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ENGINEER’S STATEMENT

I affirm that this report and plan for the Final drainage design for King Soopers Fuel #30 was prepared by
me (or under my direct supervision) in accordance with the provisions of the City of Aurora Storm Drainage
and Technical Criteria Manual for the owners thereof.  I understand that the City of Aurora does not and
will not assume liability for drainage facilities designed by others.

Jessica Greenough, PE 53368 Date
For and on behalf of Galloway & Company, Inc.

DEVELOPER’S CERTIFICATION

“KRF Idaho, LLC hereby certifies that the drainage facilities for King Soopers Fuel #30 shall be constructed
according to the design presented in this report. I understand that the City of Aurora does not and will not
assume liability for the drainage facilities designed and/or certified by my engineer and that the City of
Aurora reviews drainage plans pursuant to the Municipal Code; but cannot, on behalf of KRF Idaho, LLC,
guarantee that final drainage design review will absolve KRF Idaho, LLC and/or their successors and/or
assigns of future liability for improper design.”

Authorized Signature Date
KRF Idaho, LLC
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I. Introduction
Location
The King Soopers fuel site is located at 1369 South Havana Street in Aurora, Colorado at the northwest
corner of South Havana Street and East Idaho Place.  The site is more specifically located at Lot 1, Block
1, First National Bank of Aurora Subdivision Filing No. 1.  The site is contained within the northeast quarter
of Section 22, Township 4 South, Range 67 West of the 6th Principal Meridian, City of Aurora, County of
Arapahoe, State of Colorado.  The site consists of one parcel. It is rectangular in shape. The parcel currently
contains 10 ATMs and a bank.  The site is bounded by South Havana Street to the east, East Idaho Place
to the south, an existing KS Auto Repair and Body shop owned by Mayad LLC to the west, and an existing
Shortline Collision Center owned by Hicks Properties 1301 LLC to the north.

Description of Property
The project site consists of approximately 1.01 acres of asphalt paving, landscaping, building, and canopy.
The existing ground generally slope from southeast to northwest, with slopes ranging from 0.5% to 8%.

The NRCS Web Soil Survey of Arapahoe County, Colorado indicates site soils to be 100% Bijou sandy
loam, wet, 0 to 3 percent slopes, hydrologic soil group A. Refer to Appendix D for soil survey information.

A review of the Flood Insurance Rate Map (FIRM) by the Federal Agency Management Agency (FEMA)
panel 08005C0178K, shows the entire proposed development within an area of minimal flood hazard.
(Reference Appendix A). D

Drainage Studies Relevant to the Site
Existing drainage studies applicable to the site include the approved First National Bank of Aurora Filings
One and Two Final Drainage Study prepared by J. W. Williams & Associates, Inc. and approved February
3, 1982 (Approved Drainage Study).  Excerpts from this report are included in Appendix D for reference.



II. Drainage Basins and Sub-Basins
Existing Basin Description
The project site and the existing site to the west were designed as a self-contained watershed per the
Approved Drainage Study. This self-contained watershed consists of one (1) major basin which is contains
approximately 1.01 acres of commercial area.  The basin comprises the entire site and drains northwest to
an existing regional retention pond.  There are no existing detention or water quality facilities located on the
project site.  The proposed development will remain tributary to the existing regional retention pond and on-
site water quality features will be designed to provide pre-treatment for site runoff.

Proposed Sub-Basin Descriptions
The proposed drainage plan for the site consists of xx major drainage basins (1.01 acres).  The three 100-
series basins consist of stormwater runoff from Lot 1 that is routed to proposed on-site water quality features
prior to draining to the existing regional retention pond.  The one 200-series basin consist of stormwater
runoff from Lot 1 that drains to the existing regional retention pond without pre-treatment from on-site water
quality.  The one 300-series basin consists of offsite stormwater runoff that drains to the existing regional
retention pond.  This area was included for the weir calculation under the existing fence.  The two 400-
series basins consist of drainage from small areas along S. Havana Street and E. Idaho Place that are free
released into the roadways.

Basin 102 (0.12 acres) is located in the central portion of the site.  It consists of landscaping and concrete
and asphalt pavement.  Runoff from Basin 102 will flow to grass swale GS-1 (Design Point 1).  From there
runoff will flow under the existing fence near the northwest corner of the site (Design Point 4) and west to
the existing regional detention pond.  The overall composite imperviousness of this basin is 52.8% with
composite coefficients of 0.76 and 0.81 in the 2- and 100-year storm events, respectively.  Total runoff from
this basin is 0.3 cfs and 0.7 cfs in the 2- and 100-year storm events, respectively.

