumulative Flows
[ DESIGN | DRAIN | AREA IMP Q | Quw [ Q2 [ Quo |
POINT | BASIN Ac % CFS CFS CFS CFS
A-1 Al 6.24 24% 14 13.0
A-2 A-2 1.08 43% 05 2.7 7.6 95
A-3 A-3 1.72 42% 0.9 4.6
A-4 A-4 3.00 46% 2.1 105
R-1 R-1 0.61 95% 13 4.1
R-2 R-2 0.68 95% 1.4 45
R-3 R-3 0.33 95% 0.7 2.2 4.2 4.6
R-4 R-4 0.37 95% 08 25 12.0 132
R-5 R-5 0.30 95% 0.6 2.0
R-6 R-6 0.29 95% 0.6 1.9 35 3.9
R-7 R-7 0.24 95% 05 16 4.9 55
R-8 R-8 0.27 95% 0.6 1.8 6.5 7.2
R-9 R-9 0.27 95% 0.6 18 8.2 9.0
R-10 R-10 0.27 95% 0.6 1.8
R-11 R-11 0.36 95% 08 2.4 12.0 132
A-5 A-5 0.62 23% 0.2 1.4
A1 A-1
tuture) | (utre) | 48 25% 12 11.1
A2 A-2
tuture) | (utre) | O 48% 0.9 45
A5 A5
tuture) | (utre) | %28 94% 0.4 11
R-12 R-12
tutwre) | (utre) | % 95% 2.2 6.9
R-13 R-13
tuture) | (uture) | 10 95% 2.2 6.9
05-1 0s-1 0.64 20 || 02 85 |l
05-2 05-2 0.27 95% | 06 45 |
05S-3 05-3 0.62 20% || o2 49 |
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Kimley»Horn

STANDARD FORM SF-1
RUNOFF COEFFICIENTS - IMPERVIOUS CALCULATION

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. 0.7 0.7 0. 0.79
5-YEAR COEFF. 0. 0. 0. 0. 0.
10-YEAR COEFF. 0.22 0. 0. 0. 0.
100-YEAR COEFF. 0.52 0. 0. 0. 0.
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() C(5) c@0) | caoo) | 1mp%
On-Site Basins
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 0.00 141 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 0.00 241 241 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%
NORTH BASIN 3.50 0.34 6.86 0.05 241 13.16 0.61 0.63 0.66 0.78 75%
SUBTOTAL 27% 3% 2% 0% 18% 100% ]
0.00 0.00 0.20 0.00 0.00 0.19 0.7 0.8 0.83 0.87 959
0.04 0.24 0.51 0.00 0.00 0.79 0.7 0.7 0.80 0.86 91% |
0.00 0.00 0.54 0.00 0.00 0.54 0.7 0.8 0.83 0.87 959
4 4 0.10 0.00 1.04 0.00 0.00 114 0.7 0.7! 0.77 0.84 88% |
S5 S5 0.14 0.01 0.49 0.00 0.00 0.63 0.6 0.6 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 0.0; 0.01 4 0.00 0.00 .4 0.77 0.7¢ 0.8 0.86 939
S9 S9 0.2 0.14 Al 0.00 0.00 8! 0.74 0.7 0.7 0.84 89% |
a7 0.14 7! 0.00 0.00 .6 0.47 0.4 0.5 0.7 589
0.2; 0.01 ol 0.01 0.00 A4 0.6 0.7: 0.7 0.8; 83% |
0.04 0.12 .00 0.00 0.00 .1 0.6 0.64 0.6 0.7 5% |
0.00 0.05 .35 0.00 0.00 .40 0.7 0.81 0.8 0. 959
4 4 0.24 0.1 .84 0.00 0.00 .20 0.7 0.74 0.7 0.83 87Y
5 5 0.21 0.1 .00 0.00 0.00 .35 0.6 0.7: 0.7 0.82 83% |
6 6 0.00 0.0 0.50 0.00 0.00 0.57 0.7 0. 0.8 0.87 95% |
S-R1 S-R1 0.00 0.00 0.00 0.00 0.69 0.69 0.7 0. 0.8 0.87 959
POND D POND D 1.56 0.09 0.00 0.00 0.00 1.65 0.1 0. 0.25 0.54 249
EX-R1 EX-R1 0.00 0.00 0.00 0.00 2.41 241 0.7 0. 0.83 0.87 959
SOUTH BASIN 4.82 116 15.50 0.01 3.10 2459 0.6 0. 0.71 0.80 80%
SUBTOTAL 20% 5% 63% 0% 13% 100.0%




Kimley»Horn

STANDARD FORM SF-2
Time of Concentration

PROJECT NAME:  Project Lowry - North & South Expansion DATE: #HHtH#HH#
PROJECT NUMBER: 196772002
CALCULATED BY: FSA
CHECKED BY: MTH
SUB-BASIN INITIAL TRAVEL TIME Tc CHECK FINAL
DATA TIME (T)) (Ty (URBANIZED BASINS) Tc
DESIGN AREA C5 LENGTH | SLOPE T; LENGTH | SLOPE Sy VEL T; COMP. TOTAL TOTAL TOTAL Tc
BASIN Ac Ft % Min. Ft. % fps Min. tc LENGTH | SLOPE IMP. Min. Min.
) @ ©) @) ® | ® 0] ®) © ay | @2 (13) (14) (15) (16) (an
On-Site North Basins
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 35 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
On-Site South Basins
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% 35 338 0.7% 20.0 17 34 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% 114 7.7
b= 0.395(1.1 —__'-ﬂ_: HT [ = ;L’ = L, z 4 ={2ﬁ—I?f}+—L‘
: ST 60K .S, 60V, 60(14i +9),[S,

Lowry_Rational Calcs - N & S Expansion.xlIsx

Page 4 of 8



Kimley»Horn

PROJECT NAME: Project Lowry - North & South Expansion

PROJECT NUMBER: 1.97E+08
CALCULATED BY: FSA
CHECKED BY: MTH

STANDARD FORM SF-3

STORM DRAINAGE DESIGN - RATIONAL METHOD X YEAR EVENT

P, (1-Hour Rainfall) - 0.86

DATE: 4/29/2024

DIRECT RUNOFF TOTAL RUNOFF STREET PIPE TRAVEL TIME REMARKS
= Ze | Zz < Jaul 22| o _Ixl=z o W Eﬁzﬁ L S5 = S ~
52 |22 |52(82|28| c |F | elot|t|bel g cE|oEEERE ot ce 5] E
5 ot | go < 20| & | O = S| = o |5 da 7 |2 >l Y W =
1) (2) 3) @16 16 1M(EG] O (1] @11 [(12)] (13) |14 (35| (16) | (A7) |18 ] (19 |(20) |(21) (22)
On-Site North Basins
N1 N1 0.85 0.70 866 | 059 | 2.46 | 1.46 9.81 4.10| 2.34 9.62 N5, N4, N3, N2, N1
N2 N2 0.91 0.72 824 | 065 | 250 [ 1.63 9.81 3.51| 2.34 8.23 N5, N4, N3, N2
N3 N3 1.39 0.71 844 | 099 | 248 | 2.45 9.81 2.86| 2.34 6.71 N5, N4, N3
N4 N4 141 0.71 981 | 1.00 | 2.34 | 2.36 9.81 1.87| 2.34 4.39 N5, N4
N5 N5 1.24 0.70 853 | 0.87 | 247 | 2.15
N6 N6 1.97 067 | 1131 | 1.33 | 221 | 2.94
N-R1 N-R1 2.41 0.79 581 | 190 | 2.80 [ 5.33
N1, N2, N3, N4, N5, N6, N-R1, EX-1,
PONDC | PONDC | 1.25 0.14 9.60 0.17 | 2.36 0.40 29.28 8.07| 1.37 11.04 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 | 040 | 265 [ 1.07
On-Site South Basins
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( 254 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 142 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 9.85 093 | 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
PONDD [ PONDD | 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 | 241 0.79 765 | 190 | 257 | 4.89




- STANDARD FORM SF-3
Klmley)»Horn STORM DRAINAGE DESIGN - RATIONAL METHOD 100 YEAR EVENT
PROJECT NAME: Project Lowry - North & South Expansion
PROJECT NUMBER: 196772002 P, (1-Hour Rainfall) - 2.46

CALCULATED BY: FSA
CHECKED BY: MTH

DATE: 4/29/2024

DIRECT RUNOFF TOTAL RUNOFF STREET PIPE TRAVEL TIME REMARKS
[ (2l
2 5" SZ <A&& = |3 o Ix1|< - . EAEESE E,\mglj—: E —
&2 52 |52 |EQ(SY| E |2 [-§|c8|E|08|-5| 08 |cEl¥3EcSleul 2€ [9>|= £
n [a) a) @ R SN vl 4 S
1) ) 3) @1 O 16 M6 @O [dg] 1) a2)] (d3) |14 135] (316 (A7) (18| (19 |(20) ] (21) (22)
On-Site North Basins
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 5.41 141 3.32(10.34| 34.33 N5, N4, N3, N2
N3 N3 139 | 083 | 844 | 115| 7.09 | 817 9.81| 3.35| 6.71 | 2244 N5, N4, N3
N4 N4 141 | 083 | 981 | 117|671 | 787 9.81| 219|671 | 1471 N5, N4
N5 N5 1.24 | 083 | 853 | 102|707 | 7.21
N6 N6 1.97 0.81 11.31 | 1.60 | 6.33 | 10.11
N-R1 N-R1 | 241 | 087 | 581 | 210 8.01| 16.82

POND C PONDC [ 1.25 0.52 9.60 | 0.66 | 6.76 444 | 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 6.97 045 | 7.57 3.37
On-Site South Basins

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 | 8.34 390 [14.78| 3.99 | 5.62 22.41 510, 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 [ 953 | 146 | 6.78 9.90 S5, 6
S7 S7 0.29 0.82 530 | 0.24 | 8.22 1.95

S8 S8 0.49 0.86 515 | 0.42 | 8.28 350 [ 953 | 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 | 256 | 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 | 1427 | 946 | 3.26 | 6.80 22.15 S11,513
S14 S14 2.20 0.83 1043 | 1.84 | 655 | 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 0.87 933 | 061 | 6.84 | 4.14

POND D PONDD | 1.65 0.54 11.99 | 0.89 | 6.18 550 |14.78| 9.94 | 5.62 55.87

All South Basins, Except S9, S11- S16

EX-R1 EX-R1 241 0.87 7.65 | 210 | 7.34 | 15.42




Kimley»Horn

PROJECT NAME: Project Lowry - North & South Expansion DATE: 4/19/2024
PROJECT NUMBER: 196772002
CALCULATED BY: FSA
CHECKED BY: MTH
RATIONAL CALCULATIONS SUMMARY (N & S EXPANSION)
ITRIDUTART
DESIGN POINT TRIBUTARY AREA IMPERVIOOUSNESS PEAK FLOWS (CFS) CUMULATIVE FLOWS (CFS)
BASINS ac % Q2 | Q100 Q2 | Qi
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% 452 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




Kimley»Horn

PROJEC T NAMVIE!

rroject Lowry

DATE

4/19/2024

DISTURBED AREA BY LAND USE

PROJECT NUMBER: 196772002
CALCULATED BY: FSA
CHECKED BY: MTH
SOUTH EXPANSION DISTURBED AREA
BASIN AREA DISTURBED AREA (AC) UNDISTIRUBED AREA (AC)
S1 0.19 0.19 0.00
S2 0.79 0.79 0.00
S3 0.54 0.54 0.00
S4 1.14 1.14 0.00
S5 0.63 0.63 0.00
S6 1.18 1.18 0.00
S7 0.29 0.29 0.00
S8 0.49 0.49 0.00
S9 2.83 0.37 2.46
S10 3.66 1.87 1.79
Sl1 1.42 1.42 0.00
S12 0.17 0.17 0.00
S13 2.40 0.05 2.35
S14 2.20 0.36 1.84
S15 1.35 0.35 1.00
S16 0.57 0.07 0.50
S-R1 0.69 0.69 0.00
POND D 1.65 1.65 0.00
EX-R1 2.41 0.00 2.41
TOTAL 24.59 12.24 12.35

LANDSCAPE| CONCRET |[PVMT | GRAVEL | ROOF
(AC) E (AC) (AC) (AC) (AC)
S1 0.00 0.00 0.20 0.00 0.00
S2 0.04 0.24 0.51 0.00 0.00
S3 0.00 0.00 0.54 0.00 0.00
S4 0.10 0.00 1.04 0.00 0.00
S5 0.14 0.01 0.49 0.00 0.00
S6 0.19 0.02 0.96 0.00 0.00
S7 0.05 0.00 0.25 0.00 0.00
S8 0.01 0.01 0.46 0.00 0.00
S9 0.23 0.14 0.00 0.00 0.00
S10 0.00 0.00 1.87 0.00 0.00
S11 0.22 0.01 1.19 0.01 0.00
S12 0.04 0.12 0.00 0.00 0.00
S13 0.00 0.05 0.00 0.00 0.00
S14 0.24 0.12 0.00 0.00 0.00
S15 0.21 0.13 0.00 0.00 0.00
S16 0.00 0.07 0.00 0.00 0.00
S-R1 0.00 0.00 0.00 0.00 0.69
POND D 1.56 0.09 0.00 0.00 0.00
EX-R1 0.00 0.00 0.00 0.00 0.00
Sub-Total 3.04 1.01 7.49 0.01 0.69
Total 12.24




Klmley » Horn STANDARD FORM SF-1

RUNOFF COEFFICIENTS - IMPERVIOUS CALCULATION

PROJECT NAME: Project Lowry - South Expansion (DISTURBED ONLY)
PROJECT NUMBER: 196772002
CALCULATED BY: FSA
CHECKED BY: MTH

DATE: 4/18/2024

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 %
On-Site Basins
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%
BASIN SUBTOTAL 25% 8% 61% 0% 6% 100%
Off-Site Basins
0.00 #DIV/0! | #DIV/0! | #DIV/0! | #DIV/O! | #DIV/0!
0.00 #DIV/0! | #DIV/0! | #DIV/0! | #DIV/O! | #DIV/0!
0.00 #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0!
0.00 #DIV/0! | #DIV/0! | #DIV/0! | #DIV/O! | #DIV/0!
0.00 #DIV/0! | #DIV/0! | #DIV/0! | #DIV/O! | #DIV/0!
0.00 #DIV/0! | #DIV/0! | #DIV/0! | #DIV/O! | #DIV/0!
0.00 #DIV/0! | #DIV/0! | #DIV/0! | #DIV/O! | #DIV/0!
0.00 0.00 0.00 0.00 0.00 #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0!
BASIN SUBTOTAL #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
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DETENTION BASIN STAGE RAGE TABLE BUILDE

MHFD-Detention, Version 4.06 (July 2022)

