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Subject: File Attachment
Page Label: 39
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:20:34 AM
Status: 
Color: 
Layer: 
Space: 

File Attachment (1)

Subject: SW - Textbox
Page Label: 39
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:20:45 AM
Status: 
Color: 
Layer: 
Space: 

Please thoroughly read through MHFD's Detail T-1
(linked to the right) and their guidance comments
on every row throughout this spreadsheet in order
to design a properly functioning RPA.

SW - Textbox (2)

Subject: SW - Textbox
Page Label: 54
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 11:06:52 AM
Status: 
Color: 
Layer: 
Space: 

Please update this sheet per all of my comments in
the duplicate sheet in the CDs.

Subject: SW - Textbox with Arrow
Page Label: 41
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:39:26 AM
Status: 
Color: 
Layer: 
Space: 

Unfortunately this reduction is now 56.7%, which is
below the min 60%...

SW - Textbox with Arrow (17)

Subject: SW - Textbox with Arrow
Page Label: 44
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:54:18 AM
Status: 
Color: 
Layer: 
Space: 

How can this be the Interface Width when the two
inflows from the UIA to the RPA are concentrated
point discharges from roof drains? Without a level
spreader from the roof drains to the RPA, the
Interface Width is only as wide as the diameter of
each roof drain.  

Subject: SW - Textbox with Arrow
Page Label: 44
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:54:14 AM
Status: 
Color: 
Layer: 
Space: 

What is the designed "Other" Sheet Flow Inflow
Feature? Describe in the Notes at the bottom of
this page. You can't just input "Other" and have the
inflow be a concentrated flow, WQ treatment is not
achieved with this configuration with Grass Buffers,
only with Grass Swales.

Please thoroughly read through
MHFD's Detail T-1 (linked to the
right) and their guidance comments
on every row throughout this
spreadsheet in order to design a
properly functioning RPA.

Please update this sheet per all of
my comments in the duplicate
sheet in the CDs.

mn and all upstream design point columns.)
C D

RPA_Swale SPA
5,344 197
85.4% 0.0%

229 0
130 0
99 0

eet is: 5,541 square feet

Unfortunately this
reduction is now 56.7%,
which is below the min
60%...

on
-- Seed --
-- Permanent --

DESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

tio, and Interface Width
-- Other --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- 4,817 --
-- 2.0 --
-- 85 --
-- 0.67 --

-- 19 --

-- 0.333 --
-- 17 --
-- 2 --

-- 3.00 --
-- NO --

d RPA Pair
-- 67.0% --
-- 0.00 --
-- 0 --

PA Pair to Runoff from UIA Only
-- 134 --
-- 134 --
-- 100.0% --

How can this be the
Interface Width when the
two inflows from the UIA
to the RPA are
concentrated point
discharges from roof
drains? Without a level
spreader from the roof
drains to the RPA, the
Interface Width is only
as wide as the diameter
of each roof drain.  

ERIA FOR ALL RPAs (User Input in Blue Cells)
0

odel to Site Layout
I J K

UIA RPA_Buffer SPA
J 5 5
-- -- --

3,226 -- --
-- 1,591 --
-- -- 1,324

-- None --

nd Determine Suitability for the RPA
-- 100.0% --
-- 0.0% --
-- 0.0% --

-- Seed --
-- Permanent --

SIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

o, and Interface Width
-- Other --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- 4,817 --
-- 2.0 --
-- 85 --
-- 0.67 --

-- 19 --

What is the designed
"Other" Sheet Flow
Inflow Feature? Describe
in the Notes at the
bottom of this page. You
can't just input "Other"
and have the inflow be a
concentrated flow, WQ
treatment is not achieved
with this configuration
with Grass Buffers, only
with Grass Swales.



Subject: SW - Textbox with Arrow
Page Label: 44
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:54:22 AM
Status: 
Color: 
Layer: 
Space: 

Where is this vertical drop? The end of the roof
drains are going to be 3in above the RPA? Provide
a detail showing this in the CDs.
Section 2 in the CDs currently only shows a 2in
drop from edge of building (not pipe) but it's via a
sloped rock area, which doesnt work per my
comment in the CDs.

Subject: SW - Textbox with Arrow
Page Label: 41
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:52:39 AM
Status: 
Color: 
Layer: 
Space: 

Please provide calcs for this.

Subject: SW - Textbox with Arrow
Page Label: 42
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:41:54 AM
Status: 
Color: 
Layer: 
Space: 

See comments in CDs about vertical drops.

Subject: SW - Textbox with Arrow
Page Label: 42
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:41:05 AM
Status: 
Color: 
Layer: 
Space: 

Per the MHFD recommendation in the spreadsheet
comment for this row, 2ft spacing on center is
recommended.

Subject: SW - Textbox with Arrow
Page Label: 42
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:41:09 AM
Status: 
Color: 
Layer: 
Space: 

24" openings shown on plans. Revise to remove
discrepancy. MHFD rec's 1.5" opening to protect
from snow plow damage

Subject: SW - Textbox with Arrow
Page Label: 44
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:54:20 AM
Status: 
Color: 
Layer: 
Space: 

No level spreaders are shown on plans.

-- 0.67 --

-- 19 --

-- 0.333 --
-- 17 --
-- 2 --

-- 3.00 --
-- NO --

 RPA Pair
-- 67.0% --
-- 0.00 --
-- 0 --

PA Pair to Runoff from UIA Only
-- 134 --
-- 134 --
-- 100.0% --
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Where is this vertical
drop? The end of the
roof drains are going to
be 3in above the RPA?
Provide a detail showing
this in the CDs.
Section 2 in the CDs
currently only shows a
2in drop from edge of
building (not pipe) but it's
via a sloped rock area,
which doesnt work per
my comment in the CDs.

-- --
Vegetation --

53.00 --
10.00 --
530 --
4.00 --

0.030 --
0.030 --
0.00 --
NO --

229 --
229 --

ttom
130 --
99 --

56.7% --

0.5 --

E --
0.6 --

0.08 --
0.8 --
10.7 --
10.6 --
0.08 --
0.05 --
0.080 --
0.08 --
0.07 --

NO --

Please provide calcs for
this.

-- 10.00 -- --
-- 12.00 -- --
-- -- -- --
-- -- -- --
-- 4,175 -- --
-- 6.5 -- --
-- 50 -- --
-- 1.67 -- --

-- 11 -- --

-- 0.333 -- --
-- 17 -- --
-- 1 -- --

-- 2.00 -- --
-- NO -- --

A Pair
-- 86.7% -- --
-- 0.15 -- --
-- 51 -- --

Pair to Runoff from UIA Only
-- 151 -- --
-- 99 -- --
-- 65.9% -- --

Sheet 4 of 7 6/19/2025, 5:25 PM

See comments
in CDs about
vertical drops.

-- Slotted Curb None --

d Determine Suitability for the RPA
-- 100.0% 100.0% --
-- 0.0% 0.0% --
-- 0.0% 0.0% --

-- Seed Seed --
-- Permanent Permanent --

IGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

and Interface Width
-- Slotted -- --
-- -- -- --
-- 10.00 -- --
-- 12.00 -- --
-- -- -- --
-- -- -- --
-- 4,175 -- --
-- 6.5 -- --
-- 50 -- --
-- 1.67 -- --

-- 11 -- --

-- 0.333 -- --
-- 17 -- --
-- 1 -- --

-- 2.00 -- --
-- NO -- --

PA Pair

Per the MHFD
recommendation
in the
spreadsheet
comment for this
row, 2ft spacing
on center is
recommended.

ESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

o, and Interface Width
-- Slotted -- --
-- -- -- --
-- 10.00 -- --
-- 12.00 -- --
-- -- -- --
-- -- -- --
-- 4,175 -- --
-- 6.5 -- --
-- 50 -- --
-- 1.67 -- --

-- 11 -- --

-- 0.333 -- --
-- 17 -- --
-- 1 -- --

-- 2.00 -- --
-- NO -- --

RPA Pair
-- 86.7% -- --
-- 0.15 -- --
-- 51 -- --

A Pair to Runoff from UIA Only
-- 151 -- --
-- 99 -- --
-- 65.9% -- --

24" openings
shown on plans.
Revise to
remove
discrepancy.
MHFD rec's 1.5"
opening to
protect from
snow plow
damage

ESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

io, and Interface Width
-- Other --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- 4,817 --
-- 2.0 --
-- 85 --
-- 0.67 --

-- 19 --

-- 0.333 --
-- 17 --
-- 2 --

-- 3.00 --
-- NO --

 RPA Pair
-- 67.0% --
-- 0.00 --
-- 0 --

PA Pair to Runoff from UIA Only
-- 134 --
-- 134 --
-- 100.0% --

A_5 Sheet 6 of 7 6/19/2025, 5:25 PM

No level spreaders are
shown on plans.



Subject: SW - Textbox with Arrow
Page Label: 39
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:55:08 AM
Status: 
Color: 
Layer: 
Space: 

I think this is a typo. Based on the UIA square
footage of the RPA+SPA square footage versus
the UIA is about 50% of the total. Please revise.

Subject: SW - Textbox with Arrow
Page Label: 41
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 9:58:11 AM
Status: 
Color: 
Layer: 
Space: 

This was removed from the notes in the CDs with
this submittal. Please add it back in. Otherwise,
MHFD recommends forebays.

Subject: SW - Textbox with Arrow
Page Label: 40
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:21:55 AM
Status: 
Color: 
Layer: 
Space: 

Based on the LxW provided on the next page, the
RPA is only 530sqft. This discrepancy is due to
MHFD's notes on that row of the spreadsheet: only
the bottom area of the swale counts towards the
RPA, not the side slopes. And the section of this
swale shown on the CDs shows that there is not a
bottom since it is a v-shaped swale. MHFD
guidance states that RPA swales must be
trapezoidal shaped. 

Please revise design accordingly.

Subject: SW - Textbox with Arrow
Page Label: 37
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 11:07:30 AM
Status: 
Color: 
Layer: 
Space: 

For this swale (and Swale-G), please also show
calcs to get 2-yr Discharge that is shown in Runoff
Reduction calcs (inputted at 0.5cfs on PDF pg 41
below.

Subject: SW - Textbox with Arrow
Page Label: 41
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:52:43 AM
Status: 
Color: 
Layer: 
Space: 

Per MHFD guidance comments for this row,
headwater calcs are necessary for swales that
drain to culverts. Please provide calcs for this.

Subject: SW - Textbox with Arrow
Page Label: 43
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:47:18 AM
Status: 
Color: 
Layer: 
Space: 

Upstream is a buffer, not a swale. So this should
be Other, since buffer isnt an option.