Basin 104 (0.33 acres) is located on the east side of the site.  It consists of roof area, concrete and asphalt
pavement, and landscaping.  Runoff from Basin 104 will flow to grass swale GS-2 (Design Point 2).  From
there runoff will flow under the existing fence near the northwest corner of the site (Design Point 4) and
west to the existing regional detention pond.  The overall composite imperviousness of this basin is 45.5%
with composite coefficients of 0.82 and 0.86 in the 2- and 100-year storm events, respectively.  Total runoff
from this basin is 0.9 cfs and 2.4 cfs in the 2- and 100-year storm events, respectively.

Basin 106 (0.18 acres) is located in the northern central portion of the site.  It consists of roof area, concrete
and asphalt pavement, and landscaping.  Runoff from Basin 106 will flow to grass swale GS-3, where it will
combine with flows from grass swale GS-2 (Design Point 3).  From there runoff will flow under the existing
fence near the northwest corner of the site (Design Point 4) and west to the existing regional detention
pond.  The overall composite imperviousness of this basin is 72.3% with composite coefficients of 0.74 and
0.87 in the 2- and 100-year storm events, respectively.  Total runoff from this basin is 0.5 cfs and 1.4 cfs in
the 2- and 100-year storm events, respectively.

Basin 202 (0.32 acres) is located on the west side of the site.  It consists of roof area, concrete and asphalt
pavement, and landscaping.  Runoff from Basin 202 will be conveyed via sheet flow and existing curb and
gutter to the existing fence near the northwest corner of the site (Design Point 4).  From there runoff will
flow west to the existing regional detention pond.  The overall composite imperviousness of this basin is
92.5% with composite coefficients of 0.83 and 0.88 in the 2- and 100-year storm events, respectively.  Total
runoff from this basin is 0.9 cfs and 2.5 cfs in the 2- and 100-year storm events, respectively.



Basin 302 (0.05 acres) Is located west of the site and consists of offsite area within the shared access drive.
It consists of asphalt drive lane.  Runoff from Basin 302 will be conveyed via existing curb and gutter to the
existing fence near the northwest corner of the site (Design Point 4).  From there runoff will flow west to the
existing regional retention pond.  The overall composite imperviousness of this basin is 100% with
composite coefficients of 0.87 and 0.93 in the 2- and 100-year storm events, respectively.  Total runoff from
this basin is 0.1 cfs and 0.4 cfs in the 2- and 100-year storm events, respectively.

Basin 402 (0.03 acres) is located on the east side of the site.  It consists of sidewalk and landscaping.
Runoff from Basin 402 will free release east to the S. Havana Street right-of-way.  From there runoff is
ultimately routed to existing City of Aurora storm infrastructure.  The overall composite imperviousness of
this basin is 32.8% with composite coefficients of 0.29 in both the 2- and 100-year storm events.  Total
runoff from this basin is 0.03 cfs and 0.1 cfs in the 2- and 100-year storm events, respectively.

Basin 404 (0.03 acres) is located on the south side of the site.  It consists of sidewalk, drive lanes, and
landscaping.  Runoff from Basin 404 will free release south to the E. Idaho Place right-of-way.  From there
runoff is ultimately routed to existing City of Aurora storm infrastructure.  The overall composite
imperviousness of this basin is 27.8% with composite coefficients of 0.34 in both the 2- and 100-year storm
events.  Total runoff from this basin is 0.03 cfs and 0.1 cfs in the 2- and 100-year storm events, respectively.

III. Design Criteria
Regulations
The proposed drainage design complies with the City of Aurora Storm Drainage Design & Technical Criteria
Manual (TCM) and the Mile High Flood District Urban Storm Drainage Criteria Manual (USDCM).

Hydrologic Criteria
Figures RA-1 through RA-6 of the USDCM were used to determine the rainfall intensity frequency values
for the City of Aurora, Colorado.  The design point rainfall values listed below were utilized in design
calculations.

Average Recurrence Interval (years)
Duration 2 5 10 25 50 100
60-min 0.99 in 1.39 in 1.63 in 2.00 in 2.30 in 2.60 in

The rational method as defined in the TCM and USDCM was used to calculate peak flows as the tributary
areas are less than 90 acres. The rational method has proven to be accurate for basins of this size and is
based on the following formula:

Q = CIA

Where:
Q = Peak Discharge (cfs)
C = Runoff Coefficient
I = Runoff Intensity (in/hr)
A = Drainage Area (ac)



Rainfall intensity was calculated using the intensity formula (Equation 5.5) in the TCM.  Impervious area
percentages and composite runoff coefficients were taken from Table 1 of the TCM.  Appendix A contains
percent imperviousness, runoff coefficient, and runoff calculations for all sub-basins. The 2-year runoff
coefficient was used for the minor storm event and the 100-year runoff coefficient was used for the major
storm event.