Project: Project Lowry

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

e st =
i
il Depth Increment = ft
PERMANENT. ORiFicES Optional Gptional
oot Example Zone Configuration (Retention Pond) Stage - Storage Stage Override | Length Width Area Override Area Volume Volume
Description (f) | Stage (i | (7 (f) (3 | Area(it) | (acre) (i) (ac-ft)
Watershed Information Top of Micropool | — 0.00 - - - 411 0.000
Selected BMP Type =|  EDB Note: L / W Ratio < 1 5412.2 - 0.20 - - - 800 0.018 80 0.002
Watershed Area=| 878 |acres L / W Ratio = 0.94 5412.4 - 0.40 - - - 546114 | 0.125 706 0.016
Watershed Length = 600 |ft 5412.6 - 0.60 - - - 9593.43 | 0.220 2,212 0.051
Watershed Length to Centroid = 300 |ft 5412.8 - 0.80 - - - 14,851.80 | 0.341 4,656 0107
Watershed Slope =|  0.020 _|fu/ft 5413 - 1.00 - - - 17,564.81 | 0.403 7,898 0181
Watershed Imperviousness =| 51.05% _|percent 5413.2 - 1.20 - - - 10383.88 | 0.445 11503 | 0.266
Percentage Hydrologic Soil Group A=|  77.0% |percent 5413.4 - 1.40 - - - 20721.98 | 0476 15603 | 0358
Percentage Hydrologic Soil Group B =|  23.0% |percent 5413.6 - 1.60 - - - 21679.07 | 0498 10843 | 0456
Percentage Hydrologic Soil Groups C/D =|  0.0% _|percent 5413.8 - 1.80 - - - 2264534 | 0520 24276 | 0557
Target WQCV Drain Time =| 400 |hours 5414 - 2.00 - - - 23632.57 | 0.543 28904 | 0664
Location for 1-hr Rainfall Depths = Aurora - Municipal Center 5414.2 - 2.20 - - - 24,640.76 | 0.566 33731 | 0774
After providing required inputs above including 1-hour rainfall Siad - 20 - - - 2565736 | 0589 | 38,761 | 0890
depths, click 'Run CUHP' to generate runoff hydrographs using 5414.6 - 2.60 - - - 26667.88 | 0612 | 43993 | 1010
the embedded Colorado Urban Hydrograph Procedure. Optional User Overrides 5414.8 - 2.80 - - - 27,152.79 | 0.623 49,375 1134
Water Quality Capture Volume (WQCV) =[  0.153 |acre-feet acre-feet 5415 - 3.00 - - - 26,050.55 | 0.508 54606 | 1256
Excess Urban Runoff Volume (EURV) = 0.511 |acre-feet acre-feet 5415.2 - 3.20 - - 25160.04 | 0.578 50817 | 1373
2-yr Runoff Volume (P1=0.86in) =| 0256 |acre-feet 086 |inches 5415.4 - 3.40 - - - 25804 | 0502 64913 | 1490
5-yr Runoff Volume (P1 = 1.14 in.) 0358 |acre-feet 114 |inches 5415.6 - 3.60 - - - 25246 | 0.580 70018 | 1607
10-yr Runoff Volume (P1=1.4in) =| 0450 |acre-feet 140 |inches 5416.2 - 4.20 - - - 34000 | 0781 87,792 | 2015
25-yr Runoff Volume (P1=1.79in) = 0.681 |acre-feet 179 |inches - - - -
50-yr Runoff Volume (P1=2.11in) = 0.875 |acre-feet 211 |inches - - - -
100-yr Runoff Volume (P1 =2.46in.) =| 1128 |acre-feet 246 |inches - - - -
500-yr Runoff Volume (P1=3.38in.) =| 1763 |acre-feet 338 |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 =|  0.509 | 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) =| 0153 |acre-feet - = - =

Zone 2 Volume (EURV - Zone 1) =|  0.358 |acre-feet - = - =

Zone 3 Volume (100-year - Zones 1&2) =| 0294 |acre-feet - = - =

Total Detention Basin Volume =|  0.805 |acre-feet - = - =

Initial Surcharge Volume (ISV) =|  user |it® - = - =

Initial Surcharge Depth (ISD) =|  user [it - = - =

Total Available Detention Depth (Hiora)) =|  user [it - = - =

Depth of Trickle Channel (Hro) =|  user  |ft - = - =

Slope of Trickle Channel (Src) =|  user  |ft/ft - = - =

Slopes of Main Basin Sides (Smain) =|  user  [H:v - = - =

Basin Length-to-Width Ratio (Ruw) =|  user - = - =

Initial Surcharge Area (Aisy) =|  user |ft? - = - =

Surcharge Volume Length (Lisy) =|  user |ft - = - =
Surcharge Volume Width (Wisy) =|  user |ft - - =

Depth of Basin Floor (Hroo) =|  user  |ft - = - =

Length of Basin Floor (Lroor) =|  user  |ft - = - =

Width of Basin Floor (Wrioo) =|  user  |ft - = - =

Area of Basin Floor (Arioor) =|  user  [it? - = - =

Volume of Basin Floor (Vroor) =|  user  |ft® - = - =

Depth of Main Basin (Huan) =|  user |t - = - =

Length of Main Basin (Lyaw) =|  user  [it - = - =

Width of Main Basin (Wyan) =|  user  |ft - = - =

Area of Main Basin (Ayan) =|  user [it? - = - =

Volume of Main Basin (Vyaw) =|  user  |it® - = - =

Calculated Total Basin Volume (Vo) =|  user |acre-feet - = - =

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



DETENTION BASIN STAG ORAGE TABLE BUILDER

MHFD-Detention, Version 4.06 (July 2022)
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OUTLET STRUCTURE CALCULATIONS PROVIDED FOR REFERENCE ONLY,
AND WILL NOT BE REVIEWED WITH THE PDR.

DETENTION BASIN OUTLET STRUCTURE DES

MHFD-Detention, Version 4.06 (July 2022)

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

O e s Estimated Estimated
-ZOMNE 1
‘wm:[ Lk ﬁ ' Stage (ft) Volume (ac-ft) Qutlet Type
voruwe| cun | woel Zone 1 (WQCV) 0.93 0.153 Orifice Plate
:;::;;‘E" Zone 2 (EURV) 1.71 0.358 Orifice Plate
ZONE 1 AND 2

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

pooL Example Zone Configuration (Retention Pond) 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 = ft (distance below the filtration media surface) Underdrain Orifice Area = ft?
Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feel

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 ft?
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 ft?
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 ft?
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
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, H; = 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 ft?
Overflow Grate Type =|  Type C Grate N/A Overflow Grate Open Area w/ Debris = 2.87 N/A ft?
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Qutlet 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 ft?
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
Routed Hydrograph Results The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
Design Storm Return Period = WwQcv 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
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DETENTION BASIN OUTLET STRUCTURE DESIGN

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

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.

LET S

URE DES

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP
Time Interval TIME WQCYV [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
0.00 0.00 2.10 2.98 3.77 2.69 3.35 3.80 5.50
0.00 0.00 4.38 6.03 8.09 5.56 6.94 7.99 12,63
0.00 0.00 4.67 6.54 8.36 12.65 17.05 21.02 34.01
0.00 0.00 3.96 5.41 6.81 13.56 17.81 2351 36.62
0.00 0.00 3.29 4.38 5.49 12.05 15.79 20.59 31.93
0.00 0.00 2.57 3.52 4.41 9.63 12,51 17.31 26.85
0.00 0.00 213 2.98 3.65 7.85 10.15 13.95 21.77
0.00 0.00 1.80 2.49 3.07 6.13 7.91 11.16 17.68
0.00 0.00 1.50 2.06 2.57 4.90 6.28 9.24 14.78
0.00 0.00 1.27 172 2.16 3.94 5.01 7.71 12.38
0.00 0.00 1.02 153 1.96 2.93 3.62 5.30 8.42
0.00 0.00 0.89 1.39 1.89 2.37 2.89 3.89 6.19
0.00 0.00 0.82 1.26 173 1.93 2.33 2.83 4.43
0.00 0.00 0.78 1.18 1.52 1.68 2.02 217 3.32
0.00 0.00 0.75 1.12 1.37 1.44 1.71 1.79 2.66
0.00 0.00 0.74 1.09 1.28 1.28 1.52 1.54 2.22
0.00 0.00 0.72 0.96 1.21 119 1.40 1.38 1.93
0.00 0.00 0.72 0.87 117 112 1.32 1.27 1.76
0.00 0.00 0.71 0.81 113 1.08 1.27 1.24 171
0.00 0.00 0.60 0.77 1.08 1.06 1.25 1.23 1.68
0.00 0.00 0.52 0.72 0.96 1.05 1.23 1.22 1.68
0.00 0.00 0.34 0.48 0.64 0.69 0.82 0.81 111
0.00 0.00 0.22 0.31 0.42 0.46 0.53 0.53 0.73
0.00 0.00 0.14 0.20 0.27 0.29 0.34 0.34 0.46
0.00 0.00 0.09 0.12 0.17 0.18 0.21 0.21 0.28
0.00 0.00 0.05 0.07 0.10 0.11 0.13 0.13 0.17
0.00 0.00 0.02 0.04 0.05 0.06 0.07 0.07 0.09
0.00 0.00 0.01 0.02 0.02 0.02 0.03 0.02 0.03
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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DETENTION BAS

STAGE

RAGE TABLE BUILDE

MHFD-Detention, Version 4.06 (July 2022)

Project: Project Lowry

Basin ID: Existing South Pond (Pond B) As-Builts using 2024 COA Drainage Criteria (Proposed Condition)

A
=
ORACE Depth Increment = it
PeRMANENT. Gmrices Optional Optional
poot Example Zone Configuration (Retention Pond) Stage - Storage Stage Override | Length Width Area Override Area Volume | Volume
Description () | Stage () | (i) (f) (it | Area(it®) | (acre) (it?) (ac-ft)
Watershed Information Top of Micropool | — 0.00 - - - 14912 | 0.003
Selected BMP Type =|  EDB 5415.60 - 0.20 - - - 116343 | 0027 131 0.003
Watershed Area=| ~ 7.90 |acres 5415.80 - 0.40 - - - 452267 | 0.104 700 0.016
Watershed Length =| 800 |t 5416.00 - 0.60 - - - 1042234 | 0.239 2,194 0.050
Watershed Length to Centroid = 400 |ft 5416.20 - 0.80 - - - 1533012 | 0.352 4,769 0.109
Watershed Slope =| 0015 |fu/ft 5416.40 - 1.00 - - - 1951998 | 0.448 8,254 0.189
Watershed Imperviousness =|  63.28% _|percent 5416.60 - 1.20 - - - 2311882 | 0531 12518 | 0287
Percentage Hydrologic Soil Group A =|  77.0% _|percent 5416.80 - 140 - - - 2712318 | 0.623 17542 | 0403
Percentage Hydrologic Soil Group B=|  23.0% |percent 5417.00 - 1.60 - - - 2024928 | 0.671 23180 | 0532
Percentage Hydrologic Soil Groups C/D =|  0.0% |percent 5417.20 - 1.80 - - - 3053066 | 0.701 20158 | 0669
Target WQCV Drain Time = 400 |hours 5417.40 - 2.00 - - - 3151245 | 0.723 35362 | 0812
Location for 1-hr Rainfall Depths = Aurora - Municipal Center 5417.60 - 2.20 - - - 3246215 | 0.745 | 41,759 | 0.959
After providing required inputs above including 1-hour rainfall EAED - 20 - - - 3342032 | 0767 | 48348 | 1110
depths, click'Run CUHP' to generate runoff hydrographs using 5418.00 - 2.60 - - - 3439149 | 0.790 55129 | 1266
the embedded Colorado Urban Hydrograph Procedure. 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 - - - 3646120 | 0.837 69308 | 1591
Excess Urban Runoff Volume (EURV) =| 0599 |acre-feet acre-feet 5418.60 - 3.20 - - 37,495.06 | 0.861 76698 | 1761
2-yr Runoff Volume (P1=0.86in) =| 0308 |acre-feet 0.86 |inches 5418.80 - 3.40 - - - 38533.82 | 0.885 84301 | 1935
5-yr Runoff Volume (P1=1.14in.) 0425 |acre-feet 114 |inches 5419.00 - 3.60 - - - 39579.07 | 0.909 92112 | 2115
10-yr Runoff Volume (PL=1.4in) =| 0541 |acre-feet 140 |inches 5419.20 - 3.80 - - - 4063224 | 0933 | 100,134 | 2299
25-yr Runoff Volume (PL=1.79in.) =| 0761 |acre-feet 179 |inches 5419.40 - 4.00 - - - 4160355 | 0957 | 108,366 | 2488
50-yr Runoff Volume (P1=2.11in) =| 0949 |acre-feet 211 |inches 5419.60 - 420 - - - 4274746 | 0981 | 116810 | 2682
100-yr Runoff Volume (P1 = 2.46in.) =| 1185 |acre-feet 246 |inches 5419.80 - 440 - - - 4385258 | 1007 | 125470 | 2.880
500-yr Runoff Volume (P1=3.38in.) =| 1779 |acre-feet 338 |inches 5420.00 - 460 - - - 45046.45 | 1034 | 134,360 | 3.084
Approximate 2-yr Detention Volume =|  0.293 |acre-feet 5420.20 - 480 - - - 46567.93 | 1070 | 143524 | 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 0782 |acre-feet

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

Define Zones and Basin Geometry

Zone 1 Volume (WQCV) =| 0163 |acre-feet
Zone 2 Volume (EURV - Zone 1) =|  0.436 |acre-feet
Zone 3 Volume (100-year - Zones 1&2) =| 0293 |acre-feet
Total Detention Basin Volume =|  0.892 |acre-feet
Initial Surcharge Volume (ISV) =|  user |it®
Initial Surcharge Depth (ISD) =|  user [it
Total Available Detention Depth (Hiora)) =|  user [it
Depth of Trickle Channel (Hro) =|  user  |ft
Slope of Trickle Channel (Src) =|  user  |ft/ft
Slopes of Main Basin Sides (Smain) =|  user  [H:v
Basin Length-to-Width Ratio (Ruw) =|  user
Initial Surcharge Area (Aisy) =|  user |ft?
Surcharge Volume Length (Lisy) =|  user |ft
Surcharge Volume Width (Wisy) =|  user |ft
Depth of Basin Floor (Hroo) =|  user  |ft
Length of Basin Floor (Lroor) =|  user  |ft
Width of Basin Floor (Wrioo) =|  user  |ft
Area of Basin Floor (Arioor) =|  user  [it?
Volume of Basin Floor (Vroor) =|  user  |ft®
Depth of Main Basin (Huan) =|  user |t
Length of Main Basin (Lyaw) =|  user  [it
Width of Main Basin (Wyan) =|  user  |ft
Area of Main Basin (Ayan) =|  user [it?
Volume of Main Basin (Vyaw) =|  user  |it®
Calculated Total Basin Volume (Vo) =|  user |acre-feet
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DETENTION BASIN STAG ORAGE TABLE BUILDER

MHFD-Detention, Version 4.06 (July 2022)
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OUTLET STRUCTURE CALCULATIONS PROVIDED FOR REFERENCE ONLY,
AND WILL NOT BE REVIEWED WITH THE PDR.

DETENTION BASIN OUTLET STRUCTURE DES

MHFD-Detention, Version 4.06 (July 2022)

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

O e s Estimated Estimated
‘wm:[ Lk ﬁmn ' Stage (ft) Volume (ac-ft) Qutlet Type
voruwe| cun | woel Zone 1 (WQCV) 0.94 0.163 Orifice Plate
:;::;;‘E" Zone 2 (EURV) 1.70 0.436 Orifice Plate
ZONE 1 AND 2

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

pooL Example Zone Configuration (Retention Pond) 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 = ft (distance below the filtration media surface) Underdrain Orifice Area = ft?
Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feel

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 ft?
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 ft?
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 ft?
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
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, H; = 1.80 N/A feet
Overflow Weir Front Edge Length = s 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 ft?
Overflow Grate Type =|  Type C Grate N/A Overflow Grate Open Area w/ Debris = 3.19 N/A ft?
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Qutlet 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 ft?
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
Routed Hydrograph Results The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
Design Storm Return Period = WwQcv 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
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DETENTION BASIN OUTLET STRUCTURE DESIGN

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

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.