UT INFO  (User Input in Blue Cells)
ent (WQE) 0.60 inches

Outfall ID 6 5 7
y Area (ft2) 5,541 6,141 4,822
y Area (ac) 0.13 0.14 0.11
usness (%) 81.0% 5.0% 86.0%
n Standard Runoff Runoff Runoff
SCM Type RPA RPA RPA

Notes:

4.01 (December 2024)

a Dental

avidson
tion Design Group
9, 2025

eridian Park Dr.

I think this is a typo. Based on the UIA
square footage of the RPA+SPA
square footage versus the UIA is
about 50% of the total. Please revise.

URE AND CRITERIA (User Input in Blue Cells)

5,344 --
85.4% --

Pipe --
-- --
-- --
-- --
-- --
-- --

YES --
-- --
-- --
-- --
-- --
-- --
-- --
-- --

Vegetation --

53.00 --
10.00 --
530 --
4.00 --

0.030 --
0.030 --
0.00 --
NO --

229 --
229 --

Bottom
130 --
99 --

56.7% --

This was removed from
the notes in the CDs
with this submittal.
Please add it back in.
Otherwise, MHFD
recommends forebays.

RIA FOR ALL RPAs (User Input in Blue Cells)
0

del to Site Layout
A C D

UIA RPA_Swale SPA
C 6 6
-- -- --

4,565 -- --
-- 779 --
-- -- 197

-- None --

d Determine Suitability for the RPA
-- 100.0% --
-- 0.0% --
-- 0.0% --

-- Seed --
-- Permanent --

IGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

 and Interface Width
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --

r.

Based on the LxW
provided on the next
page, the RPA is only
530sqft. This
discrepancy is due to
MHFD's notes on that
row of the spreadsheet:
only the bottom area of
the swale counts
towards the RPA, not
the side slopes. And the
section of this swale
shown on the CDs
shows that there is not a
bottom since it is a
v-shaped swale. MHFD
guidance states that
RPA swales must be
trapezoidal shaped. 

Please revise design
accordingly.

Basins Design Points (cfs) (%) (in

E Grass Swale C - DP2 0.76 5.41 0.013 18

For this swale (and
Swale-G), please also
show calcs to get 2-yr
Discharge that is shown
in Runoff Reduction
calcs (inputted at 0.5cfs
on PDF pg 41 below.

0.5 --

E --
0.6 --

0.08 --
0.8 --
10.7 --
10.6 --
0.08 --
0.05 --
0.080 --
0.08 --
0.07 --

NO --

t column and all upstream design point columns.)
C D

RPA_Swale SPA
5,344 197
85.4% 0.0%

229 0
130 0
99 0

Worksheet is: 5,541 square feet

Per MHFD guidance
comments for this row,
headwater calcs are
necessary for swales
that drain to culverts.
Please provide calcs for
this.

DURE AND CRITERIA (User Input in Blue Cells)

-- 4,822 --
-- 75.1% --

-- Swale --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- -- --
-- Vegetation --

-- 18.00 --
-- 10.00 --
-- 180 --
-- 3.00 --

-- 0.030 --
-- 0.030 --
-- 0.00 --
-- NO --

-- 164 --

Upstream is a
buffer, not a
swale. So this
should be Other,
since buffer isnt
an option.



Subject: SW - Textbox with Arrow
Page Label: 42
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:51:55 AM
Status: 
Color: 
Layer: 
Space: 

Based on the LxW provided on the next page, the
RPA is only 180sqft. This discrepancy is due to
MHFD's notes on that row of the spreadsheet: only
the bottom area of the swale counts towards the
RPA, not the side slopes. And the section of this
swale shown on the CDs shows that there is not a
bottom since it is a v-shaped swale. MHFD
guidance states that RPA swales must be
trapezoidal shaped. 

Please revise design accordingly.

Subject: SW - Textbox with Arrow
Page Label: 43
Author: Glenn Reese - EPC Stormwater
Date: 7/2/2025 10:52:48 AM
Status: 
Color: 
Layer: 
Space: 

Please provide calcs for this.

RIA FOR ALL RPAs (User Input in Blue Cells)
0

del to Site Layout
E F G H

UIA RPA_Buffer RPA_Swale SPA
F G 7 G
-- -- -- --

3,620 -- -- --
-- 555 260 --
-- -- -- 387

-- Slotted Curb None --

d Determine Suitability for the RPA
-- 100.0% 100.0% --
-- 0.0% 0.0% --
-- 0.0% 0.0% --

-- Seed Seed --
-- Permanent Permanent --

IGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

 and Interface Width
-- Slotted -- --

g Pervious Areas (Including Grass Buffers and Grass Swales)
SCM Design, Version 4.01 (December 2024)

oup

r.

Based on the LxW
provided on the next
page, the RPA is only
180sqft. This
discrepancy is due to
MHFD's notes on that
row of the spreadsheet:
only the bottom area of
the swale counts
towards the RPA, not
the side slopes. And the
section of this swale
shown on the CDs
shows that there is not a
bottom since it is a
v-shaped swale. MHFD
guidance states that
RPA swales must be
trapezoidal shaped. 

Please revise design
accordingly.

-- -- --
-- Vegetation --

-- 18.00 --
-- 10.00 --
-- 180 --
-- 3.00 --

-- 0.030 --
-- 0.030 --
-- 0.00 --
-- NO --

-- 164 --
-- 64 --

ttom
-- 43 --
-- 21 --
-- 67.2% --

-- 0.3 --

-- E --
-- 0.5 --

-- 0.06 --
-- 0.6 --
-- 10.4 --
-- 10.4 --
-- 0.06 --
-- 0.03 --
-- 0.080 --
-- 0.06 --
-- 0.06 --

-- NO --

Please provide calcs for
this.
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CONTACT: LUCAS CARUBIA 
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Engineers Statement: 
 
The attached drainage plan and report were prepared under my direction and supervision and 
are correct to the best of my knowledge and belief. Said drainage report has been prepared 
according to the criteria established by the city/county for drainage reports and said report is in 
conformity with the master plan of the drainage basin. I accept responsibility for any liability 
caused by any negligent acts, errors or omissions on my part in preparing this report. 
 
 
 
 
__________________________________________ 
Jerry W. Davidson, P.E. 
CO Reg No. 30226 
For and On Behalf Of 
Perception Design Group, Inc. 
 
 
 
Developer's Statement: 
  
I, ______ the developer have read and will comply with all of the requirements specified in this 
drainage report and plan. 
 
Business Name: ____________________________ 
 
By: _______________________________________ 
 
Title: ______________________________________ 
 
Address: ___________________________________ 
 
 
 
 
El Paso County: 
 
Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes 1 and 2, El 
Paso County Engineering Criteria Manual and Land Development Code as amended. 
 
___________________________________   ______ 
Joshua Palmer, P.E.          Date 
County Engineer / ECM Administrator 
 
 
Conditions: 
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Section A: GENERAL LOCATION 

The Carubia Properties project is located on the east side of Meridian Park Drive approximately 
300 feet south of Bent Grass Meadows Drive in Falcon, Colorado. The site address is 8035 
Meridian Park Drive, Falcon, CO 80831. It is in unincorporated El Paso County. Meridian Park 
Drive is located to the west of the property and Meridian Road is to the east. 
   
 

 
 
By rectangular survey coordinates the project is located in the Northeast Quarter of Section 1, 
Township 13 South, Range 65 West of the 6th P.M. County Of El Paso, State of Colorado. 
 
There are no major drainageways within the property. There are no existing stormwater facilities 
within the property. 
 
Surrounding developments include Lot 1 Bent Grass East Commercial Filing No.1 to the north. 
This site is developed as a 7-Eleven fuel station and convenience store. To the west Is Bent 
Grass East Commercial Filing No 2B and Filing No. 3 which are vacant ground and a veterinary 
clinic. To the south is vacant ground in Bent Grass East Commercial Filing No 4. To the east is 
Woodmen Hills Fil No 8, a residential subdivision. 
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Section B: DESCRIPTION OF PROPERTY 

 
The subject property contains 0.87 acres of land and is zoned CS. Ground cover consists of 
bare dirt and native grass. Site topography slopes from north to south at average 3%. The 
easterly side of the site discharges to the roadside ditch of Meridian Road while the westerly 
side of the site discharges onto the adjacent property south. 

Site soils as illustrated on the NRCS Web Soil Survey indicate Columbine gravelly sandy loam 
soils are present at the site. This soil is a well-drained soil with hydrologic soil group A 
designation.  

There are no major drainageways or irrigation facilities on the property. 

The property is generally free of encumbrances with utility easements around the perimeter of 
the property. These easements are generally free of utilities with the exception of dry utilities 
along the west side of the property. 

Proposed development includes the construction of a commercial medical office building with 
associated parking and utilities.  
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Section C: MAJOR BASIN DESCRIPTIONS 

There are no major drainageways thru or adjacent to the property. By graphic plotting only the 
subject property is situated in flood zone "X" according to Flood Insurance Rate Map (FIRM) 
community panel no. 08041C0553G with an effective date of December 17, 2018. Zone X Flood 
Areas are “Areas determined to be outside the 100-year floodplain”.  The Site falls in the Middle 
Tributary Basin within the Falcon Drainage Basin. Receiving waters is the Falcon Drainage 
Basin. Major basin characteristics include a mixture of residential, commercial and open range 
land. There are no obstructions on the property that would affect the major basin drainage flow 
patterns. 
 
Drainage basin fees were paid when the property was platted.  
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Section D: SUB-BASIN DESCRIPTIONS 

In the existing / historic condition, site topography slopes from north to south at an average of 
3%. The easterly side of the site discharges to the roadside ditch of Meridian Road while the 
westerly side of the site discharges onto the adjacent property south. Offsite flow patterns have 
no impact on the property. Up-gradient flows are intercepted along the north property line and 
conveyed around the property via storm sewer. Historic sub-basins are described below: 

Basin Dn: This basin represents the adjusted historic basin D. Basin D is illustrated on the 
drainage map prepared for the Bent Grass East report and included in the appendix. Basin Dn 
is 82.9% of the original basin D area. Allowable runoff from Dn is adjusted from the allowable 
reported in the Bent Grass East report based upon the size percentage of the new Dn Basin. 
Basin Dn defines allowable flows to the roadside ditch of Meridian Road. Basin parameters are 
summarized as follows: 
 
Design Point       A 
Area        0.34 ac 
Percentage of original basin D 82.9 % 
Q5 Allowable      1.7 cfs 
Q100 Allowable     2.5 cfs 
 
Basin D1n: This basin represents the adjusted historic basin D1. Basin D1 is illustrated on the 
drainage map prepared for the Bent Grass East report and included in the appendix. Basin D1n 
is 68.2% of the original basin D1 area. Allowable runoff from D1n is adjusted from the allowable 
reported in the Bent Grass East report based upon the size percentage of the new D1n basin. 
Basin D1n defines allowable flows to Meridian Drive and thence to the existing detention and 
water quality facility. Basin parameters are summarized as follows: 
 
Design Point       B 
Area        0.43 ac 
Percentage of original basin D 68.2 % 
Q5 Allowable      2.0 cfs 
Q100 Allowable     3.4 cfs 
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Section E: DRAINAGE DESIGN CRITERIA 

1. Hydrologic Criteria 
Minor and major storm frequencies used in the design are 5 year for the minor, and 100 year for 
the major. Rainfall data was obtained from the Bent Grass East Commercial Phase 1 
Preliminary Drainage Report to provide continuity. Results are summarized below. 