Hydraulic Criteria
There are no proposed underground storm improvements on the site.  Runoff from a portion of the site will
be conveyed through a series of grass swales in an open channel condition, so Manning’s equation was
used to calculate swale capacities via Flowmaster V8i (refer to Appendix B). All site runoff will outfall at the
northwest corner of the site under an existing locked chain link gate.  A weir calculation for the existing gate
with a clogging factor of 50% is provided in Appendix B for reference.

IV. Drainage Plan
General Concept
The proposed site is a redevelopment of an existing commercial site.  There is an existing regional retention
pond west of the property that was originally designed to accommodate all runoff from the site.  Based on
discussions with the City of Aurora the proposed site will continue to utilize the existing regional retention
pond.  A series of grass swales has been implemented on-site to improve water quality and increase times
of concentration.

Specific Details
As mentioned above there is an existing regional retention pond located west of the project site.  When the
First National Bank Subdivision, including E. Idaho Place right-of-way, was first designed in 1981 full
retention as opposed to detention was required per City of Aurora criteria.  The areas tributary to the
regional pond are First National Bank of Aurora Subdivision Filings No. 1 and 2, which consist of
approximately 3.54 acres of commercial land.  The retention pond was designed to accommodate a
composite imperviousness of 80% for the two lots.

The City of Aurora indicated early in the process that the existing regional retention pond does not meet
current standards.  As such, the developer tried several options to provide detention and water quality that
met all current standards.  These options and reasons they were not viable are outlined in the table below.

Option Reason not Viable
Provide on-site
detention
(surface)

There is not enough fall on the site to provide a surface outfall from a surface
detention pond.  The only existing storm infrastructure within a reasonable distance
of the site lies within S. Havana Street.  This storm line ultimately outfalls to the High
Line Canal and the City of Aurora indicated that no additional runoff may be
contributed to this canal.

Provide on-site
detention
(underground)

The only existing storm infrastructure within a reasonable distance of the site lies
within S. Havana Street.  This storm line ultimately outfalls to the High Line Canal
and the City of Aurora indicated that no additional runoff may be contributed to this
canal.

Bring ex. regional
pond up to
current code

The existing regional retention pond is located offsite and there are no existing
easements granting access for maintenance or improvements.  The developer was
unable to obtain property owner permission to access the pond for topographic



survey and water percolation testing.  Both of these are needed to verify the existing
capacity and drain rate of the pond.

Parking lot
detention

Parking lot detention would create grades that exceed that allowed by code within
the exiting fire lane easement in the shared access drive on the west side of the site.

Based on the results of these analysis options, the City of Aurora provided direction during a video call on
June 2, 2021 to utilize the existing regional retention pond.  The proposed site must be designed to match
or reduce the composite imperviousness from the existing condition and some form of surface water quality
or LID must be implemented if practical.  A series of grass swales have been designed on the site to provide
water quality and increase the times of concentration for on-site drainage basins (refer to Appendix B for
swale sizing calculations).

V. Conclusions
Compliance with Standards
The proposed storm drainage design has been performed in accordance with applicable sections of the
City of Aurora Storm Drainage Design & Technical Manual, the Mile High Flood District Urban Storm
Drainage Criteria Manual, and sound engineering principles. The design shows that the proposed site
improvements will be safely conveyed, treated, detained, and discharged to the receiving watershed with
no adverse effects. Detailed calculations provided in this report show the design will be adequate for the
proposed development.

Variances
Multiple variances are requested with this project.  Section 3.60 of the TCM states the following:

On-site detention is required for all new development, expansion and redevelopment.

Based on the constraints outlined in Section IV of this report a variance is requested to utilize the existing
regional retention pond to meet this requirement.  The proposed composite imperviousness is less than the
existing composite imperviousness for the site and a series of grass swales is proposed to provide some
additional water quality and increase times of concentration.  The proposed site will therefore improve the
drainage conditions of the area and will not cause any adverse impacts to the existing pond or surrounding
developments.

Section 3.70 of the TCM states the following:

Provide minimum water quality capture volume (WQCV) as described in Volume 3 of the USDCM.  The
WQCV shall be increased by 20% to account for sedimentation.