LET S

URE DES

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP
Time Interval TIME WQCYV [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
0.00 0.00 2.04 2.93 3.71 2.65 3.32 3.74 5.45
0.00 0.00 4.39 5.98 7.80 5.57 6.79 7.71 11.68
0.00 0.00 4.94 6.72 8.47 11.64 14.97 17.92 2752
0.00 0.00 4.45 5.95 7.42 12.80 16.25 20.65 30.99
0.00 0.00 3.91 5.12 6.35 11.95 15.13 19.12 28.60
0.00 0.00 3.24 434 5.41 10.22 12.88 16.97 25.42
0.00 0.00 2.71 3.72 455 8.88 11.17 14.65 21.98
0.00 0.00 2.37 3.23 3.99 7.26 9.07 12.18 18.35
0.00 0.00 2.12 2.88 3.59 6.15 7.68 1057 16.03
0.00 0.00 1.90 2.56 3.21 5.33 6.64 9.42 14.35
0.00 0.00 157 2.26 2.85 4.45 5.50 7.53 11.41
0.00 0.00 1.29 1.92 2.55 3.68 4.50 5.94 8.94
0.00 0.00 1.10 1.65 2.22 2.91 3.52 4.38 6.53
0.00 0.00 1.00 1.50 1.94 2.36 2.83 3.26 4.82
0.00 0.00 0.95 1.42 1.75 1.96 2.34 2.59 3.79
0.00 0.00 0.92 1.36 1.63 1.72 2.04 2.19 3.17
0.00 0.00 0.90 1.22 153 1.56 1.84 1.92 2.74
0.00 0.00 0.88 111 1.47 1.45 1.71 1.74 2.45
0.00 0.00 0.87 1.04 142 1.38 1.62 1.62 2.25
0.00 0.00 0.75 0.98 1.35 1.33 1.56 1.54 2.12
0.00 0.00 0.66 0.91 1.22 1.29 1.52 1.49 2.05
0.00 0.00 0.48 0.66 0.89 0.94 111 1.09 1.49
0.00 0.00 0.35 0.47 0.63 0.67 0.79 0.78 1.07
0.00 0.00 0.24 0.33 0.45 0.48 0.56 0.56 0.76
0.00 0.00 0.17 0.23 0.31 0.33 0.39 0.39 0.53
0.00 0.00 0.12 0.15 0.21 0.23 0.27 0.26 0.36
0.00 0.00 0.08 0.10 0.14 0.16 0.18 0.18 0.25
0.00 0.00 0.05 0.07 0.09 0.10 0.12 0.12 0.16
0.00 0.00 0.02 0.04 0.05 0.06 0.07 0.07 0.09
0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.04
0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Project: Project Lowry

Basin ID: Pond C - North Expansion

100-v1

g :I:
VOLUME| eurv A
wock

00-YEAR
ORIFICE
oRFICES

PERMANENT.
oo Example Zone Configuration (Retention Pond)

Watershed Information

Depth Increment = ft
Optional Gptional
Stage - Storage Stage | Override | Length Width Area | Override | Area Volume | Volume
Description (ft) stage (ft) (ft) (ft) (ft | Area(ft®) | (acre) (ft%) (ac-ft)
Top of Micropool - 0.00 - - - 0 0.000
5419 - 0.85 - - - 19,805 | 0.457 8,455 0.194
5420 - 185 - - - 22,165 | 0509 29,485 0.677
5421 - 2.85 - - - 2453 | 0563 52,835 1213
5422 - 3.85 - - - 27,005 | 0620 78,605 1.805
5423.15 - 5.00 - - - 20575 | 0679 | 111,138 | 2561

Selected BMP Type = EDB
Watershed Area = 13.16 acres
Watershed Length = 1,490 ft
Watershed Length to Centroid = 745 ft
Watershed Slope = 0.020 ft/ft
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
After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using
the embedded Colorado Urban Hydrograph Procedure. Optional User Overrides
Water Quality Capture Volume (WQCV) =| 0328 |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 = 1.14in.) 0.896 acre-feet 1.14 inches
10-yr Runoff Volume (P1 = 1.4in.) = 1.133 acre-feet 1.40 inches
25-yr Runoff Volume (P1 = 1.79in.) = 1.582 acre-feet 179 inches
50-yr Runoff Volume (P1 = 2.11in.) = 1.932 acre-feet 211 inches
100-yr Runoff Volume (P1 = 2.46 in.) = 2.356 acre-feet 2.46 inches
500-yr Runoff Volume (P1 = 3.38in.) = 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 1538 |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  [it®
Initial Surcharge Depth (ISD) = user |t
Total Available Detention Depth (Hyoal) = user it
Depth of Trickle Channel (Hyc) =|  user  |ft
Slope of Trickle Channel (Src) =  user  |ft/ft
Slopes of Main Basin Sides (Smain) = user  |H:V
Basin Length-to-Width Ratio (Ruw) =|  user
Initial Surcharge Area (Ajsy) = user |2
Surcharge Volume Length (Lisy) =|  user  |it
Surcharge Volume Width (Wisy) = user it
Depth of Basin Floor (Hrioor) = user it
Length of Basin Floor (Lroor) = user it
Width of Basin Floor (Wrioor) = user it
Area of Basin Floor (ArLoor) = user  |ft?
Volume of Basin Floor (Vro0r) = user  |ft?
Depth of Main Basin (Hyan) = user it
Length of Main Basin (Lyan) = user it
Width of Main Basin (Wyan) = user it
Area of Main Basin (Ayan) = user  |ft?
Volume of Main Basin (Vyan) = user  |ft?
Calculated Total Basin Volume (Vi) =|  user |acre-feet
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OUTLET STRUCTURE CALCULATIONS PROVIDED FOR REFERENCE ONLY,
AND WILL NOT BE REVIEWED WITH THE PDR.

DETENTION BASIN OUTLET STRUCTURE DES

MHFD-Detention, Version 4.06 (July 2022)

Project: Project Lowry
Basin ID: Pond C - North Expansion

O e s Estimated Estimated
‘wm:[ Lk ﬁmn ' Stage (ft) Volume (ac-ft) Qutlet Type
voruwe| cun | woel Zone 1 (WQCV) 1.14 0.328 Orifice Plate
:;::;;‘E" Zone 2 (EURV) 2.79 0.850 Orifice Plate
ZONE 1 AND 2

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

pooL Example Zone Configuration (Retention Pond) Total (all zones) 1718
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = ft?
Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feel

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 ft?
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 ft?
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 ft?
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
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, H; = 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 ft?
Overflow Grate Type =|  Type C Grate N/A Overflow Grate Open Area w/ Debris = 3.22 N/A ft?
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Qutlet 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 ft?
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
Routed Hydrograph Results The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
Design Storm Return Period = WwQcv 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
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DETENTION BASIN OUTLET STRUCTURE DESIGN

MHFD-Detention, Version 4.06 (July 2022)

60

e 500YR IN
~~~~~~ 500YR OUT
e 100YR IN

— — 100YROUT yaN

s 50YR IN

50

== == 50YROUT
s 25YR IN
o= == = 25YROUT

40
s 10YR IN

== 10ROUT
—51RIN
~~~~~~ SYROUT
[ ——2wrin

FLOW [cfs]
@
8

— == 2RoUT
——— EURVIN
—— “EURVOUT
20 T e WQCVIN
...... waev out

10

0.1

45

s 500YR
s 100YR

4 H e 50YR
e 25YR
s 10YR

35 H
e 5YR

s 2YR

3 | e——EURV

—WQCV

N
2

PONDING DEPTH [ft]
~

[
2

0.1

DRAINTIME [hr]

120,000

User Area [ft"2]

250
Interpolated Area [ft"2]
Summary Area [ft"2]

e \/Olume [ft"3]

100,000

|

--<@-- Summary Volume [ft"3]

e Outflow [cfs]

80,000 +—1

«+@ -+ Summary Outflow [cfs]

f 150,

60,000

OUTFLOW [cfs]

=
1=}
S

40,000

AREA [ft"2], VOLUME [ft"3]

20,000

0.00 1.00 2.00 3.00 4.00 5.00 6.00
PONDING DEPTH [ft]

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
mini boundl | |
maximum boundl | | |

Lowry_MHFD-Detention_v4-06_Pond C.xlsm, Outlet Structure 4/19/2024, 10:35 AM


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


DETENTION BASIN STAGE

RAGE TABLE BUILDE

MHFD-Detention, Version 4.06 (July 2022)

Project: Project Lowry

Basin ID: Pond D - South Expansion (Disturbed Areas Only)

100vm
“’L""EI: e ] woci
=T

Y Depth Increment = it
PERMANENT- ORIFICES Optional Optional
oot Example Zone Configuration (Retention Pond) Stage - Storage Stage Override | Length Width Area Override Area Volume Volume
Description (ft) stage (ft) (ft) (ft) (ft | Area(ft®) | (acre) (ft%) (ac-ft)
Watershed Information Top of Micropool - 0.00 - - - 0 0.000
Selected BMP Type =|  EDB 5417 - 0.85 - - - 20,547 0472 8,732 0.200
Watershed Area =| 1224 |acres 5418 - 185 - - - 23,045 0529 30,528 0.701
Watershed Length =| 850 [t 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/it 5421 - 4.85 - - - 31,154 | 0715 | 111624 | 2563
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 =| 400 |hours - - - -

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

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure Optional User Overrides

Water Quality Capture Volume (WQCV) =| 0311 |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 = 1.14in.) 0.829 acre-feet 1.14 inches - - - -

10-yr Runoff Volume (P1 = 1.4in.) = 1.073 acre-feet 1.40 inches - - - -

25-yr Runoff Volume (P1 = 1.79in.) = 1.486 acre-feet 179 inches - - - -

50-yr Runoff Volume (P1 = 2.11in.) = 1.808 acre-feet 211 inches - - - -

100-yr Runoff Volume (P1 = 2.46 in.) = 2.184 acre-feet 2.46 inches - - - -

500-yr Runoff Volume (P1 = 3.38in.) = 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) =| 0517  |acre-feet - - = -

Total Detention Basin Volume = 1.546 acre-feet - - - -

Initial Surcharge Volume (ISV) =|  user  |ft? - - = -

Initial Surcharge Depth (ISD) = user |t - - = -

Total Available Detention Depth (Hir) =|  user  |it - = = -

Depth of Trickle Channel (Hyc) =|  user  |ft - - = -

Slope of Trickle Channel (Src) =  user  |ft/ft - - = -

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

Basin Length-to-Width Ratio (Ruw) =|  user - = = -

Initial Surcharge Area (Ajsy) = user  |ft? - = ~ ~

Surcharge Volume Length (Lisy) =|  user  |it - - = -
Surcharge Volume Width (Wisy) = user it = ~ ~

Depth of Basin Floor (Hrioor) = user it - = ~ ~

Length of Basin Floor (Lroor) = user it - = ~ ~

Width of Basin Floor (Wrioor) = user it - = ~ ~

Area of Basin Floor (ArLoor) = user  |ft? - = ~ ~

Volume of Basin Floor (Vro0r) = user  |ft? - = ~ ~

Depth of Main Basin (Hyan) = user it - = ~ ~

Length of Main Basin (Lyan) = user it - = ~ ~

Width of Main Basin (Wyan) = user it - = ~ ~

Area of Main Basin (Ayan) = user  |ft? - = ~ ~

Volume of Main Basin (Vyan) = user  |ft? - = ~ ~

Calculated Total Basin Volume (Vi) =|  user |acre-feet - = ~ ~
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Kimley»Horn

Project:  Project Lowry
Date: 4/19/2024

Emergency Overflow Weir Calculation - Pond C

Q (cfs) = 35.6 (100-yr Peak Inflow from Rational Calculation)
Caew = 3
Z= 4
H= 0.282

L(fty=[ 7834 |(80-ftis proposed)

Q = CrewlH™ +2 [( Z/S)CECI.VZHZ'S']

rearrange to solve for length:

@ —(*/s)CocwzH?S
B CaewH

,—Q (USE SLOPING BROAD—CRESTED WEIR EQUATION)

Q (USE HORIZONTAL BROAD-
| CRESTED WEIR EQUATION)

__ FREEBOARD

]

Figure 12-20. Sloping broad-crest weir

*orange cells require

Horizontal Broad Crested Weir Equation (from USDCM Eqgn. 12-8)

o~ 15
O=CyeylH Equation 12-8
Where:

O = discharge (cfs)

Crew = broad-crested weir coefficient (This ranges trom 2.6 to 3.0. A value of 3.0 is often used in
practice.) See Hydraulic Engineering Circular No. 22 for additional information.

L = broad-crested weir length (ft)

H = head above weir crest (ft)

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

2 2
0= (; }':,H wZ H* Equation 12-9

Where:
@ = discharge (cfs)

Crew = broad-crested weir coefficient (This ranges from 2.6 to 3.0. A value of 3.0 is often used in
practice.) See Hydraulic Engineering Circular No. 22 for additional information.

Z = side slope (horizontal: vertical)
H = head above weir crest (ft)

Note that in order to calculate the total flow over the weir depicted in Figure 12-20, the results from
Equation 12-8 must be added to two times the results from Equation 12-9.
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DETENTION BASIN OUTLET STRUCTURE DES

Project:

Project Lowry

MHFD-Detention, Version 4.06 (July 2022)

Basin ID: Pond D - South Expansion (Disturbed Areas Only)

ZONE 3

ZONE 2
ﬁ FZONE1
s

mo-m:|: )
VOLUME| guRy
I wm:\ﬁ_

ZONE 1 AND 2

PERMANENT: ORIFICES.
POOL

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

g

100-YEAR
ORIFICE

Example Zone Configuration (Retention Pond)

Underdrain Orifice Invert Depth =
Underdrain Orifice Diameter =

N/A
N/A

Zone 1 (WQCV)

Zone 2 (EURV)

Zone 3 (100-year)

Estimated Estimated
Stage (ft) Volume (ac-ft) Qutlet Type
1.09 0.311 Orifice Plate
2.45 0.717 Orifice Plate
3.33 0.517 Weir&Pipe (Restrict)
Total (all zones) 1.546

ft (distance below the filtration media surface)

inches

Underdrain Orifice Area =

Calculated Parameters for Underdrain

N/A

2

Underdrain Orifice Centroid = feet

User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP)

Centroid of Lowest Orifice =

Depth at top of Zone using Orifice Plate =

Orifice Plate: Orifice Vertical Spacing =
Orifice Plate: Orifice Area per Row =

User Input: Stage and Total Area of Each Orifice R

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

0.00

2.75

9.80

inches

3.39

Row 1 (required)

ow (numbered from lowest to highest)

ft (relative to basin bottom at Stage = 0 ft)
ft (relative to basin bottom at Stage = 0 ft)

sqg. inches (use rectangular openings)

WQ Orifice Area per Row =
Elliptical Half-Width =
Elliptical Slot Centroid =
Elliptical Slot Area =

Calculated Parameters for Plate

2.354E-02 ft®
N/A feet
N/A feet
N/A ft®

Row 2 (optional)

Row 3 (optional)

Row 4 (optional)

Row 5 (optional)

Row 6 (optional)

Row 7 (optional)

Row 8 (optional)

0.00

0.92

1.83

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)

User Input: Vertical Orifice (Circular or Rectangular)

Invert of Vertical Orifice =
Depth at top of Zone using Vertical Orifice =
Vertical Orifice Diameter =

Not Selected

Not Selected

N/A N/A
N/A N/A
N/A N/A

inches

ft (relative to basin bottom at Stage = 0 ft)
ft (relative to basin bottom at Stage = 0 ft)

Vertical Orifice Area =
Vertical Orifice Centroid =

Calculated Parameters for Vertical Orifice

Not Selected

Not Selected

N/A

N/A ft2

N/A

N/A feet

User Input: Overflow Weir (Dropbox with Flat or Sloped Grate and Outl

let Pipe OR Rectangular/Trapezoidal Weir and No Outlet Pipe)

Calculated Parameters for Overflow Weir

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, H; = 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 ft?
Overflow Grate Type =|  Type C Grate N/A Overflow Grate Open Area w/ Debris = 3.25 N/A ft?
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Qutlet 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 ft?
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
Routed Hydrograph Results The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
Design Storm Return Period = WwQcv 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 16.6 215 314 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
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OUTLET STRUCTURE CALCULATIONS PROVIDED FOR REFERENCE ONLY,
AND WILL NOT BE REVIEWED WITH THE PDR.