Storm Frequency 
(Year) 

Rainfall Intensity 
(in/hr) 

5 5.10 
100 9.07 

   
The rational method was used, as described in MHFD manual, to calculate developed direct 
runoff for the 5-year and 100-year storm frequencies.  As the site is relatively small, a time of 
concentration value of 5 minutes is used for a conservative solution. Composite C values are 
calculated per MHFD criteria. 

The rational method equation (Q=CIA) is used to determine the maximum rate of runoff for each 
basin.  In which: 

Q= the maximum rate of runoff (cubic feet per second) 
C= the runoff coefficient  
I= the average intensity of rainfall for a duration equal to the time of concentration 
(inches/hour)  
A= basin area (acres) 

 
Water quality volumes are calculated using MHFD equations 3-1 and 3-2. Water quality 
discharge is calculated based upon 12 hour minimum drain time.  
 

2. Hydraulic Criteria  
 
Minor and major storm frequencies used in the design are 5 year for the minor, and 100 year for 
the major. The storm sewer pipes and inlets will be sized for the 100 year storm. 

3. Previous Reports and Studies 
The site was previously studied in a report entitled “Preliminary Drainage Report for Bent Grass 
East Commercial – Phase 1 (Preliminary Plan) and Final Drainage Report for Bent Grass East 
Commercial Filing No. 1 – Lot 1 (Final Plat),” prepared by Classic Consulting Engineers & 
Surveyors, approved March 15, 2013. 

The site was further studied in a report entitled “Dunkin Bent Grass Lot 1A of Bent Grass East 
Commercial Filing No. 2A 8035 Meridian Park Drive, Peyton, CO 80831 Final Drainage Report” 
prepared by M&S Civil Consultants, Inc, approved September 06, 2023. 
 
The Dunkin project has not been built to date thus the Bent Grass East report is used as a 
reference in this study.  
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In the Bent Grass East report, the Carubia site is shown in Basins D and D1. Subsequent re-plat 
has changed the property such that a portion of basins D and D1 are no longer contained within 
the site. New basins Dn (D new) and D1n (D1 new) are established to assist in runoff analysis. 
These new basins are compared by area to the original establishing a percentage of the original 
size. This percentage is then applied to the allowable runoff to determine compliance with the 
original report. Results are presented in the table below: 
 

Basin Area (Acres) Percentage of 
Original Basin 

Q5 (cfs) Q100 (cfs) 

D 0.41 100% 2 3 
D1 0.63 100% 3 5 
Dn 0.34 82.9% 1.7 2.5 

D1n 0.43 68.2% 2.0 3.4 
 
The Bent Grass East report further provides for detention and water quality for basin D1, while 
neither detention nor water quality are provided for basin D. The report calls for water quality 
only for basin D to be provided on-site. 
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Section F: FOUR STEP PROCESS 

1. Step 1 – Runoff Reduction 
Runoff reduction is achieved for a portion of the site. The roof area of basin E is routed via pipes 
to the top of the grass swale for infiltration in proposed Grass Swale C. Grass Swale C is for 
water quality only. Detention is not provided. The roof area of basin G is routed via pipes to the 
top of the grass buffer for infiltration into the landscape area shown as Grass Buffer J. The 
parking areas for basin F is surface discharge via 12” curb cuts with 10’ spacing O.C. through 
grass buffer F and existing Grass Swale G. 
 

2. Step 2 – Stabilization of Drainageways 
As no drainageways exist on the site, no stabilization is proposed.  
 

3. Step 3 – Stormwater Quality Capture Volume 
Stormwater Quality Capture Volume is provided for basins A, B, and C in the existing detention 
and water quality facility offsite to the southwest of the property. This pond is known as Pond 2 
designed with SF1411 and SF1412. Stormwater Quality Capture Volume is provided for basin 
E, F, G and OS-1 via Runoff Reduction. The table below illustrates water quality treatment for 
the site: 
 
Basin ID(s) PCM Trib. Area (ac)  PCM ID 
A,B,C    0.45   Pond 2 designed with SF1411 and SF1412 
E   0.12   WQ treatment via Runoff Reduction via Grass Swale C 
F and OS-1  0.07   WQ treatment via Runoff Reduction via Grass Swale G 

and RPA Grass Buffer F 
G     0.15   WQ treatment via Runoff Reduction via Grass Buffer J 
 
 
 

4. Step 4 – BMP’s for Commercial and Industrial Pollutants 
Industrial and commercial pollutants will be limited for the site. No industrial activities are 
proposed, and commercial activities are limited to a parking lot.  
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Section G: DRAINAGE FACILITY DESIGN 

1. General Concept 
The general drainage concept is to grade the site such that the original basin division line of 
basins D and D1 dividing runoff between flows east and west are more or less maintained. 
Basins A, B, and C are directed to the west to the adjacent street and conveyed southwesterly 
to the existing detention and water quality facility for the site known as Pond 2 designed with 
SF1411 and SF1412. Examination of aerial google photography indicates the pond is 
constructed. As discussed in E.3 above, the allowable runoff to pond 2 is 3.4 cfs 100 year. 
Runoff generated for the development in this report is 2.93 cfs 100 year indicating the pond is 
adequately sized for this development.  Basins E, F, and G are directed to the east to Meridian 
Road. Water quality will be provided in grass swale A for basin E with exclusion for basins F and 
G as noted in section F.3 above. 

2. Specific Details 
Site development is to be accomplished in a single phase. The site is divided into sub-basins to 
quantify flows at various locations in the site. Sub-basins are described as follows: 
 
Basin A: This basin represents paved parking area and landscape areas west of the proposed 
building. 100-year runoff is collected at a curb chase at the southwest corner of the basin and 
conveyed into Meridian Park Drive. Runoff is then conveyed to the detention and water quality 
pond 2 designed with SF1411 and SF1412 via surface flow and underground storm sewer. 
Basin parameters are summarized as follows: 
 
Area    0.21 ac 
Imperviousness 91 % 
C5     0.77 
C100    0.82 
Q5     0.82 cfs 
Q100    1.56 cfs 
 
Basin B: This basin represents paved driveway area northwest of the proposed building and 
landscape area along the east edge of Meridian Park Drive. 100-year runoff is discharged 
directly into Meridian Park Drive. Runoff is then conveyed to the detention and water quality 
pond 2 designed with SF1411 and SF1412 via surface flow and underground storm sewer. 
Basin parameters are summarized as follows: 
 
Area    0.08 ac 
Imperviousness 67 % 
C5     0.52 
C100    0.63 
Q5     0.21 cfs 
Q100    0.46 cfs 
 
Basin C: This basin represents paved parking, landscape, and driveway area southwest of the 
proposed building. 100-year runoff is directed out the proposed access offsite south of the 
property and discharged directly into Meridian Park Drive. Runoff is then conveyed to the 
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detention and water quality pond 2 designed with SF1411 and SF1412 via surface flow and 
underground storm sewer. Basin parameters are summarized as follows: 
 
Area    0.16 ac 
Imperviousness 67 % 
C5     0.52 
C100    0.63 
Q5     0.42 cfs 
Q100    0.91 cfs 
 
Basin E: This basin represents the roof of the proposed building and landscape areas south of 
the building. 100-year runoff is directed south into a proposed water quality grass swale. The 
roof drains exit at the top of the grass swale five feet from the building and directly into the grass 
swale. After treatment, stormwater is discharged via storm sewer into the roadside ditch 
adjacent to Meridian Road. Water quality is provided on site for this basin with Grass Swale A. 
Detention is not provided per the Bent Grass East report. Basin parameters are summarized as 
follows: 
 
Area    0.16 ac 
Imperviousness 81 % 
C5     0.66 
C100    0.74 
Q5     0.54 cfs 
Q100    0.96 cfs 
 
Basin F: This basin represents paved areas north of the proposed building. 100-year runoff is 
directed northeast to an existing curb cut. Runoff thence travels overland east to an existing 
culvert with discharge into the roadside ditch adjacent to Meridian Road. Water quality is not 
provided for this basin. Detention is not provided per the Bent Grass East report. Basin 
parameters are summarized as follows: 
 
Area    0.06 ac 
Imperviousness 95 % 
C5     0.81 
C100    0.85 
Q5     0.25 cfs 
Q100    0.44 cfs 
 
Basin G: This basin represents landscape areas east of the proposed building. 100-year runoff 
is directed east to the roadside ditch adjacent to Meridian Road. Formal water quality is not 
provided for this basin. However, since the basin is totally landscape area, de-facto water 
quality is achieved via the overland flow across a landscape area. Detention is not provided per 
the Bent Grass East report. Basin parameters are summarized as follows: 
 
Area    0.10 ac 
Imperviousness 5 % 
C5     0.02 
C100    0.15 
Q5     0.01 cfs 
Q100    0.14 cfs 
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As presented in section 3B above, proposed runoff rates are reduced from that anticipated in 
the original Bent Grass East report. The channel is fully vegetated and stable per google drive 
by photography. The flow entering the channel for the 100-year is 1.53 cfs. From the final 
Drainage Report for Bent Grass East Commercial Filing No. 2 (SF1411) the calculated 100-year 
flow from OS-3 is 11 cfs. Therefore, downstream facilities are assumed to be adequate to 
service the Carubia project. Summarized flow rates are presented below: 

Design Point 1 is a summation of flows entering Meridian Park Drive via overland flow. Basins 
A, B, and C are tributary to design point 1.  

Q5     1.46 cfs 
Q100    2.93 cfs 
Allowable Q5  2.0 cfs 
Allowable Q100 3.4 cfs 
 
Design Point 2 is a summation of flows entering the roadside ditch of Meridian Road. Basins E, 
F, and G are tributary to design point 2.  
 