Based on the constraints outlined in Section IV of this report a variance is requested to implement LID
practices that provide a WQCV runoff reduction in lieu of a traditional water quality treatment device.  The
LID practices include design of three grass swales, which will improve the quality of stormwater through
biological uptake.
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APPENDIX A – Hydrologic Calculations
Composite Percent Impervious Calculations
Composite Runoff Coefficient Calculations
Standard Form 2 – Time of Concentration Calculations
Standard Form 3 – Minor Storm Runoff Calculations
Standard Form 3 – Major Storm Runoff Calculations



King Soopers Fuel #30
7/14/2021
________

Subdivision: Havana & Idaho Project Name: King Soopers Fuel #30
Location: CO, Aurora Project No.:

Calculated By: Jessica Greenough, PE
Checked By: 0

Date: 7/16/21

Ex. Site 1.28 100 0.71 55.6 96 0.00 0.0 2 0.43 0.7 90 0.14 10.00 66.3

% Imp.Area (ac)

KSF30.20

COMPOSITE % IMPERVIOUS CALCULATIONS

Weighted
% Imp.

Basins Total
Weighted %

Imp.Basin ID Total Area (ac) % Imp. Area (ac)

Roofs
Weighted

% Imp. Area (ac) Weighted
% Imp.

Asphalt Roads Lawns
Weighted

% Imp. % Imp. Area (ac)

Concrete Drives and Walks

% Imp.
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King Soopers Fuel #30
7/14/2021
________

Subdivision: Havana & Idaho Project Name: King Soopers Fuel #30
Location: CO, Aurora Project No.:

Calculated By: Jessica Greenough, PE
Checked By: Troy Kelts, PE

Date: 7/16/21

102 0.12 100 0.05 43.0 96 0.01 8.7 2 0.06 1.0 90 0.00 0.00 52.8
104 0.33 100 0.08 24.2 96 0.03 7.6 2 0.18 1.1 90 0.05 12.60 45.5
106 0.18 100 0.07 36.4 96 0.01 5.6 2 0.05 0.5 90 0.06 29.70 72.3
202 0.32 100 0.20 63.2 96 0.05 14.6 2 0.02 0.1 90 0.05 14.60 92.5
302 0.05 100 0.05 100.0 96 0.00 0.0 2 0.00 0.0 90 0.00 0.00 100.0

Total to Pond 0.99 100 0.45 45.0 96 0.10 9.3 2 0.29 0.6 90 0.16 14.30 69.2
402 0.03 100 0.00 0.0 96 0.01 31.5 2 0.02 1.3 90 0.00 0.00 32.8
404 0.03 100 0.00 5.3 96 0.01 21.0 2 0.02 1.5 90 0.00 0.00 27.8

Total Site 1.01 100 0.40 39.7 96 0.11 10.8 2 0.34 0.7 90 0.16 14.10 65.2

% Imp.

Roofs
Weighted

% Imp. Area (ac) Weighted
% Imp.

Asphalt Pavement Lawns
Weighted

% Imp. % Imp. Area (ac)

Concrete Walks and Drives

% Imp.Area (ac)

KSF30.20

COMPOSITE % IMPERVIOUS CALCULATIONS

Weighted
% Imp.

Basins Total
Weighted %

Imp.Basin ID Total Area (ac) % Imp. Area (ac)
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King Soopers Fuel #30
7/15/2021
________

Subdivision: Havana & Idaho Project Name: King Soopers Fuel #30
Location: CO, Aurora Project No.:

Calculated By: Jessica Greenough, PE
Checked By: Troy Kelts, PE

Date: 7/16/21

102 0.12 0.87 0.08 0.58 0.87 0.01 0.08 0.13 0.03 0.00 0.18 0.00 0.00 0.25 0.03 0.10 0.80 0.00 0.00 0.76
104 0.33 0.87 0.24 0.65 0.87 0.03 0.07 0.13 0.08 0.00 0.18 0.08 0.00 0.25 0.01 0.00 0.80 0.05 0.10 0.82
106 0.18 0.87 0.08 0.39 0.87 0.01 0.05 5.00 0.00 0.00 0.18 0.02 0.00 0.25 0.03 0.00 0.80 0.06 0.30 0.74
202 0.32 0.87 0.22 0.60 0.87 0.05 0.13 5.00 0.02 0.30 0.18 0.00 0.00 0.25 0.00 0.00 0.80 0.05 0.10 0.83
302 0.05 0.87 0.05 0.87 0.87 0.00 0.00 5.00 0.00 0.00 0.18 0.00 0.00 0.25 0.00 0.00 0.80 0.00 0.00 0.87
402 0.03 0.87 0.00 0.00 0.87 0.01 0.29 5.00 0.00 0.00 0.18 0.02 0.10 0.25 0.00 0.00 0.80 0.00 0.00 0.29
404 0.03 0.87 0.00 0.05 0.87 0.01 0.19 5.00 0.00 0.00 0.18 0.01 0.10 0.25 0.01 0.10 0.80 0.00 0.00 0.34