DETENTION BASIN OUTLET STRUCTURE DESIGN

MHFD-Detention, Version 4.06 (July 2022)
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OUTLET STRUCTURE CALCULATIONS PROVIDED FOR REFERENCE ONLY,
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DETENTION BASIN

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.

LET S

URE DES

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP
Time Interval TIME WQCYV [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
0.00 0.00 5.70 8.03 10.08 7.13 8.81 10.00 14.80
0.00 0.00 11.77 16.63 21.49 15.15 18.69 21.01 32.10
0.00 0.00 12.35 16.63 2131 31.40 38.55 45.13 64.38
0.00 0.00 9.77 13.02 16.59 30.02 36.48 45.41 64.17
0.00 0.00 7.66 9.93 12.56 25,53 30.90 37.92 53.36
0.00 0.00 5.71 7.73 9.89 19.48 23.54 30.35 42.72
0.00 0.00 4.41 6.23 7.68 16.11 19.48 2453 34.58
0.00 0.00 3.39 4.75 6.00 11.97 14.51 19.30 27.22
0.00 0.00 2.78 3.85 4.98 9.09 11.04 15.45 21.84
0.00 0.00 2,53 3.49 4.62 7.29 8.89 13.08 18.60
0.00 0.00 2.12 3.36 4.50 5.84 7.11 9.47 13.61
0.00 0.00 1.90 3.07 4.46 5.07 6.15 7.45 10.84
0.00 0.00 177 2.77 4.01 4.16 5.04 5.38 7.82
0.00 0.00 1.70 2.58 3.40 3.66 4.44 4.25 6.15
0.00 0.00 1.66 2.48 3.01 3.09 3.71 3.51 5.08
0.00 0.00 1.63 2.42 2.78 2.75 3.28 3.09 4.46
0.00 0.00 161 2.08 2.64 2.55 3.02 2.87 4.14
0.00 0.00 1.61 1.87 2.55 2.44 2.89 2.79 4.02
0.00 0.00 1.61 1.75 251 2.38 2.81 2.77 3.98
0.00 0.00 1.29 1.69 2.39 2.36 2.78 2.77 3.98
0.00 0.00 1.09 1.56 2.11 2.35 2.77 2.77 3.98
0.00 0.00 0.65 0.92 1.26 1.40 1.65 1.65 2.37
0.00 0.00 0.38 0.54 0.74 0.83 0.98 0.97 1.40
0.00 0.00 0.20 0.30 0.41 0.46 0.54 0.54 0.77
0.00 0.00 0.10 0.16 0.22 0.26 0.30 0.30 0.43
0.00 0.00 0.04 0.07 0.09 0.12 0.14 0.14 0.19
0.00 0.00 0.01 0.02 0.02 0.03 0.04 0.03 0.05
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Kimley»Horn

Project:  Project Lowry
Date: 4/18/2024

Emergency Overflow Weir Calculation - Pond D

Q (cfs) = 45.4 (100-yr Peak Inflow from Rational Calculation)
Caew = 3
Z= 4
H= 0.282

Lty = [ 055 ]

Q = CrewlH™ +2 [( Z/S)CECI.VZHZ'S']

rearrange to solve for length:

@ —(*/s)CocwzH?S
B CaewH

,—Q (USE SLOPING BROAD—CRESTED WEIR EQUATION)

Q (USE HORIZONTAL BROAD-
| CRESTED WEIR EQUATION)

__ FREEBOARD

]

Figure 12-20. Sloping broad-crest weir

*orange cells require

Horizontal Broad Crested Weir Equation (from USDCM Eqgn. 12-8)

o~ 15
O=CyeylH Equation 12-8
Where:

O = discharge (cfs)

Crew = broad-crested weir coefficient (This ranges trom 2.6 to 3.0. A value of 3.0 is often used in
practice.) See Hydraulic Engineering Circular No. 22 for additional information.

L = broad-crested weir length (ft)

H = head above weir crest (ft)

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

2 2
0= (; }':,H wZ H* Equation 12-9

Where:
@ = discharge (cfs)

Crew = broad-crested weir coefficient (This ranges from 2.6 to 3.0. A value of 3.0 is often used in
practice.) See Hydraulic Engineering Circular No. 22 for additional information.

Z = side slope (horizontal: vertical)
H = head above weir crest (ft)

Note that in order to calculate the total flow over the weir depicted in Figure 12-20, the results from
Equation 12-8 must be added to two times the results from Equation 12-9.




Worksheet for Swale N - 100 YR

Project Description

Friction Method

Manning
Formula

Solve For Normal Depth
Input Data
Roughness Coefficient 0.020
Channel Slope 0.010 ft/ft
Left Side Slope 4.000 H:V
Right Side Slope 4.000 H:V
Discharge 2.50 cfs
Results
Normal Depth 5.7 in
Flow Area 0.9 ft2
Wetted Perimeter 3.9 ft
Hydraulic Radius 2.8in
Top Width 3.79 ft
Critical Depth 5.7 in
Critical Slope 0.010 ft/ft
Velocity 2.79 ft/s
Velocity Head 0.12 ft
Specific Energy 0.59 ft
Froude Number 1.010
Flow Type Supercritical
GVF Input Data
Downstream Depth 0.0in
Length 0.0 ft
Number Of Steps 0
GVF Output Data
Upstream Depth 0.0in
Profile Description N/A
Profile Headloss 0.00 ft
Downstream Velocity Infinity ft/s
Upstream Velocity Infinity ft/s
Normal Depth 5.7 in
Critical Depth 5.7 in
Channel Slope 0.010 ft/ft
Critical Slope 0.010 ft/ft
Bentley Systems, Inc. Haestad Methods Solution FlowMaster
Project Lowry.fm8 Center [10.03.00.03]
4/30/2024 27 Siemon Company Drive Suite 200 W Page 1 of 1

Watertown, CT 06795 USA +1-203-755-1666



Klmley » Horn Project Lowry

Preliminary Drainage Report

Appendix D
Inlet Calculations (to be included with FDR)
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Klmley » Horn Project Lowry

Preliminary Drainage Report

Appendix E
Grocer's of Colorado Filing No. 2 FDR Excerpts
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Lot 1, Block 1 Associated Grocers of Colorado Subdivision
Filing No. 2

FINAL DRAINAGE REPORT

Project:
Kroger Aurora Expansion
Aurora, Colorado
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The Kroger Company
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Aurora, Colorado 80011
Mark Smekrud
(720) 244-5976

Prepared By:
Kimley-Horn and Associates, Inc.
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Denver, CO 80237
Randall Phelps, P.E.
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

ENGINEER’S CERTIFICATION

This report and plan for the drainage design of Kroger Aurora Expansion 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.
FACSIMILE

This electronic plan is a
facsimile of the signed
and sealed pdf set

(Randall J. Phelps)
06/28/2018

Randall J. Phelps, P.E.
Registered Professional Engineer
State of Colorado No. 35204
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Final Drainage Report
Associated Grocers of Colorado Filing No.2
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

INTRODUCTION

Location

The site is located on Tower Road just north of East Colfax Avenue, situated in the South 1/2
of Section 33, Township 3 South, Range 66 West of the 6™ Principal Meridian, City of Aurora,
County of Adams, State of Colorado. More specifically, the site is located on Lot 1, Block 1
Associated Grocers of Colorado subdivision Filing No.2. The proposed expansion is located on
the west side of the existing Kroger Distribution Center, 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 undeveloped and consists of primarily
sparse native grass, weeds, and brush cover.

Vicinity Map
A vicinity map is provided below for reference:

N
E}q:s
?}q 7
£

SMITH Rp. 70

E. 22ND AVE.

i "~ _EXISTING SITE|

E. 19TH AVE. \

PROJECT LOCATION|

| y

E. COLFAX AVE.
VICINITY MAP =

NTS

OWER RD//

N. AIRPORT BLVD.

¥
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

Proposed Development

The proposed development (the project) is located west of the current Kroger Distribution
Center on currently undeveloped land. The project is proposed to add 174,152 SF to the west
end of the existing building. The development of this project results in an overall
imperviousness of 38% for the site.

The project site is currently undeveloped and generally sheet flows with slopes between 0%
and 3% west towards Sand Creek. Generally, runoff from the existing site splits and flows
either north or south toward the existing concrete channels along the north and south property
lines.

A NRCS soil study for the project area was obtained to determine the soil characteristics of
the site. The results of this study show that 77% of the site is soil type A and 23% of the site
is soil type B. The NRCS study is found in the appendix of this report. This site does not
contain any types C or D soils.

No drainage variances are being requested at this time.

HISTORIC DRAINAGE

Overall Sub-Basin Description
The Site is not part of any Master Drainage Report.

The site is located within FEMA Flood Insurance Rate Map (FIRM) Number 08005C0181K,
dated December 17, 2010. The northwest corner of the project site is located in Zone X
which is the 500-year floodplain. These maps are located in Appendix A. The project site is
not located within the 100-year mapped floodplain.

Off-site Basins

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.

Outfalls Downstream from Property

Site drainage currently sheet flows to the west side of the property and ultimately to Sand
Creek. Existing runoff on the north half of the site sheet flows to the north and is captured by
the existing concrete channel along the north 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.

DESIGN CRITERIA

The “City of Aurora Storm Drainage Design and Technical Criteria,” revised October 2010 (The
“Criteria”) and the “Urban Drainage and Flood Control District Urban Storm Drainage Criteria
Manual” Volumes 1, 2, and 3 (The “Manual”), with latest revisions, were used when preparing
the storm calculations.

5|Page
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

Hydrologic Criteria

Per the Criteria, an industrial site requires design for the 2-year and 100-year design storm
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, adopted by the City of Aurora, was used to calculate runoff using the
Rational Method for sub-basins less than 160 acres in size. Figures RA-1 through RA-6, of the
Manual, were used to determine the P1 values for the intensity values used. One-hour rainfall
depths used for the calculations at the site are 0.97 inches and 2.63 inches for the 2-year and
100-year events, respectively. All water quality and detention will be sized using the full-
spectrum detention method as described in Chapter 12 of the Manual, Volume 2.

Hydraulic Criteria

The project will construct a private internal storm sewer network, including inlets, to capture
runoff. All inlets will be sized using UD Inlet to intercept the 100-year event, and all pipes will
be sized to convey the 100-year event using StormCAD for design. These calculations have
been included in Appendix B.

The project will convey stormwater to the existing concrete channels along the north and south
property lines. Per the Tower Center for Industry Filing No. 1, 2 & 3 Construction Plans
prepared by Stearns-Roger Architects LTD on June 17, 1981 the normal depth in the northern
channel is approximately 3.57ft. The channel geometry has a 10ft bottom with 3:1 side-slopes
and 28ft top width. Given the approximate normal depth and channel geometry, it is assumed
that the channel is sized to convey approximately 565cfs. Per the Final Drainage Report and
Grading Plan for the Associated Grocers of Colorado Warehouse prepared by Engineering
Service Company dated November 3, 1982, the southern channel has been designed to
convey 463cfs with a normal depth of 3.60ft and 1.40ft of freeboard. The channel geometry
has a 10ft bottom with 2:1 side-slopes and 30ft top width.

Excerpts from reference reports have been included in Appendix E.

DRAINAGE PLAN

Proposed Drainage Concept

Stormwater generated by the project will sheet flow to the proposed drainage swales and will
be captured and conveyed to two proposed detention ponds by an underground storm sewer
system. The proposed north detention pond will release flows to the existing concrete drainage
channel directly north of the site and the proposed south detention pond will release flows to
the existing concrete drainage channel along the south property line. These discharges will
release at flow rates in accordance with the Criteria. Ultimately, these two concrete drainage
channels will discharge into Sand Creek running along the west property line. The property
owner will be responsible for maintenance of the on-site detention system. No off-site flows
currently enter the site, nor will any on-site drainage impact adjacent development.

The two existing concrete drainage channels to the north and south of the property will be
used to convey the off-site flow to the ultimate discharge point of Sand Creek. Design
calculations have been completed to ensure the existing channels are sized to convey the
additional flows from the proposed development.

6|Page
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

The existing distribution center’'s stormwater runoff will not be included in these water quality
and discharge calculations.

Sub-basin Descriptions

A Drainage Map is provided in Appendix D, illustrating the sub-basins proposed with this
project. Individual sub-basin details such as runoff coefficient calculations and imperviousness
percentages are provided in Appendix B. The 2-year and 100-year peak flows for each sub-
basin are also provided in Appendix B. A summary of the basin parameters is included in
Table 1 below.

ON-SITE BASINS

Sub-basin A-1

Sub-basin A-1 is located west of the proposed building expansion and consists of asphalt
paving, gravel access and landscaping, along with the proposed north detention pond. The
100-year event flow will be conveyed via sheet flow across the fire access drive and
landscaping west to the proposed North Detention Facility at Design Point A1.

In the future, the eastern portion of this basin will consist of an additional building expansion.
Approximately 43,581sf of the future roof area (Future Basin R-12) is anticipated to contribute
to the North Detention Facility. The North Detention Facility has been sized to accommodate
the anticipated future building expansion.

Sub-basin A-2

Sub-basin A-2 is located north of the proposed building and consists of a fire access road,
landscaping, and the proposed northern swale. The 100-year event flow will be conveyed from
south to north and flow to the swale along the north property line to Design Point A2.

Sub-Basins R1-R4 are routed by storm sewer to the proposed northern swale in Sub-Basin A-
2. The cumulative 100-year event flow is 14.1 cfs for the northern swale. Ultimately, runoff
from Sub-Basin A-2 and R1-R4 are conveyed to the proposed North Detention Facility to
Design Point A1.

In the future, a portion of this basin will be made of up an additional building expansion (Basin
R-12).

Sub-basin A-3

Sub-basin A-3 is located south and southwest of the proposed expansion building. The basin
consists of pavement, some landscaping, and proposed Swale A3. The 100-year event flow
will be conveyed via sheet flow from the landscape and pavement to the South Detention
Facility to Design Point A4.

Sub-basin A-4

Sub-basin A-4 is located south and southwest of the proposed expansion building. The basin
consists of pavement, some landscaping, and the proposed South Detention Facility. The 100-
year event flow will be conveyed via sheet flow from the landscape and pavement to Swale A3
and ultimately to the South Detention Facility to Design Point A4. Design Point A4 also
consists of flows routed from Sub-basins R5-R11.

7|Page
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

Sub-basin A-5

Sub-basin A-5 is located at the southwest corner of the proposed building. In the current
condition, the basin consists of pavement and some landscaping. The 100-year event flow will
be conveyed via sheet flow from the landscape and pavement to an area drain and ultimately
conveyed to the South Detention Facility to Design Point A4. The proposed area drain has
been sized for the current contributing acres.

In the future, this basin will consist of an additional building expansion. Approximately 43,581sf
of the future roof area (Basin R-13) is anticipated to contribute to the south storm sewer
system and South Detention Facility. The storm sewer and South Detention Facility have been
sized to accommodate the anticipated future building expansion.

Sub-basin R-1

Sub-basin R-1 is located on the northern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains
directly to the proposed swale running along the north property line and conveyed to Design
Point A2. Design Point A2 also consists of flows routed from Sub-basins A2 and R2-R4.

Sub-basin R-2
Sub-basin R-2 is located on the northern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains

directly to the proposed swale running along the north property line and conveyed to Design
Point A2. Design Point A2 also consists of flows routed from Sub-basins A2, R1, and R3-R4.