Q5     0.80 cfs 
Q100    1.53 cfs 
Allowable Q5  1.7 cfs 
Allowable Q100 2.5 cfs 
 
A portion of the site is to be serviced by a new private grass swale located along the south side 
of the property. SCM Design – v4.01 is used to size the grass swale C. Maintenance of the 
grass swale will be by the property owner. 
Grass Swale Results are summarized below: 

Total Area for Design Point 6  5,023 sf 
UIA-A Area      4,046 sf 
RPA-C Area      780 sf 
SPA-D Area      197sf 
Imperviousness     81% 
Length of Swale     53 ft 
Bottom Width      10 ft 
Bottom Area      530 sf 
Side Slopes      4:1 
Longitudinal Slope    0.03 
2-year Discharge      0.5 cfs 
Flow Depth      0.08 ft 
Flow Area       0.8 sf 
Top Width       10.6 ft 
Hydraulic Radius     0.08 ft 
VR Product      0.05 sf/sec 
Manning’s n value     0.08 
Froude Number     0.07 
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Section H: OTHER GOVERNMENT AGENCY REQUIREMENTS 

Government approvals are limited to EL Paso County. 
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

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: El Paso County Area, Colorado
Survey Area Data: Version 22, Sep 3, 2024

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

Date(s) aerial images were photographed: Sep 11, 2018—Oct 
20, 2018

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Custom Soil Resource Report
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Map Unit Legend

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

19 Columbine gravelly sandy loam, 
0 to 3 percent slopes

0.7 100.0%

Totals for Area of Interest 0.7 100.0%

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

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

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

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
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.

Custom Soil Resource Report
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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.

Custom Soil Resource Report
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El Paso County Area, Colorado

19—Columbine gravelly sandy loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 367p
Elevation: 6,500 to 7,300 feet
Mean annual precipitation: 14 to 16 inches
Mean annual air temperature: 46 to 50 degrees F
Frost-free period: 125 to 145 days
Farmland classification: Not prime farmland

Map Unit Composition
Columbine and similar soils: 97 percent
Minor components: 3 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Columbine

Setting
Landform: Fans, fan terraces, flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium

Typical profile
A - 0 to 14 inches: gravelly sandy loam
C - 14 to 60 inches: very gravelly loamy 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 to very high (5.95 

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.5 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Ecological site: R049XY214CO - Gravelly Foothill
Hydric soil rating: No

Minor Components

Fluvaquentic haplaquolls
Percent of map unit: 1 percent
Landform: Swales
Hydric soil rating: Yes

Custom Soil Resource Report
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Other soils
Percent of map unit: 1 percent
Hydric soil rating: No

Pleasant
Percent of map unit: 1 percent
Landform: Depressions
Hydric soil rating: Yes

Custom Soil Resource Report
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2. Hydrologic Computations 
  Land Use Assumptions, C Values 

  Determination of Runoff Coefficients, Time of Concentration, Runoff Calculations 

  Peak Flow Rate Calculations 
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Perception Design Group, Inc.

6901 South Pierce Street, Suite 220 Designed by: JWD

Littleton, Colorado  80128 Date: 25-Jun-25

(303) 232-8088   Fax (303) 232-5255 Job Number: 2024-019

Project:  Carubia Dental

COMPOSITE RUNOFF COEFFICIENTS - TYPE A SOIL

ROOF PAVEMENT LANDSCAPING GRAVEL PATHS OPEN WATER NATIVE GRASS

Catchment Area (Ac.) Area (Ac.) Area (Ac.) Area (Ac.) Area (Ac.) Area (Ac.) Catchment Area Composite Imperviousness Composite C

Imperviousness = 95% Imperviousness = 95% Imperviousness = 20% Imperviousness = 60% Imperviousness = 100% Imperviousness = 5% (Ac.) %

A (5-Year) 0.00 0.20 0.01 0.00 0.00 0.00 0.21 91% 0.77

A (100-Year) 0.00 0.20 0.01 0.00 0.00 0.00 0.21 91% 0.82

B (5-Year) 0.00 0.05 0.03 0.00 0.00 0.00 0.08 67% 0.52

B (100-Year) 0.00 0.05 0.03 0.00 0.00 0.00 0.08 67% 0.63

C (5-Year) 0.00 0.10 0.04 0.00 0.00 0.00 0.14 75% 0.59

C (100-Year) 0.00 0.10 0.04 0.00 0.00 0.00 0.14 75% 0.69

To Ex Pond (5-Year) 0.00 0.35 0.08 0.00 0.00 0.00 0.43 81% 0.66

To Ex Pond (100-Year) 0.00 0.35 0.08 0.00 0.00 0.00 0.43 81% 0.74

E (5-Year) 0.09 0.00 0.03 0.00 0.00 0.00 0.12 76% 0.61

E (100-Year) 0.09 0.00 0.03 0.00 0.00 0.00 0.12 76% 0.70

F (5-Year) 0.00 0.07 0.00 0.00 0.00 0.00 0.07 95% 0.81

F (100-Year) 0.00 0.07 0.00 0.00 0.00 0.00 0.07 95% 0.85

G (5-Year) 0.04 0.00 0.00 0.00 0.00 0.11 0.15 29% 0.18

G (100-Year) 0.04 0.00 0.00 0.00 0.00 0.11 0.15 29% 0.34

OS1 (5-Year) 0.00 0.02 0.00 0.00 0.00 0.01 0.03 58% 0.43

OS1 (100-Year) 0.00 0.02 0.00 0.00 0.00 0.01 0.03 58% 0.56

To Meridian Rd (5-Year) 0.13 0.07 0.03 0.00 0.00 0.11 0.34 60% 0.45

To Meridian Rd (100-Year) 0.13 0.07 0.03 0.00 0.00 0.11 0.34 60% 0.58



Perception Design Group, Inc.

6901 South Pierce Street, Suite 220 Designed by: JWD

Littleton, Colorado  80128 Date: 25-Jun-25

(303) 232-8088   Fax (303) 232-5255 Job Number: 2024-019
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RUNOFF CALCULATIONS

(RATIONAL METHOD) Design Storm: 5-Yr.

Design Basin Area Runoff C*A Tc I Q=CIA

Point Desig. (Acres) Coefficient (min) (in/hr) (cfs)

3 A 0.21 0.77 0.16 5.0 5.10 0.82

4 B 0.08 0.52 0.04 5.0 5.10 0.21

1 C 0.14 0.52 0.07 5.0 5.10 0.36

Flow to Pond 1.40

6 E 0.12 0.61 0.07 5.0 5.10 0.37

7 F 0.07 0.81 0.06 5.0 5.10 0.29

5 G 0.15 0.18 0.03 5.0 5.10 0.14

OS1 0.03 0.48 0.01 5.0 5.10 0.07

Flow to Meridian Rd 0.80

Direct Runoff
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Project:  Carubia Dental

RUNOFF CALCULATIONS

(RATIONAL METHOD) Design Storm: 100-Yr.

Design Basin Area Runoff C*A Tc I Q=CIA

Point Desig. (Acres) Coefficient (min) (in/hr) (cfs)

3 A 0.21 0.82 0.17 5.0 9.07 1.56

4 B 0.08 0.63 0.05 5.0 9.07 0.46

1 C 0.16 0.63 0.10 5.0 9.07 0.91

Flow to Pond 2.93

6 E 0.12 0.70 0.08 5.0 9.07 0.76

7 F 0.06 0.81 0.05 5.0 9.07 0.44

5 G 0.15 0.34 0.05 5.0 9.07 0.46

Flow to Meridian Rd 1.67

Direct Runoff
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MANNING'S EQUATION

100-YEAR STORM

Contributing Pipe Location Q req'd Slope n Diam Q calc V (Full Flow) Friction

Basins Design Points (cfs) (%) (in) (cfs) (fps) Slope (%)

E Grass Swale C - DP2 0.76 5.41 0.013 18 24.50 0.43 0.01

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
For this swale (and Swale-G), please also show calcs to get 2-yr Discharge that is shown in Runoff Reduction calcs (inputted at 0.5cfs on PDF pg 41 below. 
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3. Grass Swale Computations 
 

SCM Site Layout 

RPA 6 Spreadsheet (Basin E) 

RPA 7 Spreadsheet (Basin F and OS-1) 

RPA 5 Spreadsheet (Basin G) 

  



Designer:
Company:

Date:
Project:

Location:

SITE LAYOUT INFO  (User Input in Blue Cells)
Water Quality Event (WQE) 0.60 inches

Outfall ID 6 5 7
Total Tributary Area (ft2) 5,541 6,141 4,822
Total Tributary Area (ac) 0.13 0.14 0.11

Imperviousness (%) 81.0% 5.0% 86.0%
MS4 Design Standard Runoff Runoff Runoff

SCM Type RPA RPA RPA
Notes:

OUTFALL RESULTS  
SCM Worksheet Name RPA_6 RPA_5 RPA_7

Untreated Area (ft3) 0 0 0
Default WQCV (ft3) 155 18 148

Optional Override WQCV (ft3)
WQCV Reduction (ft3) 130 18 143
Remaining WQCV (ft3) 25 0 6
WQCV Reduction (%) 84% 100% 96%

Design WQCV of SCM (ft3) 0 0 0
Pollutant Removal (ft3) 0 0 0
Untreated WQCV (ft3) 25 0 6

TOTAL SITE RESULTS  (Sums results from all Outfalls)
Total Site Area 16,504 ft2 0.38 acres

Treated Area 16,504 ft2 0.38 acres
Untreated Area 0 ft2 0.00 acres

Total Site Imperviousness 54.2% %
Default (or Override) WQCV 321 ft3 0.007 acre-feet

Remaining WQCV 30 ft3 0.001 acre-feet
WQCV Reduction 91% % Confirm with local jurisdiction whether design meets Runoff Reduction Standard

Design WQCV 0 ft3 0.000 acre-feet
Untreated WQCV 30 ft3 0.001 acre-feet

SCM Design, Version 4.01 (December 2024)
Site Layout

Carubia Dental

Jerry Davidson
Perception Design Group
June 19, 2025

8059 Meridian Park Dr.

SCM-Design-v4.01 - 2024-019 Carubia, Site Layout Sheet 1 of 7 6/19/2025, 5:25 PM

Glenn Reese - EPC Stormwater
SW - Textbox
Please thoroughly read through MHFD's Detail T-1 (linked to the right) and their guidance comments on every row throughout this spreadsheet in order to design a properly functioning RPA. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
I think this is a typo. Based on the UIA square footage of the RPA+SPA square footage versus the UIA is about 50% of the total. Please revise. 
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DESCRIPTION


T-1 	 RECEIVING PERVIOUS AREAS 
INCLUDING GRASS BUFFERS & SWALES


Receiving pervious areas (RPAs) reduce the volume of runoff through 
infiltration and wetting of soils/media with subsequent evapotranspiration. 
RPAs are commonly used as the first step in MHFD’s Four Step Process to 
disconnect impervious area and provide opportunities for filtration and 
infiltration of runoff, while conveying runoff to other SCMs. RPAs are integral 
to Low Impact Development and Green Infrastructure approaches. When 
properly sized, RPAs including grass buffers and swales can partially (as 
part of a treatment train) or fully satisfy the Runoff Reduction Standard in 
MS4 permits. These types of SCMs are not generally capable of meeting 
the WQCV or Pollutant Removal Standards in the MS4 permits due to the 
transient storage volumes and generally low hydraulic residence times of 
runoff in these SCMs.