102 0.12 0.93 0.08 0.63 0.89 0.01 0.08 0.17 0.03 0.00 0.22 0.00 0.00 0.35 0.03 0.10 0.90 0.00 0.00 0.81
104 0.33 0.93 0.24 0.69 0.89 0.03 0.07 0.17 0.08 0.00 0.22 0.08 0.10 0.35 0.01 0.00 0.90 0.05 0.10 0.86
106 0.18 0.93 0.08 0.42 0.89 0.01 0.05 0.17 0.00 0.00 0.22 0.02 0.00 0.35 0.03 0.10 0.90 0.06 0.30 0.87
202 0.32 0.93 0.22 0.64 0.89 0.05 0.14 0.17 0.02 0.00 0.22 0.00 0.00 0.35 0.00 0.00 0.90 0.05 0.10 0.88
302 0.05 0.93 0.05 0.93 0.89 0.00 0.00 0.17 0.00 0.00 0.22 0.00 0.00 0.35 0.00 0.00 0.90 0.00 0.00 0.93
402 0.03 0.93 0.00 0.00 0.89 0.01 0.29 0.17 0.00 0.00 0.22 0.02 0.10 0.35 0.00 0.00 0.90 0.00 0.00 0.29
404 0.03 0.93 0.00 0.05 0.89 0.01 0.19 0.17 0.00 0.00 0.22 0.01 0.10 0.35 0.01 0.10 0.90 0.00 0.00 0.34

COMPOSITE RUNOFF COEFFICIENT CALCULATIONS

KSF30.20

Asphalt Pavement Concrete Walks and Drives Lawns (A & B Soils), > 7% Slope Roofs Basins Total
Weighted C2Basin ID Total Area (ac) C2 Area (ac) Weighted

C C2 Area (ac) Weighted
C C2Area (ac) Weighted

C Area (ac) Weighted
C C2 Area (ac) Weighted

C

Asphalt Pavement Concrete Walks and Drives Lawns (A & B Soils), > 7% Slope Roofs

C2

Basins Total
Weighted C100Basin ID Total Area (ac) C100 Area (ac) Weighted

C C100 Area (ac) Weighted
C C100 Area (ac) Weighted

C C100 Area (ac) Weighted
C

Lawns (A & B Soils), 2% Slope

C2 Area (ac) Weighted
C

Lawns (A & B Soils), 2-7% Slope

Lawns (A & B Soils), 2% Slope Lawns (A & B Soils), 2-7% Slope

C100 Area (ac) Weighted
C C100 Area (ac) Weighted

C
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King Soopers Fuel #30
7/14/2021
________

Subdivision: Havana & Idaho Project Name: King Soopers Fuel #30
Location: CO, Aurora Project No.:

Calculated By: Jessica Greenough, PE
Checked By: Troy Kelts, PE

Date: 7/16/21

FINAL
BASIN D.A. Hydrologic Impervious C100 C2 L S Ti L S Cv VEL. Tt COMP. Tc TOTAL Urbanized Tc Tc

ID (AC) Soils Group (%) (FT) (%) (MIN) (FT) (%) (FPS) (MIN) (MIN) LENGTH (FT) (MIN) (MIN)
102 0.12 A 52.8 0.81 0.76 38 1.60 3.3 125 0.85 7.0 0.6 3.2 6.5 163.0 10.9 6.5
104 0.33 A 45.5 0.86 0.82 64 1.80 3.4 68 0.70 7.0 0.6 1.9 5.3 132.0 10.7 5.3
106 0.18 A 72.3 0.87 0.74 62 3.00 3.6 60 0.70 7.0 0.6 1.7 5.3 122.0 10.7 5.3
202 0.32 A 92.5 0.88 0.83 82 1.86 3.6 44 1.50 20.0 2.4 0.3 3.9 126.0 10.7 5.0
302 0.05 A 100.0 0.93 0.87 13 4.80 0.9 115 1.50 20.0 2.4 0.8 1.7 128.0 10.7 5.0
402 0.03 A 32.8 0.29 0.29 8.3 1.80 3.5 5 1.80 7.0 0.9 0.1 3.6 13.3 10.1 5.0
404 0.03 A 27.8 0.34 0.34 9.5 2.00 3.4 5 1.80 7.0 0.9 0.1 3.5 14.5 10.1 5.0

NOTES:
Ti = (0.395*(1.1 - C5)*(L)^0.5)/((S)^0.33),  S in ft/ft
Tt=L/60V (Velocity From Fig. 501)
Velocity V=Cv*S^0.5,  S in ft/ft
Tc Check = 10+L/180
For Urbanized basins a minimum Tc of 5.0 minutes is required.
For non-urbanized basins a minimum Tc of 10.0 minutes is required