Sub-basin R-3
Sub-basin R-3 is located on the northern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains

directly to the proposed swale running along the north property line and conveyed to Design
Point A2. Design Point A2 also consists of flows routed from Sub-basins A2, R1-R2, and R4.

Sub-basin R-4

Sub-basin R-3 is located on the northern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains
directly to the proposed swale running along the north property line and conveyed to Design
Point A2. Design Point A2 also consists of flows routed from Sub-basins A2 and R1-R3.

Sub-basin R-5

Sub-basin R-5 is located on the southern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event drains through roof drains directly
to the proposed south detention pond to Design Point A3.

Sub-basin R-6

Sub-basin R-6 is located on the southern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains
directly to the proposed south detention pond to Design Point A3.
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

Sub-basin R-7

Sub-basin R-7 is located on the southern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains
directly to the proposed south detention pond to Design Point A3.

Sub-basin R-8

Sub-basin R-8 is located on the southern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains
directly to the proposed south detention pond to Design Point A3.

Sub-basin R-9

Sub-basin R-9 is located on the southern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains
directly to the proposed south detention pond to Design Point A3.

Sub-basin R-10

Sub-basin R-10 is located on the southern portion of the proposed expansion building
and consists of 100% impervious roof area. The 100-year event flow drains through roof drains
directly to the proposed south detention pond to Design Point A3.

Sub-basin R-11

Sub-basin R-11 is located on the southern portion of the proposed expansion building and
consists of 100% impervious roof area. The 100-year event flow drains through roof drains
directly to the proposed south detention pond to Design Point A3.

Sub-basins R-12 & R-13

Sub-basins R-12 & R-13 are future basins that are anticipated to consist of approximately
87,702sf of a future building expansion. The 100-year event flow will be split and drain through
roof drains to the detention facilities on-site.

OFFSITE BASINS

Sub-basin 0S-1

Sub-basin OS-1 consists of the landscape berm north of the site. The 100-year event flow will
be conveyed via overland flow west to the existing Sand Creek to the west of the site.

Sub-basin 0S-2

Sub-basin OS-2 consists of pavement and landscaping. The 100-year event flow will be
conveyed via overland flow east to the existing stormwater system located east of the
proposed expansion site.

Sub-basin 0S-3

Sub-basin OS-3 consists of the landscape berm south of the site. The 100-year event flow will
be conveyed via overland flow south to the existing 31.4’ drainage channel running east to
west along the south end of the site.
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

Table 1: Basin Summary
Basin Coefficients Direct Flows Cumulative Flows

DRAIN AREA Q2 Q100 Q2 Q100 Q2 Q100

BASIN Ac CFS | CFS CFS CFS
A-1 6.24 0.21 0.26 3.0 9.7

A-2 1.08 0.38 0.45 0.9 3.0 12.4 14.1
A-3 1.72 0.37 0.41 1.4 4.3
A-4 3.00 0.42 0.46 3.0 9.0
R-1 0.61 0.80 0.90 1.5 4.6
R-2 0.68 0.80 0.90 1.7 5.2
R-3 0.33 0.80 0.90 0.8 2.5

R-4 0.37 0.80 0.90 0.9 2.8 13.5 15.2
R-5 0.30 0.80 0.90 0.7 2.2
R-6 0.29 0.80 0.90 0.7 2.2
R-7 0.24 0.80 0.90 0.6 1.8
R-8 0.27 0.80 0.90 0.7 2.0
R-9 0.27 0.80 0.90 0.7 2.0
R-10 0.27 0.80 0.90 0.7 2.1

R-11 0.36 0.80 0.90 0.9 2.8 13.5 15.2
A-5 0.62 0.18 0.19 0.3 0.8
A-1 (future) 4.84 0.22 0.27 2.6 8.5
A-2 (future) 0.90 0.42 0.49 1.2 3.7
A-5 (future) 0.18 0.18 0.22 0.1 0.3
R-12 (future) 1.01 0.80 0.90 2.5 7.7
R-13 (future) 1.01 0.80 0.90 2.5 7.7
0S-1 0.64 0.18 0.22 0.4 8.5
0S-2 0.27 0.87 0.92 0.8 45
0S-3 0.62 0.18 0.22 0.3 4.9

Water Quality and Detention Summary

All onsite flows will be conveyed directly to the proposed detention ponds north and south of
the site. Detention and water quality will be provided for all onsite and offsite detained flows via
the detention ponds designed for the 100-year event plus half of the EURV event per the City
of Aurora Criteria. Calculations for the detention ponds are provided in Appendix C. Both the
north and south detention facilities have been sized to receive half of the anticipated future
87,702sf building expansion. The release rates for the proposed detention systems are based
on 0.58 cfs/acre. A summary of the pond designs are included in Table 2 below.

Table 2 - Pond Summary Table
Pond Volume 100-year +1/2 | Max Release
Required EURV WSEL Rate
North 0.834 ac-ft 5414.70 5.06 cfs
South 0.994 ac-ft 5418.20 4.58 cfs
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Final Drainage Report
Associated Grocers of Colorado Filing No.2

The additional runoff conveyed to the existing concrete channels is not anticipated to have
negative impacts to the channels. Flow in the southern channel is increased from 463cfs to
approximately 468cfs, increasing the normal depth in the channel by 0.02ft. Flow in the
northern channel will be increased by approximately 5.0cfs and the normal depth will increase
by approximately 0.02ft. Calculations for the existing and proposed channel capacities have
been included in Appendix B. Each of the channels have in excess of 1-ft of freeboard in their
existing conditions.

The two detention ponds will be owned and maintained by Kroger Co.

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 Drainage Flood Control District
Urban Storm Drainage Criteria Manual Volumes 1, 2, and 3 have been utilized in the design of
the storm sewer system as well as Best Management Practices. The ultimate storm sewer
system for this site will provide for the 100-year storm event and will not surcharge the storm
sewer in the minor event. This project will comply with the state law regarding the requisite
release rates and times and will be uploaded to the state.

Summary of Drainage Concept

The project’s runoff generated within the site is collected using private roof drains, swales, and
storm inlets, which flow to the north and south detention ponds, where the stormwater will be
detained and treated by the forebay, trickle channel, and micropool per UDFCD requirements.
The proposed detention pond releases flows at City of Aurora Criteria Manual rates to the
existing Sand Creek located west of the site.

REFERENCES

Final Drainage Report and Grading Plan for Associated Grocers of Colorado Warehouse,
Engineering Service Company; November 3, 1982

Flood Insurance Rate Map — Map Number 08005C0181K, Federal Emergency Management
Agency; December 17, 2010.

Storm Drainage Design and Technical Criteria, City of Aurora; October 2010.

Tower Center for Industry Filing No. 1, 2 & 3 Construction Plans, Stearns-Roger Architects
LTD; June 17, 1981

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

Lot 1, Block 1 Associated Grocers of Colorado Subdivision Filing No. 2 Preliminary Drainage
Report COA EDN , Kimley-Horn & Associates; May 16, 2018
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APPENDIX B — HYDROLOGIC/HYDRAULIC CALCULATIONS

KROGER AURORA EXPANSION | FINAL DRAINAGE REPORT -



096693000 Associated Grocers of Colorado Filing No.2 5/16/2018
Kroger Aurora Expansion

RAINFALL INTENSITY

(10 +TC)0.786
Where:
I = rainfall intensity (inches per hour)
P, = one-hour rainfall depth (inches) from figures RA1-RA-6
in USDCM, Volume 1
T = time of concentration (minutes)

2-yr S-yr 10-yr 100-yr
P,= 097 1.39 1.63 2.63

Time Intensity Frequency Tabulation

TIME 2YR 5YR 10 YR | 100 YR
5 3.29 4.71 5.53 8.92
10 2.62 3.76 4.41 7.12
15 2.20 3.16 3.70 5.97
20 1.91 2.73 3.21 5.17
25 1.69 242 2.84 4.58
30 1.52 2.18 2.56 4.13
40 1.28 1.83 2.15 3.46
50 1.11 1.59 1.86 3.00
60 0.98 1.40 1.65 2.66

120 0.60 0.86 1.01 1.63

KADEN_Civili096693000_Kroger Aurora Expansion\_Project Files\Eng\Drainage\Calculations\CIA_Kroger Aurora Expansion.xlsx



096693000 Associated Grocers of Colorado Filing No.2 5/16/2018
Kroger Aurora Expansion
BASIN IMPERVIOUSNESS AND RUNOFF COEFFICIENT
Tmp. C2 Cs C10 C100
Landscape 5% 0.18 0.19 0.20 0.22
Light Industrial 30% 0.71 0.72 0.76 0.82
Roof 90% 0.80 0.85 0.90 0.90
Concrete 96% 0.87 0.87 0.88 0.89
Street - Paved 100% 0.87 0.88 0.90 0.93
Gravel (packed) 40% 0.15 0.25 035 0.65
ON SITE BASINS
Basin ID Roof (SF) Lalzcsl;c)ape Concrete (SF) Stree(ts—]-‘l:aved (]Tave(ls(llz)acked) Total Basin Area (SF) Totai/[\}j:::)Area Impc:rIvii»S::ness* C2* C5* C100*
Al 0 257749 13130 906 271785 6.24 10% 0.21 0.22 0.26
A2 0 31062 400 13489 1905 46856 1.08 35% 0.38 0.40 0.45
A3 0 53271 0 20568 1201 75040 1.72 32% 037 0.38 0.41
A4 0 83061 9136 35533 2927 130657 3.00 38% 0.42 0.43 0.46
R-1 26614 0 0 0 0 26614 0.61 90% 0.80 0.85 0.90
R-2 29815 0 0 0 0 29815 0.68 90% 0.80 0.85 0.90
R-3 14310 0 0 0 0 14310 0.33 90% 0.80 0.85 0.90
R-4 16157 0 0 0 0 16157 0.37 90% 0.80 0.85 0.90
R-5 12853 0 0 0 0 12853 030 90% 0.80 0.85 0.90
R-6 12482 0 0 0 0 12482 0.29 90% 0.80 0.85 0.90
R-7 10499 0 0 0 0 10499 0.24 90% 0.80 0.85 0.90
R-8 11588 0 0 0 0 11588 0.27 90% 0.80 0.85 0.90
R-9 11717 0 0 0 0 11717 0.27 90% 0.80 0.85 0.90
R-10 11872 0 0 0 0 11872 0.27 90% 0.80 0.85 0.90
R-11 15885 0 0 0 0 15885 0.36 90% 0.80 0.85 0.90
A5 0 22890 0 0 4271 27161 0.62 11% 0.18 0.20 0.19
A-1 (future) 0 196952 0 13130 906 210988 4.84 11% 0.22 0.23 0.27
A-2 (future) 0 23472 400 13489 1905 39266 0.90 40% 0.42 0.44 0.49
A-5 (future) 0 7782 0 0 0 7782 0.18 5% 0.18 0.19 0.22
R-12 (future) 43831 0 0 0 0 43851 1.01 90% 0.80 0.85 0.90
R-13 (future) 43851 0 0 0 0 43851 1.01 90% 0.80 0.8 0.90
Total 173792 448033 9536 82720 11210 725291 16.65 38% 0.42 0.44 0.48
OFFSITE BASINS
08-1 0 27711 0 0 0 27711 0.64 5% 0.18 0.19 0.22
08-2 0 0 3926 7632 0 11558 0.27 99% 0.87 0.88 0.92
083 0 27055 0 0 0 27055 0.62 5% 0.18 0.19 0.22
POND SIZING (for future conditions)
North 130747 | 220424 400 26619 | 2811 381001 8.747 40.87% 0.44 0.47 0.50 |
| South | 117894 | 144114 9136 56101 | 4128 331373 7.902 53.77% 0.53 0.56 0.60 |

KADEN_Civili096693000_Kroger Aurora Expansion\_Project Files\Eng\Drainage\Calculations\CIA_Kroger Aurora Expansion.xlsx
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Associated Grocers of Colorado Filing No.2
Kroger Aurora Expansion

TIME OF CONCENTRATION

Watercourse Coefficient
Forest & Mcadow 2.50 Short Grass Pasture & Lawns 7.00 Grasscd Waterway 15.00
Fallow or Cultivation 5.00 Nearly Barc Ground 10.00 Paved Arca & Shallow Gutter 20.00]
SUB-BASIN INITIAL / OVERLAND TRAVEL TIME T(c) CHECK FINAL
DATA 0.00 T() (URBANIZED BASINS) T(c)*
DESIGN | DRAIN AREA AREA COEFF Length Slope T() Length Slope Coell. Velocity T(1) COMP. | TOTAL |L/180+10
POINT BASIN sq. 1L ac. C5 . /R min [ Vi Ips min. T(c) LENGTH min.
A-1 A-1l 271,785 6.24 0.22 430 0.020 264 380 0.020 20 2.8 22 28.6 810 14.5 145
A-2 A-2 46,856 1.08 0.40 50 0.020 7.2 690 0.005 20 14 8.1 15.3 740 14.1 14.1
A-3 A-3 75,040 1.72 0.38 180 0.015 154 670 0.005 20 14 7.9 233 850 14.7 14.7
A-4 A-4 130,657 3.00 0.43 75 0.010 10.7 320 0.005 20 14 3.8 145 395 122 12.2
R-1 R-1 26,614 0.61 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-2 R-2 29,815 0.68 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-3 R-3 14,310 0.33 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-4 R-4 16,157 0.37 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-5 R-5 12,853 0.30 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-6 R-6 12,482 0.29 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-7 R-7 10,499 0.24 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-8 R-8 11,588 0.27 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-9 R-9 11,717 0.27 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-10 R-10 11,872 0.27 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
R-11 R-11 15,885 0.36 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
A5 A-5 27,161 0.62 0.20 161 0.015 18.3 0.0 0.0 183 161 109 109
A-l A-1
210,988 4.84 0.23 430 0.020 26.1 0.0 0.0 26.1 430 12.4 124
(future) (future)
A-2 A-2
39,266 0.90 0.44 50 0.02 6.8 0.0 0.0 6.8 50 10.3 6.8
(future) (future)
A-5 A-5
7,782 0.18 0.19 161 0.02 185 0.0 0.0 18.5 161 10.9 10.9
(future) (future)
R12 R12 43,851 1.01 0.85 300 0.020 6.3 0.0 0.0 6.3 300 117 6.3
(future) (future)
R-13 R-L3 43,851 1.01 0.85 300 0.020 6.3 0.0 0.0 6.3 300 11.7 6.3
(future) (future)
0s-1 0s-1 27,711 0.64 0.19 20 0.100 35 0 0.010 20 2.0 0.0 5.0 20 10.1 5.0
0s-2 0s-2 11,558 0.27 0.88 150 0.010 5.0 0 0.010 20 2.0 0.0 5.0 150 10.8 5.0
0s-3 0s-3 27,055 0.62 0.19 160 0.040 133 0 0.010 20 2.0 0.0 133 160 109 109
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096693000 Associated Grocers of Colorado Filing No.2
Kroger Aurora Expansion