While all of these practices rely on vegetation and soils to infiltrate runoff, 
design procedures vary depending on whether the SCM is a buffer or swale. 


RPAs include grass buffers, swales and other small landscaped areas receiving 
runoff from roof or hardscape areas that promote infiltration of runoff and are 
wetted in the water quality design event. 


Grass buffers are densely vegetated strips of grass designed to accept sheet 
flow from upgradient developed areas. Properly designed grass buffers 
enable infiltration and play a key role in slowing runoff. Grass buffers provide 
filtration (straining) of sediment. Buffers differ from swales in that they are 
designed to accommodate overland sheet flow rather than concentrated or 
channelized flow. 
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1) INLET      
 


2) LEVEL SPREADER SLOTTED CURB


3) VERTICAL STEP 
 
4) VEGETATION


5) UNDERDRAIN


6) PROTECTIVE FEATURES


Figure RPA-1. Grass Buffer and Grass Swale Components


RECEIVING PERVIOUS AREAS
MS4 Permit Applicability (Dependent 
on design and level of treatment) 
Meets Runoff 
Reduction Standard


Potential


Meets WQCV Capture 
Standard


No


Meets Pollutant 
Removal Standard


No


Typical Effectiveness for Targeted 
Pollutants
Sediment/Solids High
Total Phosphorus Low-Medium1


Total Nitrogen Low
Total Metals Medium
Bacteria Low
Common Applications 
Runoff Reduction 
(General)


Yes


Used for Pretreatment Yes
Integrated with 
Flood Control


No


1 Concentration reduction is typically low, but 
load reduction can be more significant due to 
volume reduction.


TABLE RPA-1. RPA OVERVIEW
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Grass swales have dense vegetation and broad cross-sections that convey concentrated flow in a slow and shallow 
manner, facilitating infiltration, sedimentation, and filtering (straining) while limiting erosion. Check dams may be 
incorporated into grass swales to flatten steep slopes and reduce velocities to encourage settling and infiltration. 
Although swales carry concentrated flows, they are included in this fact sheet as RPAs because of infiltration that 
occurs in the swale bottom during conveyance and embankments that can act as lateral flow grass buffers.


SCM COMPONENTS
The primary components of RPAs are the inflow distribution feature and the vegetated pervious area. Components of 
grass buffers and grass swales are illustrated in Figure RPA-1. Other RPAs are simply adaptations of buffers or swales 
and share the same general components.


Because RPAs are based on infiltration of runoff, distribution of the runoff from the upgradient watershed evenly 
across the vegetated surface is critical. Runoff must be able to flow freely into the SCM from the tributary impervious 
area; therefore, the inflow distribution system must be designed to avoid excessive accumulation of sediment and 
allow for maintenance that includes removal of accumulated sediment. Level spreaders are commonly used to achieve 
uniform distribution of runoff to these types of SCMs and are discussed in detail in Section 5.0 SCM Inflow Features of 
this chapter. 


 The vegetated RPA must be planned and designed to allow for infiltration of runoff (in some cases, a significant 
fraction of the WQCV), while avoiding standing water for prolonged periods. A minimum vegetation density of 80% 
is required for RPAs to function as intended. Guidance on selecting vegetation is provided in Section 7.0 of this 
chapter. Healthy topsoil is critical for the dense vegetation needed for RPAs to properly function. See MHFD’s Topsoil 
Management Guidance for information on soil management, testing, and amendments. In some cases, an underdrain 
may be needed to avoid prolonged standing water, depending on soils, depth to groundwater, and topography of the 
RPA.


TABLE RPA-2. RPA COMPONENTS


COMPONENT INTENT GRASS 
SWALE


GRASS 
BUFFER


OTHER 
RPAS


Inlet Allows stormwater to enter the SCM. Yes Yes Yes


Level Spreader
(Sheet Flow Inlet)


Spreads flow and maximizes infiltration and 
pollutant removal.


 Yes 
(some cases) Yes


Yes 
(or similar 
function)


Vertical Drop


Provides a small drop to ensure that flow 
can enter the SCM,  even when a buildup of 
sediment or vegetation is present. This is also 
the primary location for sediment removal.


Yes Yes Yes


Vegetation
Slows runoff and provides pollutant removal 
through volume reduction, pollutant uptake and 
straining.


Yes Yes Yes


Underdrain
Minimizes prolonged standing water. Ensures 
desired vegetation is not stressed due to 
excessive moisture. Supports maintenance.


Yes 
(with very 


mild slopes 
such as  <2%)


Not typical Not typical


Protective 
Features


Minimizes compaction and disturbance over 
time. Yes Yes Yes







Treatment SCMs	 Chapter 4  |  T-1 Receiving Pervious Areas


Mile High Flood District  |  Urban Storm Drainage Criteria Manual Volume 3� March 2024   |                .3 of 15


BENEFITS OF 
RECEIVING 
PERVIOUS AREAS
• 	 Reduction in runoff rate 


and volume.


•	 Delay in time to peak.


•	 Potential reduction of 
the storm drain systems 
in upper portions of a 
watershed.


•	 Easily integrated into 
treatment train with 
other SCMs.


•	 Stormwater features 
are integrated with 
landscaping.


•	 Maintenance is 
straightforward and 
consistent with routine 
landscape practices. 


LIMITATIONS 
OF RECEIVING 
PERVIOUS AREAS
•	 Irrigation is typically 


required, although 
may be reduced for 
native grasses once 
established.


•	 May not be appropriate 
in areas with high 
sediment, trash, or 
debris loading.


•	 Space may not be 
available to fully 
meet the MS4 Runoff 
Reduction Standard.


•	 Damage from adjacent 
vehicular traffic may 
occur if protection is not 
provided.


SITE CONSIDERATIONS
Grass buffers, grass swales, and other types of RPA can be integrated on 
many sites across the spectrum from low density to urban development. 
These SCMs are generally best suited for sites with low to moderate 
slopes but can be used on steeper sites when grade control measures are 
implemented such as terracing for buffers or check dams for swales. RPAs can 
be incorporated on almost any site by directing runoff to landscaped areas. 
For lower density sites, this could include directing downspouts to lawn areas, 
sloping hardscape areas to sheet flow to vegetated areas, and using buffers 
and swales. For more urban sites, RPAs may include vegetated planters. 
Permeable pavements can also function as RPAs but are more commonly 
designed to store the WQCV.   


Grass swales can serve as an important part of the conveyance network 
for a development, while also promoting infiltration and filtration of runoff. 


Photograph RPA-2. RPAs including grass buffers and swales treat runoff by filtering 
and infiltration. For treatment to be effective, grass buffers must receive runoff as sheet 
flow. Photo: WWE.


Photograph RPA-1. Grass buffers are often used in conjunction with grass swales as 
a treatment train. These pervious areas also help reduce heat island effects in urban 
areas. Photo: Muller Engineering.
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COMMUNITY VALUES
RPAs including grass buffers and swales are adaptable SCMs that can be integrated into many different landscapes 
in a distributed manner to provide runoff reduction benefits while also providing attractive, enjoyable, usable, and 
sustainable green space for the community. Key considerations for creating RPAs that provide value to the surrounding 
community include:


•	 Design RPAs to complement the other functions of the site. Consider how RPAs relate to viewsheds, pedestrian 
and bike circulation, social gathering areas, and other site uses and design RPAs to complement these uses. For 
example, a vegetated buffer strip on the downgradient side of a bike path can be designed as a linear RPA to 
infiltrate much of the runoff from the path from frequently occurring events.


•	 Integrate drainage and landscape design to distribute RPAs across a site. RPAs are distributed SCMs and are most 
effective when implemented throughout a site as a part of integrated drainage and landscaping plans. Many types 
of RPAs can be designed to be indiscernible from the surrounding landscape, except during shallow, short-term 
ponding during rainfall events. Add interest to RPAs by creating dynamic landforms through the use of curves and 
variations in side slopes. Even slopes intended to drain by sheet flow can have subtle variations to create visual 
interest. 


•	 Consider native vegetation for water conservation. The selection of native versus non-native turf grasses for a RPA 
should be a conscious decision based on which type best meets objectives for the site usage and surroundings 
as well as runoff reduction and water quality objectives for the site.  Irrigated turf, such as Kentucky bluegrass, is 
a more durable surface for areas where there is foot traffic or in recreational areas. Irrigated turf grass provides a 
manicured appearance that complements certain urban and suburban aesthetics. However, non-native, irrigated 
turf grasses require more water, frequent mowing, fertilizing, and weed control.


	 Native grass turf areas provide wildlife habitat and create a ‘regional’ natural aesthetic.  Pollinator plants can be 
seeded in with the native grasses to provide additional environmental benefit. Compared to irrigated bluegrass, 
native grasses and pollinator plants require much less water and have fewer maintenance, fertilizer, and weed 
control needs once established. During establishment, irrigation is required to achieve required vegetation density 
in a timely manner. In many settings, native turf grasses are a more sustainable option than non-native, irrigated 


Incorporating the existing ephemeral stream network of an undeveloped watershed into a development as a system of 
shallow stabilized swales can have significant runoff reduction benefits. In other cases where impacts to the low-order 
stream network cannot be avoided, the natural system can be mimicked by using swales rather than pipes for the 
minor drainage collection system.


Photograph RPA-4. Grass buffers can be used to manage 
runoff from parking lots, multi-use paths, roadways, or roof 
areas, provided the flow is distributed in a uniform manner over 
the width of the buffer. Native grasses provide a more natural 
appearance. Photo: WWE.


Photograph RPA-3. This grass swale provides treatment of 
runoff from a parking lot, portions of the building, and sidewalks 
at a healthcare facility.  Photo: WWE.
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MAINTENANCE
RPAs including grass buffers and swales require maintenance of vegetation and periodic removal of sediment. During 
design, identify where and how sediment will be removed. See Chapter 6 for detailed maintenance requirements for all 
SCMs. During design, consider the following to facilitate maintenance over the long-term:


•	 Incorporate a “blind swale,” which can be a gutter section or a pervious linear depression running along the 
upgradient side of the level spreader, to distribute flow along the spreader and facilitate sediment deposition. 
This can enable collection and removal of sediment without impeding the ability of the level spreader to function 
between maintenance cycles. (See Figure 4-10 in Section 5.1.3 of this chapter for an example.)


•	 Consider an underdrain system if there are concerns about excessively wet areas that could cause rutting and 
damage to the vegetation during mowing operations. See Section 4.3.3 Underdrain Systems in this chapter for 
guidance and criteria on underdrains.


•	 Provide suitable topsoil based on recommendations in MHFD’s Topsoil Management Guidance. Good topsoil and 
healthy vegetation will reduce the extent of maintenance required for weed control and will avoid having areas with 
unhealthy vegetation susceptible to erosion.