STANDARD FORM SF-2
TIME OF CONCENTRATION

SUB-BASIN Tc CHECK

KSF30.20

(URBANIZED BASINS)DATA
INITIAL/OVERLAND

(Ti)
TRAVEL TIME

(Tt)
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King Soopers Fuel #30
7/14/2021
________

Project Name: King Soopers Fuel #30
Subdivision: Havana & Idaho Project No.:

Location: CO, Aurora Calculated By: Jessica Greenough, PE
Design Storm: Checked By: Troy Kelts, PE

Date:
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REMARKS

1 102 0.12 0.76 6.5 0.09 3.11 0.3 Grass Swale GS-1

2 104 0.33 0.82 5.3 0.27 3.30 0.9 Grass Swale GS-2

3 106 0.18 0.74 5.3 0.14 3.30 0.5 5.3 0.41 3.30 1.4 Grass Swale GS-3

202 0.32 0.83 5.0 0.27 3.36 0.9 Surface Flow to Retention Pond

302 0.05 0.87 5.0 0.04 3.36 0.1 Offsite Surface Flow to Retention Pond
4 6.5 0.81 3.11 2.5 Total Flow to Fence and Retention Pond
5 402 0.03 0.29 5.0 0.01 3.36 0.03 Free Release Offsite (S. Havana Street)

6 404 0.03 0.34 5.0 0.01 3.36 0.03 Free Release Offsite (E. Idaho Place)

7/16/21

TRAVEL TIMEDIRECT RUNOFF TOTAL RUNOFF STREET PIPE

STANDARD FORM SF-3
STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

2-Year

KSF30.20
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King Soopers Fuel #30
7/14/2021
________

Project Name: King Soopers Fuel #30
Subdivision: Havana & Idaho Project No.:

Location: CO, Aurora Calculated By: Jessica Greenough, PE
Design Storm: Checked By: Troy Kelts, PE
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REMARKS

1 102 0.12 0.81 6.5 0.09 8.18 0.7 Grass Swale GS-1

2 104 0.33 0.86 5.3 0.28 8.68 2.4 Grass Swale GS-2

3 106 0.18 0.87 5.3 0.16 8.68 1.4 5.3 0.44 8.68 3.8 Grass Swale GS-3

202 0.32 0.88 5.0 0.28 8.82 2.5 Surface Flow to Retention Pond

302 0.05 0.93 5.0 0.05 8.82 0.4 Offsite Surface Flow to Retention Pond
4 6.5 0.86 8.18 7.0 Total Flow to Fence and Retention Pond
5 402 0.03 0.29 5.0 0.01 8.82 0.1 Free Release Offsite (S. Havana Street)

6 404 0.03 0.34 5.0 0.01 8.82 0.1 Free Release Offsite (E. Idaho Place)

TOTAL RUNOFF STREET

7/16/21

TRAVEL TIME

(RATIONAL METHOD PROCEDURE)

STANDARD FORM SF-3
STORM DRAINAGE SYSTEM DESIGN

KSF30.20

PIPE

100-Year

DIRECT RUNOFF

Galloway & Company, Inc. Page 1 of 1



APPENDIX B – Hydraulic Calculations
MHFD Design Procedure Form – Runoff Reduction
Grass Swale Capacity Calculations
Wier Calculation – Outflow Under Fence



Worksheet Unprotected

 Sheet 1 of 1
Designer:
Company:
Date:
Project:
Location:

SITE INFORMATION (User Input in Blue Cells)
WQCV Rainfall Depth 0.60 inches

Depth of Average Runoff Producing Storm, d6 = 0.43 inches (for Watersheds Outside of the Denver Region, Figure 3-1 in USDCM Vol. 3)

Area Type UIA:RPA UIA:RPA UIA:RPA DCIA DCIA
Area ID Basin 102 Basin 104 Basin 106 Basin 202 Basin 302

Downstream Design Point ID 1 2 2 3 3
Downstream BMP Type RP RP RP RP RP

DCIA (ft2) -- -- -- 13,238 2,151
UIA (ft2) 2,627 6,526 5,986 -- --

RPA (ft2) 2,414 7,639 1,962 -- --
SPA (ft2) -- -- -- -- --

HSG A (%) 100% 100% 100% -- --
HSG B (%) 0% 0% 0% -- --

HSG C/D (%) 0% 0% 0% -- --
Average Slope of RPA (ft/ft) 0.010 0.008 0.008 -- --
UIA:RPA Interface Width (ft) 10.00 10.00 110.00 -- --