RUNOFF CALCULATIONS

Design Storm 100 Year
BASIN INFORMATON DIRECT RUNOFF TOTAL RUNOFF
DESIGN | DRAIN | AREA [RUNOFF| Ti(c) CxA i Q T(c) SUM i Q REMARKS
POINT BASIN ac. COEFF min in/hr cls min CxA in/hr cls
Al Al 6.24 0.26 14.5 1.60 6.09 9.7
A2 A2 1.08 0.45 14.1 0.48 6.18 3.0 14.1 2.28 6.18 14.1 Basin A2 and R1-R4
A3 A3 1.72 0.41 14.7 0.71 6.04 43
A-4 A4 3.00 0.46 12.2 1.36 6.61 9.0
R-1 R-1 0.61 0.90 6.3 0.55 8.45 4.6
R-2 R-2 0.68 0.90 6.3 0.62 8.45 5.2
R-3 R-3 0.33 0.90 6.3 0.30 8.45 2.5 6.3 0.63 8.45 5.3 Basin R3-R4
R-4 R-4 0.37 0.90 6.3 0.33 8.45 2.8 6.3 1.80 8.45 15.2 Basin R1-R4
R-5 R-5 0.30 0.90 6.3 0.27 8.45 22
R-6 R-6 0.29 0.90 6.3 0.26 8.45 22 6.3 0.52 8.45 4.4 Basin R5-R6
R-7 R-7 0.24 0.90 6.3 0.22 8.45 1.8 6.3 0.74 8.45 6.3 Basin R5-R7
R-8 R-8 0.27 0.90 6.3 0.24 8.45 2.0 6.3 0.98 8.45 83 Basin R5-R8
R-9 R-9 0.27 0.90 6.3 0.24 8.45 2.0 6.3 1.22 8.45 10.3 Basin R5-R9
R-10 R-10 0.27 0.90 6.3 0.25 8.45 2.1
R-11 R-11 0.36 0.90 6.3 0.33 8.45 2.8 6.3 1.80 8.45 15.2 Basin R5-11
AS A5 0.62 0.19 10.9 0.12 6.91 0.8
Al Al 4.84 0.27 124 1.29 6.57 8.5
(future) (future)
A2 A2 0.90 0.49 6.8 0.44 8.27 3.7
(future) (future)
AS AS 0.18 0.22 109 0.04 6.91 0.3
(future) (future)
R12 R-12 1.01 0.90 6.3 0.91 8.45 7.7
(future) (future)
R13 R-13 1.01 0.90 6.3 0.91 8.45 7.7
(future) (future)
05-1 0s-1 0.64 0.22 5.0 0.14 8.92 8.5
0s-2 0S-2 0.27 0.92 5.0 0.24 8.92 45
0s-3 0s-3 0.62 0.22 10.9 0.14 6.91 49
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096693000 Associated Grocers of Colorado Filing No.2 5/16/2018
Kroger Aurora Expansion

RUNOFF CALCULATIONS
Design Storm 2 Year
BASIN INFORMATON DIRECT RUNOFF TOTAL RUNOFF
DESIGN | DRAIN | AREA [RUNOFF| T(c) CxA T Q T(c) SUM T Q REMARKS
POINT BASIN ac. COEFF min in/hr cfs min CxA in/hr cfs
Al Al 6.24 0.21 14.5 1.33 224 3.0
A2 A2 1.08 0.38 14.1 0.41 2.28 0.9 14.1 2.01 6.18 12.4 Basin A2 and R1-R4
A3 A3 1.72 0.37 14.7 0.64 2.23 1.4
A4 A-4 3.00 0.42 12.2 1.25 2.44 3.0
R-1 R-1 0.61 0.80 6.3 0.49 3.12 15 0.0
R-2 R-2 0.68 0.80 6.3 0.55 3.12 1.7 0.0
R-3 R-3 0.33 0.80 6.3 0.26 3.12 0.8 6.3 0.56 8.45 47 Basin R3-R4
R-4 R-4 0.37 0.80 6.3 0.30 3.12 0.9 6.3 1.60 8.45 135 Basin R1-R4
R-5 R-5 0.30 0.80 6.3 0.24 3.12 0.7 0.0
R-6 R-6 0.29 0.80 6.3 0.23 3.12 0.7 6.3 0.47 8.45 3.9 Basin R5-R6
R-7 R-7 0.24 0.80 6.3 0.19 3.12 0.6 6.3 0.66 8.45 5.6 Basin RS-R7
R-8 R-8 0.27 0.80 6.3 0.21 3.12 0.7 6.3 0.87 8.45 7.4 Basin RS-R§
R-9 R-9 0.27 0.80 6.3 0.22 3.12 0.7 6.3 1.09 8.45 9.2 Basin RS-RY
R-10 R-10 0.27 0.80 6.3 0.22 3.12 0.7 0.0
R-11 R-11 0.36 0.80 6.3 0.29 3.12 0.9 6.3 1.60 8.45 13.5 Basin RS-11
A5 AS 0.62 0.18 10.9 0.11 2.55 03
Al Al 4.84 0.22 12.4 1.08 2.42 2.6
(future) (future)
A2 A2 0.90 0.42 6.8 0.38 3.05 12
(future) (future)
AS AS 0.18 0.18 10.9 0.03 2.55 0.1
(future) (future)
R-12 R12 1.01 0.80 6.3 0.81 3.12 2.5
(future) (future)
R-13 R13 1.01 0.80 6.3 0.81 3.12 2.5
(future) (future)
0s-1 05-1 0.64 0.18 5.0 0.11 3.29 0.4
0S-2 0s-2 0.27 0.87 5.0 0.23 3.29 0.8
0s-3 0s-3 0.62 0.18 10.9 0.11 2.55 0.3
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Associated Grocers of Colorado Filing No.2

Kroger Aurora Expansion

Site Runoff Summary

Direct Flows Cumulative Flows
DESIGN DRAIN AREA Q, Qo0 Q, Quo0
POINT BASIN Ac CFS CFS CFS CFS
A-1 A-1 6.24 3.0 9.7
A-2 A-2 1.08 0.9 3.0 12.4 14.1
A-3 A-3 1.72 1.4 4.3
A-4 A-4 3.00 3.0 9.0
R-1 R-1 0.61 1.5 4.6
R-2 R-2 0.68 1.7 5.2
R-3 R-3 0.33 0.8 2.5
R-4 R-4 0.37 0.9 2.8 13.5 15.2
R-5 R-5 0.30 0.7 2.2
R-6 R-6 0.29 0.7 2.2
R-7 R-7 0.24 0.6 1.8
R-8 R-8 0.27 0.7 2.0
R-9 R-9 0.27 0.7 2.0
R-10 R-10 0.27 0.7 2.1
R-11 R-11 0.36 0.9 2.8 13.5 15.2
A-5 A-5 0.62 0.3 0.8
A-1 A-1
(future) | (future) 4.84 26 8.5
A-2 A-2
(future) | (future) 0.90 1.2 3.7
A-5 A-5
(future) | (future) 0.18 0.1 03
R-12 R-12
(future) | (future) 1.01 2:5 77
R-13 R-13
(future) | (future) 1.01 2:5 77
0s-1 0s-1 0.64 0.4 8.5
05-2 05-2 0.27 0.8 4.5
0S-3 0S-3 0.62 0.3 4.9
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Worksheet for Swale A1

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

Subcritical

0.040
0.01200
4.00
4.00
3.00
9.70

0.69
4.00
8.72
0.46
8.55
0.54
0.03298
242
0.09
0.78
0.62

0.00
0.00

0.00

0.00
Infinity
Infinity

0.69

0.54

0.01200

(cobble bottom)
ft/ft

ft/ft (H:V)

ft/ft (H:V)

ft

ft¥/s

ft
ft2
ft

ft

ft

ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
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Worksheet for Swale A2

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.040
0.00890
4.00
4.00
3.00
14.10

0.89
5.87
10.37
0.57
10.15
0.66
0.03125
240
0.09
0.98
0.56

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.89

0.66

0.00890

(cobble)
ft/ft

ft/ft (H:V)
ft/ft (H:V)
ft

ft*/s

ft
ft2
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
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Worksheet for Swale A3

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

Subcritical

0.040
0.00940
4.00
4.00
3.00
4.30

0.49
2.43
7.04
0.34
6.92
0.34
0.03726
1.77
0.05
0.54
0.53

0.00
0.00

0.00

0.00
Infinity
Infinity

0.49

0.34

0.00940

(cobble bottom)
ft/ft

ft/ft (H:V)

ft/ft (H:V)

ft

ft¥/s

ft
ft2
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
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Existing North Channel

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.015

Channel Slope 0.00200  ft/ft

Normal Depth 3.57 ft

Left Side Slope 3.00 ft/fft (H:V)

Right Side Slope 3.00 ft/fft (H:V)

Bottom Width 10.00 ft

Results

Discharge 565.64 ft¥/s

Flow Area 7393 e estimated existing flow
Wetted Perimeter 3258 ft based on design criteria
Hydraulic Radius 227 ft found in TOWGI’ Center
Top Width a2 construction documents.
Critical Depth 3.34 ft

Critical Slope 0.00263  ft/ft

Velocity 7.65 ftis

Velocity Head 0.91 ft

Specific Energy 4.48 ft

Froude Number 0.88

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0
GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 3.57 ft
Critical Depth 3.34  ft
Channel Slope 0.00200 ft/ft

Bentley Systems, Inc. Haestad Methods SoBéitthe@dtitavMaster V8i (SELECTseries 1) [08.11.01.03]
3/27/2018 11:10:15 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Existing North Channel with Additional Flow

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.015
0.00200
3.00
3.00
10.00
571.02

3.59
74.45
32.68

2.28
31.52

3.36

0.00263

7.67

0.91

4.50

0.88

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

3.59

3.36

0.00200

fi/ft

/et (H:V)
/et (H:V)
ft

fte/s

ft
N \
ft
ft

increase in normal depth
is 0.02ft, still providing
2.41ft freeboard in the
channel

ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
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Existing South Channel

Project Description

Friction Method Manning Formula
Solve For Discharge
Input Data
Roughness Coefficient 0.015
Channel Slope 0.00180  ft/ft
Normal Depth 3.60 ft
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 ft
Results
Discharge 462.92 ft¥/s

1.92 ft2
\lj\llc;vt::iri’aerimeter 6236.?0 f: estimated exigting ﬂOW
Hydraulic Radius 2.37 ft ]POaUSne(;jiﬁchéepSOI?S criteria
Top Width 24.40 ft
Critical Depth 3.24 ft
Critical Slope 0.00270 ft/ft
Velocity 748 ftls
Velocity Head 0.87 ft
Specific Energy 4.47 ft
Froude Number 0.83
Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0
GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 3.60 ft
Critical Depth 3.24 ft
Channel Slope 0.00180 ft/ft

Bentley Systems, Inc. Haestad Methods SoBéitthe@dtitavMaster V8i (SELECTseries 1) [08.11.01.03]
3/27/2018 11:11:15 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Channel with Additional Flow

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.015
0.00180
2.00
2.00
10.00
467.17

3.62
62.33
26.18

2.38
24.47

3.26

0.00269

7.49

0.87

4.49

0.83

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

3.62

3.26

0.00180

fi/ft

/et (H:V)
/et (H:V)
ft

fte/s

ft
W\
ft
ft

increase in normal depth
is 0.02ft, still providing
1.38ft freeboard in the
channel

ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
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APPENDIX C — DETENTION CALCULATIONS

- KROGER AURORA EXPANSION | FINAL DRAINAGE REPORT



5/17/2018

096693000 Associated Grocers of Colorado Filing No.2
Kroger Aurora Expansion
Pond Summary
Pond Contributing | WQCV Volume | 10-year Volume | 100-year Volume | 100-year + 1/2 EURV | Allowable Release | Bottom of | Top of Pond | Pond Depth | 100yr + 1/2
Area (ac) (ac-ft) (ac-ft) (ac-ft) Volume (ac-ft) Rate (cfs) Pond Elev. Elev. (ft) EURV WSE
North 8.75 0.133 0.344 0.641 0.834 5.07 5411.85 5416.40 455 5414.70
South 7.90 0.143 0.428 0.749 0.994 4.58 5415.60 5420.50 4.90 5418.20

K:DEN_Civili096693000_Kroger Aurora Expansion\_Project Files\Eng\Drainage\Calculations\CIA_Kroger Aurora Expansion.xlsx




DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention_v3.07_North xism, Basin

Project:

Basin ID:

.Ml |

N
Vouome| eunv ] woet
€ T

UD-Detention, Version 3.07 (February 2017)

Grogers of Colorado Filing No.2

North Pond

ZoNE 1 An02 e Depth increment =
peRmanenT GRIFCES Gptional Gpional
poo Example Zone Configuration (Retention Pond) Stage - Storage Stage | Ovemide | Length Width Mea | Ovenide | Aves Volume | Volume
Description it Stage (i) i) i) a2y | aca) | (acre) {3) acf)
Required Volume G Top of Micropool — 000 - - - 384 0009
Selected BMP Type =| EDB 54122 - 020 - - - 1,739 0.040 265 0.006
Watershed Area=| 874 |acres Note: L/ WRatio < 1 - 040 - - - 4263 0098 857 0020
Watershed Lengin =] 600 |t L/WRatio= 09 - 060 - - - 7,707 0177 1,953 0045
Watershed Slope =| 0020 _ |t - 080 - - - 10952 | 0251 3910 0090
Watershed Imperviousness =| _4087% _|percent 5413 - 1.00 - - - 14,263 327 6,708 0154
Percentage Hydrologic Soil Group A=[ _ 77.0% _ |percent - 1.20 - - - 15363 | 0353 9,819 0225
Percentage Hydrologic Soil Group B =] 23.0% _|percent - 140 - - - 15824 | 0363 13,024 0299
Percentage Hydrologic Soil Groups C/D = 00% _|percent - 160 - - - 16289 | 0374 16,324 0375
Desired WQCV Drain Time =|___40.0__Jhours - 180 - - - 16760 | 0385 19,719 0453
Location for 1-hr Rainfall Depths = Aurora - Municipal Center 5414 - 2,00 - - - 17,238 0.396 23,211 0.533
Water Quality Capture Volume WQCV) =[ 0133 acre-fest  Optional User Override. - 220 - - - 17,724 | 0.407 26962 0619
Excess Urban Runoff Volume (EURV 0385 |acrefeet  1-hr Precipitation - 240 - - - 18,214 0418 30,674 0.704.
2-yr Runoff Volume (P1=0.87in.)=| 0197 |acre-feet inches - 260 18709 | 0429 34,466 0791
5-yr Runoff Volume (P1= 1.14in.)=| _ 0.276 _|acre-fest inches - 280 - - - 19208 | 0441 38,358 0881
10-yr Runoff Volume (P1=139in)=[ 0371 |acre-feet inches 5415 - 300 - - - 19,712_| 0453 42,351 0972
25-yr Runoff Volume (P1=176in) =] _ 0550 Jacrefest inches - 320 - - - 20,221 0464 46,445 1.066
50-yr Runoff Volume (P1=208in)=] 0735 Jacrefest inches - 340 - - - 20735 | 0476 50,645 1163
100-yr Runoff Volume (P1=242in) <[ 0966 Jacre-feet inches - 360 - - - 21250 | 0488 54,950 1261
500-yr Runoff Volume (P1=3.3in)=] 1556 Jacrefest inches - 380 - - - 2179 | 0500 59,362 1363
Approximate 2-yr Detention Volume =|_ 0.185 __|acre-feet 54164 - 440 - - - 23750 | 0545 73,255 1662
Approximate 5-yr Detention Volume =| _ 0.260 _|acre-feet — — — ~
Approximate 10-yr Detention Volume =| 0344 |acre-feet — — — ~
Approximate 25-yr Detention Volume =| 0459 |acre-feet — — — ~
Approximate 50-yr Detention Volume =| 0535 |acre-feet @? — — — ~
Approsimate 100-yr Detention Volume =[__ 0641 Jacre-feet | 100,r + 1/2 EURV= 0.834 ac-f | — — — —
tage-Storage C: ~
Zone 1Volume WQCY) <[ 0133 |acrefeet — — — —
Zone 2 Volume (EURV - Zone 1) =[ 0253 acre-feet — — — ~
Zone 3 Volume (100-year- Zones 1&2) = 0255 |acrefoet — — — ~
Total Detention Basin Volume =| 0641 [acre-feet — — — ~
Initial Surcharge Volume (8V) =) user | - ~ ~ =
Initial Surcharge Depth (SD)=| __user g — — — ~
Total Available Detention Depth (Hygai) =| user It - — — —
Depth of Trickle Channel (M) wser  n ~ ~ = =
Slope of Trickle Channel (Sic) =] __user _Jwm — — — ~
Slopes of Main Basin Sides (Snam) =|__user |y — — — ~
Basin Length-to-Width Ratio (R /) =|___user — — — ~
Initial Surcharge Area (A, user | - ~ ~ =
Surcharge Volume Length (Lig) =|__user | ~
Surcharge Volume Width (Wig) o{___user g — — — ~
Depth of Basin Floor (Moo | user g - ~ ~ =
Length of Basin Floor (L oor) 3 user g — — ~ =
Width of Basin Floor (W00 =] user g - ~ ~ =
Area of Basin Floor (Ajond =|__user | — — — ~
Volume of Basin Floor (V; oor) =} user s - — — —
Depth of Main Basin (Hyu) =} user g — — ~ =
Length of Main Basin (Lyn) 3| user g — — ~ =
Width of Main Basin (W) 5| user g — — ~ =
Area of Main Basin (Awun) J|__user e — — — ~
Volume of Main Basin (Vur) ={  user g - — — =
Calculated Total Basin Volume (Vi) = user  |acre-feet —