•	 Design and adjust the irrigation system (temporary or permanent) to provide water in amounts appropriate for the 
selected vegetation at the appropriate irrigation frequencies. Irrigation needs will change from month to month 
and year to year. For RPAs with native vegetation, temporary irrigation is typically required to establish suitable 
vegetation density. Avoid over-irrigation, which can result in ponding and limit infiltration capacity. See Section 7.0 
of this chapter for more information on irrigation requirements.


•	 Provide access for mowing equipment and design side-slopes flat enough for the safe operation of equipment.


•	 Consider the use and function of other site features so that the SCM fits into the landscape in a natural way. This 
can encourage upkeep of the area, which is particularly important in residential areas where a loss of aesthetics 
and/or function can lead to homeowners modifying SCMs. 


•	 Protect pervious areas from vehicular traffic when implemented adjacent to roadways. This can be done with a 
slotted curb (or other type of barrier) or by constructing a reinforced grass shoulder as discussed in Section 5.0 
SCM Inflow Features in this chapter. Signage can also be provided in lieu of a physical barrier.


turf grasses. Sod-forming native grasses are preferred over bunch grasses. See Section 7.0 of this chapter for 
additional considerations related to vegetation selection.


Photograph RPA-5. Grass buffers are well suited for use in 
riparian zones to assist in stabilizing channel banks adjacent to 
major drainageways and receiving waters.


Photograph RPA-6. Dense vegetation in this 5% sloping swale 
provides the roughness to resist erosion and slow, filter, and 
infiltrate runoff. Photo: Muller Engineering.
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•	 Consider impacts of snow storage on vegetation and designate an area for snow storage outside of the RPA. 
Additional maintenance of vegetation is often required when vegetation receives runoff from snowmelt containing 
salt and sand in the winter. 


•	 Consider providing pet waste disposal stations and signage in areas frequented by dog owners.


•	 If the RPA is used to meet post-construction MS4 permit requirements, local governments may have specific 
requirements for RPAs to be covered by drainage easements or other legal agreements so that these areas are not 
modified over time.


DESIGN PROCEDURES & CRITERIA
Table RPA-3 provides a summary of design criteria, and the following steps outline the procedure for quantifying 
stormwater runoff reduction associated with RPAs. The criteria in Table RPA-3 and the steps below are applicable to 
all types of RPAs including grass buffers and swales. Additional criteria specific to buffers and swales are provided 
following the criteria applicable to all types of RPAs.  The SCM Design workbook available on the MHFD website can be 
used to quantify runoff reduction for RPAs and can help with sizing grass buffers and swales to achieve specific runoff 
reduction objectives.


DESIGN PROCEDURE AND CRITERIA FOR ALL RPAS


The following steps provide design criteria and procedures applicable to all RPAs: 


1. 	 Apply Four-cover Land Use Model to Site Layout:  Identify areas of directly connected impervious area (DCIA), 
unconnected impervious area (UIA), RPA, and separate pervious area (SPA) as stormwater management plans are 
developed for a site in accordance with Chapter 3. Look for opportunities to direct impervious areas to vegetation 
and to integrate RPAs with landscaping. For grass buffers, define a UIA:RPA pair where the pervious area receives 
stormwater from the UIA in a distributed manner that wets the entire width of the RPA.  For grass swales, the RPA 
should only include the bottom area of the swale which receives concentrated flow from multiple upstream areas 
(DCIA, UIA:RPA pairs, and SPA). Grass swale embankments should be defined as SPA unless there is lateral inflow 
from an impervious surface in which case they can be treated as a grass buffer and defined as a UIA:RPA pair.


2.	 Protect the RPA from Traffic:  The RPA must be protected from vehicular traffic. A slotted curb can be used for this 
purpose. See Section 5.0 SCM Inflow Features in this chapter for guidance and criteria on inflow configurations for 
RPAs.


Photograph RPA-7. RPA in multi-family residential 
neighborhood. Sign warns of periodic flooding which helps 
establish expectations for periodic temporary ponding, while 
providing a safety warning. Photo: WWE.


Photograph RPA-8. Post signage to protect RPAs from vehicular 
traffic if there is not a barrier between the parking or roadway 
and the RPA. Photo: Nancy Styles.
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3.	 Characterize On-site Topsoil and Determine Suitability for the RPA: The NRCS Web Soil Survey is a good resource 
for an initial investigation of site soils. However, only soil sampling and testing will confirm the actual NRCS 
Hydrologic Soil Group (HSG). Inexpensive laboratory tests quantify particle size based on sieve and hydrometer 
analyses to determine sand gradation and percent sand, silt, and clay for texture determination, and include 
agronomic tests for organic content, pH, salinity, and nutrients. MHFD recommends onsite topsoil sampling and 
testing as a standard of practice on every project. It is essential to characterize soil conditions to identify locations 


TABLE RPA-3. DESIGN PARAMETERS FOR RPAS INCLUDING GRASS BUFFERS AND SWALES
DESIGN 
PARAMETERS DESCRIPTION, GUIDANCE, AND CRITERIA


Area of UIA


UIA should be approximately 1 acre or smaller for grass buffers, although larger areas may be 
applicable with proper grading and flow distribution to the RPA. Flow bypass and/or multiple level 
spreaders may be needed for larger areas.  Grass swales can convey runoff from larger areas, but 
runoff reduction is limited by the saturated hydraulic conductivity of the swale bottom.  Therefore, 
runoff reduction in swales decreases with increasing tributary area. 


Wetted Area 
of the RPA 
and Flow 
Characteristics


Grass buffers must receive evenly distributed flow (sheet flow) from the UIA. Consider only the 
wetted area directly within the flow path when delineating the RPA. For swales, only the bottom 
width is considered RPA when evaluating concentrated flow through the swale.  The embankments 
of grass swales should be defined as SPA unless there is lateral inflow from an impervious surface 
in which case it can be treated as a grass buffer and defined as a UIA:RPA pair. See the design 
procedure for additional criteria and considerations for swales and buffers. 


Vegetation of 
RPA


RPA vegetation (from seed, sod, or plugs) should form a turf with a uniform density of at least 80%. 
Non-native turf grasses such as Kentucky bluegrass are often used in manicured areas but require 
more irrigation than native turf grasses. Where a more natural look is desired, use dense native 
turf-forming grasses. Depending on anticipated flows, consider erosion control measures until 
vegetation is established. Mulch, gravel, and any materials that can be washed away easily should 
not be used for the RPA.


Interface 
between UIA 
and RPA


The RPA must be protected from vehicle traffic, and the interface between the UIA and the RPA 
must provide a vertical drop to allow runoff to flow freely from UIA to RPA as sediment and grasses 
build up over time. 


Length-to-
Width Ratio of 
UIA:RPA pair


SWMM modeling for evaluating grass buffer runoff reduction was limited to a length-to-width ratio 
of the UIA:RPA pair between 0.06 and 16.0. When evaluating grass buffers outside of these limits, 
results may vary. There are no length-to-width ratio criteria for grass swales although shallower flow 
increases infiltration capacity.  


Slope of RPA


The slope of a grass buffer should be no greater than 3:1 (H:V). Grass swale slopes must maintain 
positive drainage while limiting velocities to non-erosive levels. For native turf grass RPAs, consider 
using milder slopes to reduce the potential for erosion while the native grasses are becoming 
established.


UIA:RPA ratio
The recommended maximum UIA:RPA ratio is 10:1. Ratios greater than this may be appropriate 
if pretreatment and level spreaders in series are provided. Consider pretreatment as the ratio of 
UIA:RPA increases. 


Soil Type and 
Preparation


The topsoil and underlying soils of the RPA affect infiltration characteristics and the density and 
health of vegetation. Perform a gradation test to ensure assumptions are accurate, especially when 
quantifying runoff reduction in HSG A and B soils. See MHFD’s Topsoil Management Guidance for 
information on soil types, soil management, testing, and preparation.


Irrigation


Provide temporary or permanent irrigation systems, depending on the type of vegetation selected. 
Adjust irrigation application rates and schedules throughout the establishment and growing season 
as appropriate to meet the needs of the selected plant species. Initially, native grasses have similar 
irrigation requirements to bluegrass. After the grass is established, irrigation requirements for native 
grasses can be reduced. 
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that are well suited to serve as RPA and to determine appropriate 
amendments where RPA is planned (some local governments may also 
require proof of soil conditions/amendment in landscaped areas for water 
conservation reasons). 


	 Soil characterization is also required to ensure runoff reduction 
calculations discussed in subsequent sections use appropriate soil type 
parameters and coefficients. Plot the percent sand, silt, and clay of each 
sample on a USDA soil triangle and use this to confirm soil texture and 
HSG. Table RPA-4 indicates HSG based on percent sand, silt, and clay 
according to the NRCS National Engineering Handbook (USDA 2009). 
Based on the results of on-site soil sampling and testing, refer to Table 
RPA-4 to select the most suitable soil from the site for use in the RPA. 
See MHFD’s Topsoil Management Guidance for additional information 
on preserving topsoil and providing amendments as needed to create a 
healthy medium for vegetation to grow.


4.	 Select Appropriate Vegetation: Modeling supporting the calculations in 
this fact sheet assume all RPA is vegetated. RPA vegetation should be turf 
grass with a uniform density of at least 80%. Seed or sod is acceptable 
and plugs may provide quicker establishment compared to seed. When 
selecting a seed mix, consider using all turf grasses or a combination of 
turf and bunch-forming grass to produce uniform density of 80%. Grass 
buffers can be dryer than grass swales so selecting the appropriate seed 
mix is important. See the Revegetation chapter in Volume 2 for guidance 
and consult with a qualified landscape architect or ecologist to confirm 
the appropriate mixes and seeding locations of the mixes in natives areas. 
Irrigation is required for establishment of vegetation, and supplemental 
irrigation may be necessary during extended dry periods once vegetation 
is established and to maintain a healthy turf.


GRASS BUFFER ADDITIONAL DESIGN PROCEDURE AND CRITERIA


Previously described criteria outlined above for all RPAs are required for 
grass buffers. Additional procedures and criteria specific to designing grass 
buffers include:


1. 	 Define the UIA:RPA pair, Ratio, and Interface Width:  When delineating 
UIA:RPA pairs only include pervious area directly receiving stormwater 
that wets the entire width of the RPA. Do not include areas receiving 
concentrated flow as RPA since these criteria assume uniform sheet flow 
across the wetted portion of the RPA. Use a level spreader at the UIA:RPA 
interface when flows from the UIA are concentrated. Section 5.0 SCM 
Inflow Features in this chapter provides guidance and criteria for design of 
level spreaders. 