CALCULATED RUNOFF RESULTS
Area ID Basin 102 Basin 104 Basin 106 Basin 202 Basin 302

UIA:RPA Area (ft2) 5,041 14,165 7,948 -- --
L / W Ratio 16.00 16.00 0.66 -- --
UIA / Area 0.5211 0.4607 0.7531 -- --
Runoff (in) 0.00 0.00 0.00 0.50 0.50
Runoff (ft3) 0 0 0 552 90

Runoff Reduction (ft3) 109 272 249 0 0

CALCULATED WQCV RESULTS
Area ID Basin 102 Basin 104 Basin 106 Basin 202 Basin 302

WQCV (ft3) 88 218 200 441 72
WQCV Reduction (ft3) 109 272 249 0 0
WQCV Reduction (%) 125% 125% 125% 0% 0%
Untreated WQCV (ft3) -22 -54 -50 441 72

CALCULATED DESIGN POINT RESULTS (sums results from all columns with the same Downstream Design Point ID)
Downstream Design Point ID 1 2 2 3 3

DCIA (ft2) 0 0 0 15,389 15,389
UIA (ft2) 2,627 12,512 12,512 0 0

RPA (ft2) 2,414 9,601 9,601 0 0
SPA (ft2) 0 0 0 0 0

Total Area (ft2) 5,041 22,113 22,113 15,389 15,389
Total Impervious Area (ft2) 2,627 12,512 12,512 15,389 15,389

WQCV (ft3) 88 417 417 513 513
WQCV Reduction (ft3) 109 521 521 0 0
WQCV Reduction (%) 125% 125% 125% 0% 0%
Untreated WQCV (ft3) -22 -104 -104 513 513

CALCULATED SITE RESULTS (sums results from all columns in worksheet)
Total Area (ft2) 80,045

Total Impervious Area (ft2) 58,429
WQCV (ft3) 1,018

WQCV Reduction (ft3) 631
WQCV Reduction (%) 62%
Untreated WQCV (ft3) 387

1369 S. Havana Street | Aurora, Colorado

Design Procedure Form:  Runoff Reduction

Jessica Greenough, PE
Galloway & Company, Inc.
July 14, 2021
King Soopers Fuel #30

UD-BMP (Version 3.07, March 2018)



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.00850 ft/ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Discharge 0.30 ft³/s

Results

Normal Depth 0.27 ft

Flow Area 0.30 ft²

Wetted Perimeter 2.24 ft

Hydraulic Radius 0.13 ft

Top Width 2.18 ft

Critical Depth 0.20 ft

Critical Slope 0.03981 ft/ft

Velocity 1.01 ft/s

Velocity Head 0.02 ft

Specific Energy 0.29 ft

Froude Number 0.48

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 0.27 ft

Critical Depth 0.20 ft

Channel Slope 0.00850 ft/ft

Critical Slope 0.03981 ft/ft

Grass Swale GS-1 | 2-Yr

7/14/2021 8:50:19 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 0.00850 ft/ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Discharge 0.70 ft³/s

Results

Normal Depth 0.37 ft

Flow Area 0.56 ft²

Wetted Perimeter 3.08 ft

Hydraulic Radius 0.18 ft

Top Width 2.99 ft

Critical Depth 0.29 ft

Critical Slope 0.03556 ft/ft

Velocity 1.25 ft/s

Velocity Head 0.02 ft

Specific Energy 0.40 ft

Froude Number 0.51

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 0.37 ft

Critical Depth 0.29 ft

Channel Slope 0.00850 ft/ft

Critical Slope 0.03556 ft/ft

Grass Swale GS-1 | 100-Yr

7/14/2021 8:20:17 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00700 ft/ft

Discharge 0.90 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 5494.14

0+04 5492.58

0+18 5493.85

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 5494.14) (0+18, 5493.85) 0.035

Options
Current Roughness Weighted
Method Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.35 ft

Elevation Range 5492.58 to 5494.14 ft

Flow Area 0.82 ft²

Wetted Perimeter 4.74 ft

Hydraulic Radius 0.17 ft

Top Width 4.65 ft

Normal Depth 0.35 ft

Critical Depth 0.26 ft

Critical Slope 0.03620 ft/ft

Velocity 1.10 ft/s

Grass Swale GS-2 | 2-Yr

7/14/2021 8:51:18 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Velocity Head 0.02 ft

Specific Energy 0.37 ft

Froude Number 0.46

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 0.35 ft

Critical Depth 0.26 ft

Channel Slope 0.00700 ft/ft

Critical Slope 0.03620 ft/ft

Grass Swale GS-2 | 2-Yr

7/14/2021 8:51:18 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00700 ft/ft