5/16/2018, 8:22 AM



Detention Basin Outlet Structure Design

Project:
Basin ID:

UD-Detention, Version 3.07 (February 2017)

Calculated Parameters for Underdrain

:l: Stage (ft) Zone Volume (ac-ft) Outlet Type
100-YR L
vouwe) euev | voct ; Zone 1 (WQCV) 093 0133 Orifice Plate
' 100-YEAR Zone 2 (EURV) 1.62 0.253 Orifice Plate
ZONE 1 AND2 ORIFiCE
PERMANENT- ORIFICES. ‘one 3 {100-year) 2.26 0.255 Weir&Pipe (Restrict)
oot Example Zone Configuration (Retention Pond) 0681 Total
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP)
Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area =

Underdrain Orifice Diameter = N/A

inches

N/A

2

ki

Underdrain Orifice Centroid = feet

User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP)

inches

Invert of Lowest Orifice = 0.00

Depth at top of Zone using Orifice Plate = 1.70
Orifice Plate: Orifice Vertical Spacing = 8.10
Orifice Plate: Orifice Area per Row = 1.31

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

ft (relative to basin bottom at Stage = 0 ft)
ft (relative to basin bottom at Stage = 0 ft)

sq. inches (diameter = 1-1/4 inches)

Calculated Parameters for Plate

WQ Orifice Area per Row =
Elliptical Half-Width =
Elliptical Slot Centroid =
Elliptical Slot Area =

2

9.097E-03 ft
N/A feet
N/A feet
N/A lis

Row 1 (required) Row 2 (optional)

Row 3 (optional)

Row 4 (optional)

Row 5 (optional) Row 6 (optional)

Row 7 (optional)

Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00
Orifice Area (sg. inches) 1.31

Stage of Orifice Centroid (ft)
Orifice Area (sg. inches)

0.57

1.13

1.31

1.31

Row 9 (optional)

Row 10 (optional)

Row 11 (optional)

Row 12 (optional)

Row 13 (optional) | Row 14 (optional)

Row 15 (optional)

Row 16 (optional)

User Input: Vertical Orifice (Circular or Rectangular)

Not Selected

Not Selected

Calculated

Parameters for Vertical Orifice

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 ft?

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) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 1.70 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = 1.70 N/A feet
Overflow Weir Front Edge Length = 3.00 N/A feet Qver Flow Weir Slope Length = 2.75 N/A feet
Overflow Weir Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 8.68 N/A should be >4
Horiz. Length of Weir Sides = 2.75 N/A feet Overflow Grate Open Area w/o Debris = 5.78 N/A 2
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 2.89 N/A 2
Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Ci

ircular 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 2
Qutlet Pipe Diameter = 15.00 N/A inches Qutlet 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: Spillway (| orTi ) Calculated Parameters for Spillway
Spillway Invert Stage= 2.30 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.81 feet
Spillway Crest Length = 7.00 feet Stage at Top of Freeboard = 4,11 feet
Spillway End Slopes = 4,00 H:V Basin Area at Top of Freeboard = 0.53 acres
Freeboard above Max Water Surface = 1.00 feet
Routed Hydrograph Results
Design Storm Return Period =| waQcv EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) =| 0.53 1.07 0.87 1.14 1.39 1.76 2.08 2.42 3.30
Calculated Runoff Volume (acre-ft) = 0.133 0.386 0.197 0.276 0.371 0.550 0.735 0.966 1.556
OPTIONAL Override Runoff Volume (acre-ft) =
Inflow Hydrograph Volume (acre-ft) =| 0.132 0.386 0.197 0.275 0.371 0.549 0.735 0.966 1.556
Predevelopment Unit Peak Flow, q (cfs/acre) =| 0.00 0.00 0.00 0.01 0.06 0.20 0.44 0.82 1.71
Predevelopment Peak Q (cfs) = 0.0 0.0 0.0 0.1 0.5 1.7 3.9 7.2 14.9
Peak Inflow Q (cfs) =| 2.8 8.1 4.2 5.8 7.8 11.5 15.3 20.1 32.2
Peak Outflow Q (cfs) = 0.1 0.1 0.1 0.1 0.1 1.6 4.1 5.0 15.2
Ratio Peak Outflow to Predevelopment Q =| N/A N/A N/A 1.4 0.2 0.9 1.1 0.7 1.0
Structure Controlling Flow =| Plate Plate Plate Plate Plate Overflow Grate 1 Outlet Plate 1 Spillway Spillway
Max Velocity through Grate 1 (fps) =| N/A N/A N/A N/A N/A 0.2 0.7 0.8 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) =| 37 65 47 55 64 68 65 63 57
Time to Drain 99% of Inflow Volume (hours) =| 40 69 50 59 68 74 73 72 69
Maximum Ponding Depth (ft) = 0.90 1.58 1.08 1.29 1.54 1.85 2.04 2.37 2.83
Area at Maximum Ponding Depth (acres) =| 0.32 0.38 0.36 0.37 0.38 0.40 0.41 0.43 0.45
Maximum Volume Stored (acre-ft) =| 0.124 0.367 0.186 0.262 0.356 0.473 0.549 0.691 0.894




Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
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Job No. 096693000 Kroger Expansion
Aurora, Colorado

North Pond Spillway Design
utilize a sharp-crest weir to determine spillway dimensions

Sharp-Crested Weir Equations

Qspiltway Alowed = CSCW*L*H1'5

Qspilway Design = Discharge (cfs) = 2 X Qyqg for Total

Cscw = 3.27+0.4(H/H;) = Coefficient

L = Horizontal weir length

H = Head above weir crest

Hc = Inv of pond - Inv of Spillway = Height of weir crest above channel bottom

Input Information
Inv of pond = 5411.85
Inv of spillway = 5414.70

Weir Design Information

Qio0 2010 cfs
Qspilway design 40.20 cfs
Qspiltway Alowed 4133 cfs

Cscw 3.34

L 35 ft
H 050 ft
He 285 ft

Results: Utilize a 35’ long sharp crested weir as spillway

Top of Bank 5416.40
Elev @ Crest of Flow 5415.20
H of flow over spillway 0.50 ft

Freeboard 1.20 ft

5/16/2018
10:37 AM
Calculated By: SAM



DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention_v3.07_South xism, Basin

Project:

UD-Detention, Version 3.07 (February 2017)

Grogers of Colorado Filing No.2

Basin ID: South Pond

.Ml |

N
Vouome| eunv ] woet
€ T

vean
oRiFicE

Depth increment =}

penuavEnT nrces Gptional Gptional
poor Example Zone Configuration (Retention Pond) Stage - Storage Stage | Overide | Length Widih Area Overide Area Volume | Volume
Description it Stage (i) i) i) (v2) | aeao) | (acre) v3) (acft)
Required Volume G Top of Micropool — 000 - - - 1,085 0024
Selected BMP Type =| EDB - 0.20 - - - 3,330 0.076 406 0.009
Watershed Area=| 790 |acres 5416 - 040 - - - 6,508 0.149 1,358 0031
Watershed Lengin=| 800 |t - 060 - - - 10539 | 0242 3,022 0069
Watershed Slope =] _ 0015 |t - 080 - - - 15169 | 0348 5,547 0127
Watershed Imperviousness =| __5377% _|percent - 1.00 - - - 20128 | 0462 9,027 0207
Percentage Hydrologic Soil Group A =| 77.0% [percent - 1.20 - - - 22,239 0511 13,242 0.304
Percentage Hydrologic Soil Group B =] 23.0% _|percent 5417 - 140 - - - 22782 | 0523 17,738 0407
Percentage Hydrologic Soil Groups C/D = 00% _|percent - 160 - - - 23329 | 0536 22,344 0513
Desired WQCV Drain Tme={__ 400 Jhours - 180 - - - 23,881 0548 27,060 0621
Location for 1-hr Rainfall Depths = Aurora - Municipal Center - 200 - - - 24437 | 0561 31,886 0732
Water Quality Capture Volume (WQCV) =[  0.143 acrefeet  Optional User Override - 220 - - - 2409% | 0574 37.073 0851
Excess Urban Runoff Volume (EURV 0490 |acre-feet  1-hr Precipitation 5418 - 240 - - - 25,562 0587 42,129 0.967
2-yr Runoff Volume (P1=087in)=[ 0253 acre-feet inches - 260 26132 | 0600 47,298 1.085
5-yr Runoff Volume (P1= 1.141n.) =] 0.351__|acre-feet inches - 280 - - - 26709 | 0613 52,583 1.207
10-yr Runoff Volume (P1=139in)=| 0459 lacre-feet inches - 300 - - - 27,291 0627 57,983 1331
25-yr Runoff Volume (P1=176in) =] _ 0646 Jacrefest inches - 320 - - - 27882 | 0640 63,500 1458
50-yr Runoff Volume (P1=208in)=] 0828 Jacrefest inches 5419 - 340 - - - 28482 | 0654 69,136 1587
100-yr Runoff Volume (P1=242in.) =] 1046 |acre-feet inches - 360 - - - 29090 | 0668 74,893 1719
500-yr Runoff Volume (P1=3.3in)=] 1601 Jacrefest inches - 380 - - - 29705 | 0682 80,773 1854
Approximate 2-yr Detention Volume =| 0239 |acre-feet - 400 - - - 30327 | 069 86,776 1.992
Approximate 5-yr Detention Volume =| _ 0.331__|acre-feet - 420 - - - 30955 | 0711 92,904 2133
Approximate 10-yr Detention Volume =| 0428 |acre-feet 5420 - 440 - - - 3159 | 0725 99,159 2276
Approximate 25-yr Detention Volume =| 0,562 |acre-feet - 460 - - - 32233 | 0740 | 105541 | 2423
Approximate 50-yr Detention Volume =| 0647 |acre-feet - 480 - - - 32885 | 0755 | 112053 | 2572
Approximate 100-yr Detention Volume =|__0.749 _Jacre-feet 5420.5 - 490 - - - 33248 | 0763 | 115360 | 2648
Total Pond Volume Required - - - -
tage-Storage C: 100yr + 1/2 EURV= 0.994 ac-ft -
Zone 1Volume WQCY) [ 0143 acre-teet - - - -
Zone 2 Volume (EURV -Zore 1) =) 0347 |acrefest - - - -
Zone 3 Volume (100-year - Zones 1&2) =] 0259 Jacrofoet - - - -
Total Detention Basin Volume =| 0749 Jacre-feet - - - -
Inifial Surcharge Volume (ISV) =| user s — — — —
nitial Surcharge Depth (ISD) [ _user g - - - -
Total Available Detention Depth (Hyqr) =| user It - - - -
Depth of Trickle Channel (Hr) user it - - - -
Slope of Trickle Channel (Si)=] __user _ Jwmt - - - -
Slopes of Main Basin Sides (Sman) =|__user [y - - - -
Basin Length-to-Width Ratio (R ) =| user — — — —
Initial Surcharge Area (A, user | — — ~ ~
Surcharge Volume Length (Lig,) =] user It -
Surcharge Volume Width (W) =} user It - - - -
Depth of Basin Floor (Hy gou) =} user It — — — —
Length of Basin Floor (L gor) 3 user g — — — —
Width of Basin Floor (W, oo user g — — — —
Area of Basin Floor (Ao =] user  fio — _ _ —
Volume of Basin Floor (Voo =] user  firg — _ _ —
Depth of Main Basin (Hy) 3] user g — — — —
Length of Main Basin (Ly.u) =] user g — — — —
Width of Main Basin (Wy,u) =] user g — — — —
Area of Main Basin (Ay) 3 user | — — — —
Volume of Main Basin (Vi) =} user  |as — — — —
Calculated Total Basin Volume (Vi) =] user acre-feet - -

5/16/2018, 8:23 AM



Detention Basin Outlet Structure Design
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Project:
BasiniD:
203
(o
00
R 1
YOLME] A} ooy se 1(wacv)
ne 2 (EURV)
200 1027
PN —’ ORFCES 3 (100-year)
POOL Example Zone Configuration (Retenton

User Input: Orifice at Underdrain Outlet {typically used to drain WQCV in aFiltration BMP}

Underdrain Orifice Invert Depth =| N/A

underdrain Orifice Diameter =| N/A inches

ft (distan ce below thefltration mediasurface)

Stage (ft) ne Volume (ac  Outlet Type
084 0.143 Orfice Pate
155 0347 Onifice Plate
202 0259 [weirkpipe (Resticy

0.749 Totd

Calculated Parameters for Underdrain

Underdrain OrificeArea N/A ft*

Underdrain OrificeCentroid =| N/A feet

User Input: Orifice Plate with one or more orifices or Hliptical Slot Weir (typicallyused to drain WQCV and/or EURV in asedime nCalariBed Parameters for Plate