FLEXIBILITY 
TO FIT SITE 
CONSTRAINTS
Grass buffers, swales, 
and other types of RPAs 
provide some benefit in 
volume reduction and 
pollutant removal even 
when the geometry of the 
SCM does not meet the 
criteria provided in this 
Fact Sheet. These criteria 
provide a design procedure 
that should be used when 
possible; however, when site 
constraints are limiting, grass 
buffers, swales, and RPAs 
designed for stability are still 
encouraged. 


1 Consider these values approximate as hydrologic soil groups are not exclusively determined by gradation.


TABLE RPA-4. PERCENT SAND, SILT, AND CLAY FOR HSG A THROUGH D1


HSG % SAND % CLAY % SILT
A > 90 < 10 0 – 10
B 50 – 90 10 – 20 10 – 50
C < 50 20 – 40 0 – 100
D < 50 > 40 0 – 60







Treatment SCMs	 Chapter 4  |  T-1 Receiving Pervious Areas


Mile High Flood District  |  Urban Storm Drainage Criteria Manual Volume 3� March 2024   |                .9 of 15


	 UIAs should be approximately 1 acre or smaller for grass buffers, although 
larger areas may be applicable with proper grading and flow distribution 
to the RPA. The recommended maximum UIA:RPA ratio is 10:1. If a 
level spreader and grass buffer system are used to treat concentrated 
discharge from a larger drainage area, provide a bypass system for flood 
flows to avoid creating erosive velocities within the buffer. 


	 Measure the interface width, where uniform sheet flow passes from the 
UIA onto the RPA. Divide the total area (UIA+RPA) by the interface width 
to determine the total flow path length. The resulting length-to-width 
ratio (L:W ratio, flow path length divided by interface width) is used to 
evaluate runoff reduction with respect to travel time across the RPA. The 
SWMM modeling supporting these criteria was limited to a L:W ratio of 
the UIA:RPA pair between 0.06 and 16.0. Therefore, MHFD’s SCM Design 
workbook is constrained to length-to-width ratios within this range. 


2.	 Buffer Length: The length of the buffer is the measure of the vegetated 
surface in the direction parallel to flow. While there are no minimum 
length requirements for buffers, the runoff reduction and pollutant 
removal benefits of buffers increase as the total wetted area increases. 
For very long buffers and/or for buffers on steep slopes, additional level 
spreaders may be needed along the buffer length to avoid concentration 
of flow. Design of Level Spreaders to Treat Stormwater Runoff (Hunt et 
al. 2001) provides guidance on calculations for evaluating buffer length 
limitations and the number of level spreaders needed for longer buffers 
or those on steeper slopes.


3.	 Buffer Slope: The design slope of a grass buffer in the direction of flow 
must be mild enough to avoid erosion and to allow for infiltration, while 
still allowing for positive drainage to avoid problems with standing water. 
Generally, a minimum slope of 2% or more is adequate to facilitate 
positive drainage for turf grasses. Grass buffers should not exceed a 
3:1 slope. For native turf grass RPAs, consider using milder slopes to 
reduce the potential for erosion while the native grasses are becoming 
established. For buffers with higher UIA:RPA ratios and steeper slopes, 


TIERED LEVEL 
SPREADER-
BUFFER SYSTEMS
If the calculated buffer 
width is more than 100 feet, 
tiered level spreader-buffer 
systems can be used to 
design wider buffers, while 
still providing for even sheet-
flow distribution across the 
width of the buffer.


Photograph RPA-9. Grass buffer provides an opportunity for filtration and infiltration 
of roof runoff and disconnects impervious area of roof from inlet to storm drainage 
system.







Treatment SCMs	 Chapter 4  |  T-1 Receiving Pervious Areas


                |   March 2024	 Mile High Flood District  |  Urban Storm Drainage Criteria Manual Volume 310 of 15


	 Calculate the volume of runoff from the UIA:RPA pair by multiplying the watershed inches determined in Equation 
RPA-1 by the total area of the UIA:RPA pair as shown in Equation RPA-2:


	 VUIA:RPA  =  	            AUIA:RPA									                       Equation RPA-2	


	 Where:


	 VUIA:RPA = Volume of runoff from UIA:RPA pair (ft3)


	 AUIA:RPA = Area of UIA:RPA pair (ft2)


6.	 Compare Runoff from UIA:RPA Pair to Runoff from UIA Only: Calculate the runoff from the UIA by assuming 
impervious area depression storage of 0.1 inches. 


	 VUIA  =	                 AUIA									                       Equation RPA-3	


calculations may be needed to evaluate buffer stability. Design of Level Spreaders to Treat Stormwater Runoff 
(Hunt et al. 2001) provides guidance on permissible velocity calculations for evaluating potential for erosion.


4.	 Provide a Vertical Drop:  Provide a minimum vertical separation of 3 inches between the UIA and RPA at their 
interface. Where pedestrian or vehicular traffic is of concern, the drop can be sloped from the edge of the 
impervious surface to the buffer using #57 stone underlain with geotextile separator fabric. Limit the drop to no 
more than 6 inches. The drop is required to ensure positive drainage from the UIA to RPA as vegetation becomes 
established


5.	 Calculate Runoff for the UIA and RPA Pair: In the MHFD region, the precipitation depth associated with the WQCV 
event is 0.6 inches. For areas outside of the Denver Metro region, the precipitation depth for the WQCV event may 
differ. The Runoff Reduction calculations in MHFD’s SCM Design workbook are not applicable for precipitation 
depths less than 0.25 inches or greater than 0.95 inches. For evaluating greater rainfall depths, CUHP and SWMM 
should be applied. Calculate the total runoff from each UIA:RPA pair using Equation RPA-1 (Piza and Rapp 2018):


	 Q = C0 + C1 (0.95 - P2) + C2 (A) + C3 (L:W) + C4 (S) + C5 (I) + C6 (I2) � Equation RPA-1


	 Where:


	 Q = Runoff from the UIA:RPA pair (watershed inches)


	 P2 = Precipitation for the Water Quality Event (WQE) over 2 hours (inches)


	 A = Total Area of UIA:RPA pair = Area of UIA + Area of RPA (ft2)


	 L:W = Ratio of total flow length to interface width


	 S = Average overland slope (ft/ft)


	 I = Imperviousness of UIA:RPA pair = UIA/(UIA + RPA), expressed as a decimal


	 Cx = Regression coefficients, see Table RPA-5.


[     ]Q
12


[           ]P2-dstore


12


TABLE RPA-5. COEFFICIENTS FOR QUANTIFYING RUNOFF FROM UIA:RPA PAIR FOR RUNOFF REDUCTION 
ANALYSIS (PIZA AND RAPP 2018)


HYDROLOGIC 
SOIL GROUP


CONSTANT
C0


PRECIP, 
P2 (IN), C1


AREA (AC), 
C2


L:W, C3


SLOPE 
(FT/FT), C4


IMPERV., 
C5


IMPERV., 
C6


A 0.581 -0.779 -3.34×10-07 -0.00193 0.0703 -2.49 2.64
B -0.0777 -0.925 -2.45×10-07 -0.00145 0.0502 -0.0136 0.924


C/D -0.0113 -0.899 -2.68×10-07 -0.00157 0.0545 0.355 0.464
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	 Where:


	 VUIA = Volume of runoff from UIA (ft3)


	 P2 = Precipitation for WQE over 2 hours (in)


	 dstore = Impervious area depression storage (in), assume 0.1 for most 
impervious surfaces


	 AUIA = Area of UIA:RPA (ft2)


	 The difference between this value (VUIA) and VUIA+RPA from Equation RPA-2 
is the runoff reduction associated with the UIA:RPA configuration. The 
percentage reduction in runoff can be calculated as:


	 %Runoff Reduction =  				               Equation RPA-4[           ]VUIA-VUIA:RPA


VUIA


HOW MUCH IS 
ENOUGH?
When using RPA as 
stand-alone treatment 
for the WQCV, some 
MS4 permits require a 
certain percent runoff 
reduction (e.g., 60%) of 
what the calculated WQCV 
would be if all impervious 
area for the applicable 
development site discharged 
without infiltration. 
Some municipalities 
may have more stringent 
requirements. Regardless, 
downstream SCMs may still 
be required to meet permit 
conditions and MHFD’s SCM 
Design workbook can help 
size those while accounting 
for volume reduction 
utilizing this method.  Use 
Table RPA-6 for a quick 
reference when initially 
sizing RPAs to reduce 60% 
or 100% of the WQCV.


GRASS SWALE ADDITIONAL DESIGN PROCEDURE AND CRITERIA


Grass swales are important SCMs for conveying runoff from a site through a 
vegetated, pervious flow path. Swales slow down runoff, promote infiltration, 
and extend the time of concentration of the watershed, thereby reducing 
the rate, volume, and frequency of runoff produced by a watershed. When 
designed for shallow depths with dense vegetation, grass swales may aid in 
achieving the MS4 Permit Runoff Reduction Standard for a site. Even when 
designed primarily for conveyance purposes (e.g., somewhat higher velocities 
and depths), swales help to dampen the runoff response and filter and 
infiltrate runoff. Swales provide the types of benefits envisioned by Step 1 of 
MHFD’s Four Step Process.


Criteria outlined above that apply to all RPAs are required for grass swales. 
Additional procedures and criteria specific to designing grass swales for runoff 
reduction and swale stability include:


1. 	 Delineate Areas Tributary to Swale:  Identify the area tributary to the 
swale during the water quality event.  This may include any combination 
of upstream DCIA, UIA:RPA pairs, and SPA. The swale RPA should only 
include the bottom area of the swale which receives concentrated flow 
from multiple upstream areas.  This bottom area will be used to calculate 
the runoff reduction in the swale.  Swale embankments should be defined 
as SPA unless there is lateral inflow from an impervious surface in which 
case they can be treated as a grass buffer and defined as a UIA:RPA pair 
tributary to the swale.


2.	 Swale Inflows:  Provide a sediment pad or forebay at the entrance to the 
swale to facilitate maintenance as shown in Figure 4-10 of Section 5.1.3. 


1 Based on WQCV precipitation of 0.6 inches and slopes up to 33%.


TABLE RPA-6. QUICK REFERENCE SIZING FOR RPAS, INCLUDING GRASS 
BUFFERS


HSG
REQUIRED UIA:RPA RATIO1


60% WQCV REDUCTION 100% WQCV REDUCTION
A 7.2:1 3.7:1
B 3.4:1 1.9:1


C/D 2:1 1:1
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Locating a vertical drop where inflow meets the sediment pad allows for 
sediment accumulation where it is intended without impeding inflow. See 
Section 5.0 SCM Inflow Features for more ideas at the inlet.


3.	 Swale Cross Section:  The swale cross section should be trapezoidal with 
side slopes not exceeding 4:1 (horizontal: vertical), preferably flatter. Fit 
the swale into the site by varying the swale alignment and side slopes 
and avoid linear, prismatic designs to the extent practical unless the 
application is in a highway environment. Trapezoidal swales with wide 
bottoms maximize the wetted perimeter. Per Table RPA-3, it is only 
the bottom area of the trapezoid that is considered RPA in quantifying 
volume reduction.