Normal Depth 0.35 ft

Discharge 0.90 ft³/s

Cross Section Image

Cross Section for Grass Swale GS-2 | 2-Yr

7/14/2021 8:51:49 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00700 ft/ft

Discharge 2.40 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 5494.14

0+04 5492.58

0+18 5493.85

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 5494.14) (0+18, 5493.85) 0.035

Options
Current Roughness Weighted
Method Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.51 ft

Elevation Range 5492.58 to 5494.14 ft

Flow Area 1.71 ft²

Wetted Perimeter 6.85 ft

Hydraulic Radius 0.25 ft

Top Width 6.72 ft

Normal Depth 0.51 ft

Critical Depth 0.38 ft

Critical Slope 0.03176 ft/ft

Velocity 1.41 ft/s

Grass Swale GS-2 | 100-Yr

7/14/2021 8:25:09 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Velocity Head 0.03 ft

Specific Energy 0.54 ft

Froude Number 0.49

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 0.51 ft

Critical Depth 0.38 ft

Channel Slope 0.00700 ft/ft

Critical Slope 0.03176 ft/ft

Grass Swale GS-2 | 100-Yr

7/14/2021 8:25:09 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00700 ft/ft

Normal Depth 0.51 ft

Discharge 2.40 ft³/s

Cross Section Image

Cross Section for Grass Swale GS-2 | 100-Yr

7/14/2021 8:25:46 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00700 ft/ft

Discharge 1.40 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 5494.14

0+04 5492.58

0+18 5493.85

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 5494.14) (0+18, 5493.85) 0.035

Options
Current Roughness Weighted
Method Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.41 ft

Elevation Range 5492.58 to 5494.14 ft

Flow Area 1.14 ft²

Wetted Perimeter 5.60 ft

Hydraulic Radius 0.20 ft

Top Width 5.49 ft

Normal Depth 0.41 ft

Critical Depth 0.31 ft

Critical Slope 0.03413 ft/ft

Velocity 1.23 ft/s

Grass Swale GS-3 | 2-Yr

7/14/2021 8:52:22 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Velocity Head 0.02 ft

Specific Energy 0.44 ft

Froude Number 0.48

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 0.41 ft

Critical Depth 0.31 ft

Channel Slope 0.00700 ft/ft

Critical Slope 0.03413 ft/ft

Grass Swale GS-3 | 2-Yr

7/14/2021 8:52:22 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00700 ft/ft

Normal Depth 0.41 ft

Discharge 1.40 ft³/s

Cross Section Image

Cross Section for Grass Swale GS-3 | 2-Yr

7/14/2021 8:52:53 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00700 ft/ft

Discharge 3.80 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 5494.14

0+04 5492.58

0+18 5493.85

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 5494.14) (0+18, 5493.85) 0.035

Options
Current Roughness Weighted
Method Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 0.60 ft

Elevation Range 5492.58 to 5494.14 ft

Flow Area 2.41 ft²

Wetted Perimeter 8.13 ft

Hydraulic Radius 0.30 ft

Top Width 7.98 ft

Normal Depth 0.60 ft

Critical Depth 0.46 ft

Critical Slope 0.02987 ft/ft

Velocity 1.58 ft/s

Grass Swale GS-3 | 100-Yr

7/14/2021 8:31:37 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Results

Velocity Head 0.04 ft

Specific Energy 0.64 ft

Froude Number 0.51

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 0.60 ft

Critical Depth 0.46 ft

Channel Slope 0.00700 ft/ft

Critical Slope 0.02987 ft/ft

Grass Swale GS-3 | 100-Yr

7/14/2021 8:31:37 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00700 ft/ft

Normal Depth 0.60 ft

Discharge 3.80 ft³/s

Cross Section Image

Cross Section for Grass Swale GS-3 | 100-Yr

7/14/2021 8:32:05 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Solve For Crest Elevation

Input Data

Discharge 7.00 ft³/s

Headwater Elevation 0.50 ft

Tailwater Elevation 0.00 ft

Weir Coefficient 3.00 US

Crest Length 24.00 ft

Number Of Contractions 0

Results

Crest Elevation 0.29 ft

Headwater Height Above Crest 0.21 ft

Tailwater Height Above Crest -0.29 ft

Flow Area 5.07 ft²

Velocity 1.38 ft/s

Wetted Perimeter 24.42 ft

Top Width 24.00 ft

Weir Calculation - Ex. Fence | 100-Yr

7/15/2021 10:30:00 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



APPENDIX C – Drainage Map
Proposed Drainage Map
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APPENDIX D – Reference Material
FEMA FIRMette Map
NRCS Web Soil Survey
Excerpts from Approved Drainage Study
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