Invert of Lowest Orifice= 0.00 ft (relativeto basin bottom at Stage=0 ft) wQorificeAreaper Row =| 1.118E:02 |ft
Depth at top of ZoneusingOrificePlate= 160 ft (relativeto basin bottom at Stage=0 ft) Hliptical Half-Width =| N/A feet
Orifice Plate: Orifice Vertical Spacing = 800 inches Eliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = 161 sq.inches (diameter =1-7/16 inches) Elliptical Slot Area= n/A t
User Input: Stage and Total
Row 1 (required) | Row 2 optional) | Row 3 optionel) | Row 4 opiionai) | Row 5 optional) | Row 6 optional) | Row 7 opionai) | Row & ptionaly
Stage of Orifice Gentoid () 000 053 1.07
Orifice Area (sq. nches) 161 161 161
Raw 9 (optional) | Row 10 (optional) | Row 11 (optional) | Row 12 (eptional) | Row 13 (aptional) | Row 14 (optional) | Row 15 (optional) | Row 16 optional)
Stage of Oriice Centroid ()
Orifice Area (sq. nches)
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 (relativeto basin bottom at Stage=0 ft) Vertical Orifice Area= N/A N/A ft2
2pth at top of Zoneusing Vertical Orifice= N/A /A ft (rdlativeto basin bottom at Stage=0 fhirtical Orifice Centroid = N/A N/A feat
Vertical Orifice Diameter = N/A N/A inches
at: Overflow Weir {Dropbox) and Grate {Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir | Not Selected Zone 3 Weir | Not Selected
Overflow Weir Front Edge Height, Ho = 160 /A 1 (rlative to basin battom at Stage = 0 ) Helght of Grate Upper Edge, H, = 160 N/A feet
Overflow Weir Front EdgeLength = 333 N/A feet Over Flow Weir SlopeLength = 275 N/A feat
Overflow Weir Slope = 0.00 N/A HV (enter zero for flat gratijate Open Area/100-yr Orifice Area=| 9.07 N/A should be24
Horz. Length of Weir Sides = 275 /A feat Overflow Grate Open Areaw/o Debris = 641 /A £t
Overflow Grate Open Area% = 70% N/A %, grateopen area/total are@verflow GrateOpen Areaw,/ Debris = 321 N/A fit?
50% N/A %
User Input: Outlet Pipe w/ Flow Plate {Circular Orifice, Restrictor Plate, or Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Restrictd Not Selected Zone 3 Restrictd Not Selected
Depth to Invert of Outlet Pipe= 0.00 /A 1 (distance below basin bottor at Stage = 04 Outlet OrificeAreas 071 /A £t
Outlet PipeDiameter =|  15.00 N/A inches Outlet OrificeCentroid =| 040 N/A feet
Restrictor PlateHeight Above Pipelnvert = 840 inches Half-Central Angleof Restrictor Plateon Pipe= 169 N/A radians
i i ( or Cakulated Parameters for Spillway
Spillway Invert Stage= 260 ft (relativeto basin bottom at Stage=0 ft) Spillway Design Flow Depth= 049 feet
spilwayCrest Length =] 1500 [feet Stageat Top of Fresboard = 209 feet
Spillway End Slopes = 4.00 HV Basin Areaat Top of Freshoard = 070 acres
Freeboard above Max Water Surface = 1.00 feet
Routed Hydrograph Results
Design StarmRetum Peiod 4| WacV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rairfall Depth () 053 107 0.87 114 139 176 208 242 330
Calculated Runoff Volume @ere ) {[ 0.143 0.490 0253 0351 0459 0646 0828 1.046 1601
OPTIONAL Overide Runoff Volume (acre-t)
Inflow Hydrograph Volume (ecre) | 0142 0.489 0253 0350 0459 0646 0827 1.045 1600
P redevelopment Unit Pezk Flow, g cis/acre) 000 0.00 0.00 001 004 0.15 033 061 128
Predevelopment Pezk Q (cfs) 00 0.0 0.0 01 03 12 26 48 10.1
Pesk Inflow Q (efs) 24 8.0 42 5.7 75 105 134 169 257
Peak Outflow Q (efs) 01 02 0.1 01 01 10 33 44 6.2
Ratio Peak Outflow to Predevelopment O N/A N/A N/A 28 04 09 13 09 06
Structure Gontrolling Flow Plate Plate Plate Plate Plate  Pverflow Grate Ibverflow Gratel] Outlet Platel | Spillway
Max Velacity though Grete 1 (fs) N/A N/A N/A N/A N/A 01 05 06 08
Max Velacity thiough Grete 2 (fs) 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 (rours) 37 68 50 59 66 72 70 68 63
Time to Drain 98% of nflow Volume (rours) a0 73 54 63 71 78 77 76 75
Maxitoum Ponding Deplh (1 080 150 1.06 124 145 170 184 203 268
‘Area al Maximum P onding Depth (acres) 035 053 0.47 051 053 054 055 056 0.60
Maimum Volume Stored acre) 4| 0.131 0.465 0235 0330 0433 0572 0649 0754 1128
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Job No. 096693000 Kroger Expansion
Aurora, Colorado

South Pond Spillway Design
utilize a sharp-crest weir to determine spillway dimensions

Sharp-Crested Weir Equations

Qspitway Aloved = CSCW*L*H1'5

Qspilway Design = Discharge (cfs) = 2 X Qyo0 for Total

Cscw = 3.27+0.4(H/H;) = Coefficient

L = Horizontal weir length

H = Head above weir crest

Hc = Inv of pond - Inv of Spillway = Height of weir crest above channel bottom

Input Information
Inv of pond = 5415.60
Inv of spillway = 5418.20

Weir Design Information

Qio0 16.90 cfs
Qspilway design 3380 cfs
Qspitway Alowed 34.24  cfs

Cscw 3.42

L 10.00 ft
H 1.00 ft
He 260 ft

Results: Utilize a 10° long sharp crested weir as spillway

Top of Bank 5420.50
Elev @ Crest of Flow 5419.20
H of flow over spillway 1.00 ft

Freeboard 1.30 ft

5/16/2018
10:40 AM
Calculated By: SAM
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GENERAL NOTES:

1. ALL STORM SEWER SHALL BE PRIVATE UNLESS
OTHERWISE NOTED AND IS SIZED TO CONVEY THE
100YR EVENT. PRIVATE STORM SEWER TO BE
MANTAINED BY THE OWNER. PUBLIC STORM SEWER TO
BE MAINTAINED BY THE CITY OF AURORA.

3. UNLESS THE OWNER/DEVELOPER WANTS AND OR
NEEDS AN ELEVATION GERTIFIGATE FOR THEIR OWN
PLRROSES, THE CITY OF AURORA IS NOT REQUIRING
ONE. SHOULD ONE BE GENERATED, A COPY OF IT
SHALL BE SUBMITTED TO THE CITY OF AURORA FOR
INFORMATIONAL AND RECORD PURPOSES.

PROJECT BENCHMARK

CITY OF AURORA BM 3S6633SE004 — 3" DIAMETER

BRASS CAP AT THE NORTHWEST CORNER OF COLFAX &

TOWER RD. ELEVATION: 5436.196 FEET (NAVD 1988

DATUM). THE CONTOURS SHOWN HEREON ARE AT ONE

(1) FOOT INTERVALS.

CITY OF AURORA GENERAL NOTE

GITY OF AURORA PLAN REVIEW IS ONLY FOR GENERAL

THE ACCURACY AND ADEQUACY OF THE DESIGN, OF
OIMENSIONS AND ELEVATIONS WHICH SHALL BE
CONFIRMED AND CORRELATED AT THE JOB SITE. THE
G TY OF AURORA. THROUGH THE APPROVAL OF THIS
DOCUMENT, ASSUMES NO RESPONSIBILITY FOR THE
COMPLETENESS AND/OR ACCURACY OF THIS DOCUMENT.

APPROVED FOR ONE YEAR FROM THIS DATE

DATE |APFR]

BY

REVISION

[o]

Kimley»Horn

4582 South Ulster Street, Suite 1500
Denver, Colorado 80237 (303) 228-2300

CHECKED BY: RUP
06/06,/18
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REVISED OCTOBER 26, 1982
REVISED NOVEMBER 3, 1982

PREPARED FOR: OPUS CORPORATION
800 OPUS CENTER
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FINAL DRAINAGE REPORT &

GRADING PLAN FOR
ASSOCIATED GROCERS OF COLORADO
WAREHOUSE

LOCATION:
The site is bounded on the North by the extension of East

Montview Blvd., on the East by Tower Road, on the South by

the extension of E. 17th Avenue and on the West by Sand Creek.

777777777 |
///SITE 7 2
0 ////’f’ W)
vy (o
T
\ omsre s iR}
iy, QM

-

—‘L‘E@fﬁx AVENUE _

p—
AN

VICINITY MAP

t°:1000°

2. EXISTING DRAINAGE:
The site generally drains from southeast to northwest, eventually

discharging into Sand Creek.



The swale along the south property line in Area M is sized
for the 100-year storm. No off-site flow is considered to
be tributary to this swale as the topography along this
property line falls off to the south up to a point west of
Design Point 1{}5 . Thus, this off-site area is tributary
to- the channel but not to the swale in Area M. The typical
section for the swale appears on the Final Drainage Plan,
and its capacity is as follows:

Q- A 1.48 RY/3s*

n

Q = 11.75 x 1.486 x 0.74%/3 x 0,015"

Q = 29.1 CFS > 21.9 CFS = Q100 @d=1.5'

Q= 13.2 CFS& 13.9 CFS = Q,, @ d = 1.0'
The final area not discussed in off-site Area B. The his-
toric runoff from this area is directly contributory to the
channel. The Time of Concentration was calculated as follows:

Total D = 1250 feet

Overlot D = 200 feet, C = 0.2, $ = 0.5%

tc = 1.8 (1.1 - 0.2) V250
0.25
tC = 32.3 min.

Swale D = 1000 feet, v = 1 FPS

tc = 16,7 min,

Total tC = 49,0 min,, say 50 min,

Finally, the concrete channel typical section is shown
on the Final Drainage Plan. It is anticipated that the

100-year storm will remain in the concrete channel with

at least 1% feet of freeboard. Erosion control at Sand

. -
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TOWER CENTER FOR

FILING NO. 1,2,&3
CONSTRUCTION PLANS

OWNER /DEVELOPER

STEARNS - ROGER CORPORATION |

DRAWING INDEX
SHEET NO. DESCRIPTION SSY
| - COVER SHEET
2~ HIGHLINE CANAL CROSSING PLAN
3 -4 —  HIGHLINE CANAL RELOCATION AND DETAILS
5 -9 ~ DRAINAGE CHANNEL PLAN AND PROFILE )
10 - DRAINAGE CHANNEL DETAILS SMITH g, =
Il - TYPICAL STREET SECTIONS
12 -15 — TOWER ROAD PLAN AND PROFILES o \ ﬁLACE
16 -20 — SMITH ROAD PLAN AND PROFILES g
21-24 — EAST 22nd AVENUE PLAN AND PROFILES g s CREE\Kj" :
25-27 — EAST 23rd AVENUE PLAN AND PROFILES ] IR
28-30 — EAST 24th DRIVE PLAN AND PROFILES g | \ LEAST BRANGH
31 -33 - EAST 25th DRIVE PLAN AND PROFILES —RIGHLINE  CANAL
34-36  — URAVAN STREET PLAN AND PROFILES
37-38 -~ RIFLE STREET PLAN AND PROFILES COLFAX NVE. R
39-43 ~ CURB RETURN PROFILES al
44-46 - OVERALL GRADING PLANS &
47-49 —  OVERALL UTILITY PLANS 2
50-52 — SMITH ROAD WATER AND SANITARY SEWER PLAN AND PROFILES E
53-55 — EAST 22nd AVENUE WATERAND SANITARY SEWER PLAN AND PROFILES o
56-57 — EAST 23rd AVENUE WATER AND SANITARY SEWER PLAN AND PROFILES |
58-50 ~— EAST24th DRIVE WATER AND SANITARY SEWER PLAN AND PROFILES |
60-63 ~ EAST 25th DRIVE WATER AND SANITARY SEWER PLAN AND PROFILES | .
64-65 — URAVAN STREET WATER AND SANITARY SEWER PLAN AND PROFILES |
66-68 ~— RIFLE STREET WATER AND SANITARY SEWER PLAN AND PROFILES VICINITY MAP

INDUSTRY

ENGINEERS
STEARNS - ROGER ARCHITECTS LTD.

NOTES

I CITY OF AURORA PLAN REVIEW IS ONLY FOR GENERAL CONFORMANCE WITH CITY OF AURORA
DESIGN CRITERIA AND THE CITY CODE. THE CITY IS NOT RESPONSIBLE FOR THE ACCURACY AND
ADEQUACY OF THE DESIGN, OF DIMENSIONS, AND ELEVATIONS WHICH SHALL BE CONFIRMED AND
CORRELATED AT THE JOB SITE. THE CITY OF AURORA THROUGH THE APPROVAL OF THIS DOCUMENT
ASSUMES NO RESPONSIBILITY OTHER THAN AS STATED ABOVE FOR THE ‘COMPLETENESS AND/OR
ACCURACY OF THIS DOCUMENT.

2.ALL ROADWAY CONSTRUCTION SHALL CONFORM TO CITY OF AURORA ROADWAY DESIGN STANDARDS
AND SPECIFICATIONS, DATED MARCH (98I

3.ALL SANITARY SEWER CONSTRUCTION SHALL CONFORM TO CITY OF AURORA SANITARY SEWER
DESIGN STANDARDS AND SPECIFICATIONS, DATED JUNE I977.

4.ALL STORM DRAINAGE CONSTRUCTION SHALL CONFORM TO CITY OF AURORA STORM SEWER
CONSTRUCTION STANDARDS AND SPECIFICATIONS, DATED MAY (973

5.ALL WATER DISTRIBUTION CONSTRUCTION SHALL CONFORM TO CITY OF AURORA WATER
DISTRIBUTION DESIGN STANDARDS AND SPECIFICATIONS, DATED AUGUST 1977.

6.ALL MATERIALS AND WORKMANSHIP SHALL BE SUBJECT TO INSPECTION BY THE CITY OF AURORA.
THE CITY OF AURORA RESERVES THE RIGHT TO ACCEPT OR REJECT ANY SUCH MATERIALS AND
WORKMANSHIP THAT DOES NOT CONFORM TO CITY OF AURORA STANDARDS AND SPECIFICATIONS.

7.THE CONTRACTOR SHALL NOTIFY THE CITY OF AURORA PUBLIC IMPROVEMENT INSPECTION
SECTION, 6957504, TWENTY- FOUR (24) HOURS PRIOR TO THE BEGINNING OF CONSTRUCTION.

8.LOCATION OF EXISTING UTILITIES SHALL BE VERIFIED BY THE CONTRACTOR PRIOR TO ACTUAL
CONSTRUCTION. FOR INFORMATION CONTACT:  DENVER INTER—UTILITY GROUP,
534-6700.

9.THE CONTRACTOR SHALL HAVE ONE (1) SIGNED COPY OF THE PLANS (APPROVED BY THE CITY OF
AAURORA) AND ONE (1) COPY OF THE APPROPRIATE DESIGN AND CONSTRUCTION STANDARDS AND
SPECIFICATIONS AT THE JOB SITE AT ALL TIMES

10. CONCRETE SHALL NOT BE PLACED UNTIL THE FORMS HAVE BEEN INSPECTED AND A POUR SLIP ISSUED.
POUR SLIPS WILL NOT BE ISSUED UNLESS THE CONTRACTOR HAS, AT THE JOB SITE A COPY OF THE
APPROVED PLANS BEARING THE SIGNATURE OF THE DIRECTOR OF PUBLIC WORKS AND WITHTHE
"APPROVED FOR CURBAND GUTTER ONLY" BLOCK INITIALED BY THE DIRECTOR OF PUBLIC WORKS'
REPRESENTATIVE.

1I. PAVING SHALLNOT START UNTIL A SOILREPORT AND PAVEMENT DESIGN IS APPROVED BY THE CITY
ENGINEER AND SUBGRADE COMPACTION TESTS ARE TAKEN AND APPROVED BY THE CITY ENGINEER.

12.ALL STATIONING IS BASED ON CENTERLINE OF ROADWAYS UNLESS OTHERWISE NOTED.

13.ALL ELEVATIONS ARE CENTERLINE UNLESS OTHERWISE NOTED.

14. COMPLY WITH STEARNS-ROGER SUPPLEMENTAL CONSTRUCTION SPECIFICATIONS ALONG WITH
THE CITY OF AURORA'S CONSTRUCTION SPECIFICATIONS.

15, THE CONTRACTOR SHALL NOTIFY "COLORADO INTERSTATE GAS" PRIOR TO BEGINNING
CONSTRUCTION, (364 - 2631).

6. STANDARD CITY OF AURORA HANDICAP RAMPS ARE TO BE CONSTRUCTED AT ALL CURB

RETURNS AND AT ALL"“T" INTERSECTIONS. .

APPROVED Fiims YEAR FROM THIS DATE
Tl bovsae, 12-23- 9/,
Director of Public Worky’ Date

J e : v 122/02/81
sPlanning and Trbttic Engineer Date
L) 2Lyl

Dirax ifities Date
’7@”{ éﬁ:«f _ /r2387
| Fire Department Date
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