4.	 Longitudinal Slope:  Establish a longitudinal slope that will maintain 
positive drainage while limiting velocities in the swale to non-erosive 
levels. Typically, positive drainage for a swale can be achieved with 
a minimum longitudinal slope of 2%. MHFD recommends using an 
underdrain when swales have longitudinal slopes less than 2% to minimize 
the potential for standing water and nuisance conditions. See Section 
4.3.3 Underdrain Systems of this chapter for additional information on 
underdrains for grass swales. Flow discharged from underdrains cannot 
be considered in runoff reduction calculations. Therefore, MHFD’s SCM 
Design workbook is not appropriate for quantifying runoff reductions for 
swales using underdrains. Use check dams as needed to accommodate 
steeper site constraints. Commonly used check dam materials include 
rock, riprap, concrete, and vegetated earth (MPCA 2023; Davis, Hunt and 
Traver 2022). Provide energy dissipation downstream of each check dam 
when using these grade control structures.


5.	 Calculate Runoff from Tributary Area:  In the MHFD region, the 
precipitation depth associated with the WQCV event is 0.6 inches. For 
areas outside of the Denver Metro region, the precipitation depth for the 
WQCV event may differ. The Runoff Reduction calculations in MHFD’s 


BIOSWALES
In some cases, engineers 
may design “bioswales” 
that incorporate more 
diverse, often hydrophytic, 
vegetation and enhanced 
landscaping features. 
These types of swales can 
provide an enhanced level 
of water quality treatment 
and in many applications 
serve as a hybrid of a swale 
and a bioretention facility. 
These types of swales are 
encouraged when they can 
be incorporated into the 
landscaping and provide 
benefits beyond water 
quality treatment. The same 
fundamental procedures 
apply for designing a 
bioswale; however, the 
vegetative retardance 
coefficient must be adjusted 
to reflect the mature state 
of planned vegetation for 
evaluation of depth. The 
“E” curve (very low vegetal 
retardance) should be 
used to evaluate velocities, 
representing conditions prior 
to establishment of dense 
vegetation.


Photograph RPA-10. Sediment forebay at the entrance to a grass swale leading to an 
EDB concentrates maintenance needs at entrance of swale. This is an example of a 
three-step treatment train: forebay, swale, pond.
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SCM Design workbook are not applicable for precipitation depths less than 0.25 inches or greater than 0.95 inches. 
For evaluating greater rainfall depths, CUHP and SWMM should be applied. Calculate the total runoff from all 
areas tributary to the swale by assuming upstream pervious areas don’t produce runoff during the WQCV event, 
the upstream impervious area depression storage is 0.1 inches, and account for direct precipitation on the swale 
bottom.


	 VSwale  =  	                   ATIA +              ARPA							                     Equation RPA-5


	 Where:


	 VSwale = Volume of runoff applied to swale bottom (ft3)


	 P2 = Precipitation for WQE over 2 hours (in)


	 dstore = Impervious  area depression storage (in), assume 0.1 for most impervious surfaces


	 ATIA = Tributary Impervious Area contributing runoff to swale (ft2)


	 ARPA = Bottom Area of swale receiving direct precipitation (ft2)


6.	 Calculate Runoff Reduction through Swale Bottom:  The bottom of the swale is assumed to infiltrate runoff at a 
rate equal to the saturated hydraulic conductivity of the soil.  Due to the potential for decay of infiltration rates 
over the life of a facility, the HSG-based final infiltration rates in the Runoff chapter are used for estimating runoff 
reduction in the SCM Design workbook.


	 VInfil  =  	       ARPA					                Equation RPA-6


	 Where:


	 VInfil = Volume of runoff infiltrated for WQE over 2 hours (ft3)


	 ARPA = Bottom Area of swale infiltrating runoff (ft2)


	 fo = Final Infiltration Rate based on HSG from Runoff chapter (in/hr)


	 The ratio of the volume infiltrated (VInfil ) divided by the volume of runoff applied to the swale (VSwale ) from Equation 
RPA-5 is the runoff reduction associated with the grass swale. The percentage reduction in runoff can be calculated 
as:


	 %Runoff Reduction  = 				               Equation RPA-7


7.	 Design Discharge:  Calculate peak flows for the swale using the methods in the Runoff chapter. For swale stability 
design, use a 2-year event to evaluate velocity and flow depth. Larger events such as the minor storm event also 
may be conveyed in swales; see the Open Channels chapter for design of conveyance swales.


8.	 Design Velocity:  The maximum flow velocity in the swale should not exceed 1 foot per second. Higher velocities 
up to 3 to 5 feet per second (depending on the soil type and swale lining) for the 2-year event are permissible for 
swales that are intended primarily for conveyance rather than infiltration, provided that the Froude number does 
not exceed 0.5. Even if velocities exceed 1 foot per second, swales can still play an important role in disconnecting 
impervious area and will provide some infiltration benefits. Use the Natural Resource Conservation Service 
(formerly the Soil Conservation Service) vegetal retardance curves for the Manning coefficient (Chow 1959). 
Determining the retardance coefficient is an iterative process that the MHFD SCM Design workbook automates. 
When starting the swale vegetation from sod, use curve “D” (low retardance). When starting vegetation from seed, 
use the “E” curve (very low vegetal retardance) to evaluate potential for erosion during initial establishment and 
the “D” curve for evaluating depths and velocities for the established condition.
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12
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CONSTRUCTION CONSIDERATIONS
Success of RPAs, including buffers and swales, depends not only on a good 
design and long-term maintenance but also on proper construction so that 
the RPA functions as designed. Construction considerations include: 


1.	 Fence off areas to avoid over-compaction of soils to preserve infiltration 
capacities.


2.	 When using an underdrain, ensure no filter sock is placed on the pipe. This 
is unnecessary and can cause the slots or perforations in the pipe to clog.


3.	 Perform fine grading, soil amendment, and seeding only after upgradient 
surfaces have been stabilized and utility work crossing the SCM has been 
completed. The final grade of the RPA, once sod has been placed or 
seeded vegetation has become established, must accept sheet flow from 
adjacent impervious surfaces without impeding flow. 


4.	 Inspect the RPA prior to placement of seed or sod to check that inflows 
are not concentrated and that the final grade, including the vegetation, 
will not impede sheet flow onto the vegetated pervious area.


5.	 When using sod tiles, stagger the ends of the tiles to prevent the 
formation of channels along the joints. Use a roller on the sod to ensure 
there are no air pockets between the sod and soil.


6.	 If the area where the SCM will ultimately be constructed will be used as 
an SCM during construction (e.g., sediment trap, drainage ditch), the area 
must be restored prior to constructing the permanent SCM by removing 
all accumulated sediments and ripping the soils to a depth of 12 inches. 
Do not install underdrains or place topsoil in the SCM until the watershed 
is stabilized and the SCM is no longer acting as a sediment trap.


7.	 Erosion and sediment control measures on upgradient disturbed areas 
must be maintained to prevent excessive sediment loading to the SCM. 
Implement final grading, soil amendments, seeding, and related activities 
once the contributing watershed has been effectively stabilized.


9.	 Design Flow Depth:  The maximum flow depth should not exceed 1 foot 
at the 2-year peak flow rate if the swale will provide runoff reduction 
benefits as a part of a system intended to satisfy a MS4 permit treatment 
standard. Depths up to 3 feet may be allowed in the 2-year event for 
swales that are intended only to satisfy Step 1 of the Four Step Process, 
provided that the Froude number does not exceed 0.5. Check the 
conditions for the 100-year peak discharge to ensure that drainage is 
being handled without flooding critical areas, structures, or adjacent 
streets.


10.	 Swale Outflows:  Provide a means for downstream conveyance for the 
range of flows that may be conveyed through the swale. For swales 
that drain to inlets or culverts, perform analysis of headwater depth 
for the 2-year design flow rate to be sure that the headwater depth is 
contained within the swale with an allowance for a minimum of 6 inches 
of freeboard. Greater freeboard requirements may apply depending on 
road classifications adjacent to swales.


Photograph RPA-11. Signage and 
construction fencing can help protect the 
RPA as vegetation becomes established.  
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8.	 Provide irrigation appropriate to the type of vegetation. Note that irrigation will be needed for native grasses to 
establish the root system (typically one or two growing seasons). 


9.	 Weed the area during the establishment of vegetation by hand or mowing. Mechanical weed control is preferred 
over chemical application.


10.	 Consider signage and barriers to prevent use of the RPA while the vegetation becomes established. 





Glenn Reese - EPC Stormwater
File Attachment

Cheryl
Text Box
Imperviousness values revised for all fields.



Designer:
Company:
Date:
Project:
Location:
Outfall ID:

DESIGN PROCEDURE AND CRITERIA FOR ALL RPAs (User Input in Blue Cells)
2 0

1. Apply Four-Cover Land Use Model to Site Layout
Design Point ID 6 A C D

Area Type RPA UIA RPA_Swale SPA
Downstream Design Point ID -- C 6 6

DCIA (ft2) -- -- -- --
UIA (ft2) -- 4,565 -- --
RPA (ft2) -- -- 779 --
SPA (ft2) -- -- -- 197

2. Protect the RPA from Traffic
RPA Protection Type -- -- None --

3. Characterize On-site Topsoil and Determine Suitability for the RPA
HSG A (%) -- -- 100.0% --
HSG B (%) -- -- 0.0% --

HSG C/D (%) -- -- 0.0% --

4. Select Appropriate Vegetation
RPA Vegetation Type -- -- Seed --

Irrigation Type -- -- Permanent --

Notes:

GRASS BUFFER ADDITIONAL DESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

1. Define the UIA:RPA pair, Ratio, and Interface Width
Sheet Flow Inflow Feature -- -- -- --

Is Concrete Edger used? -- -- -- --
Spacing between slots (ft) -- -- -- --

Slot Opening Length (in) -- -- -- --
Blind Swale Type -- -- -- --

Spreader Energy Dissipation -- -- -- --
Total Area of UIA:RPA (ft2) -- -- -- --

UIA:RPA Ratio -- -- -- --
UIA:RPA Interface Width (ft) -- -- -- --

L / W Ratio of UIA:RPA -- -- -- --

2. Buffer Length
Average Buffer Length (ft) -- -- -- --

3. Buffer Slope
Average Buffer Slope (ft/ft) -- -- -- --

Effective Distance (ft) -- -- -- --
Number of Level Spreaders -- -- -- --

4. Provide a Vertical Drop
Vertical Drop (in) -- -- -- --

Mowing Strip Provided? -- -- -- --

5. Calculate Runoff for UIA and RPA Pair
Imperviousness (%) -- -- -- --
UIA:RPA Runoff (in) -- -- -- --
UIA:RPA Runoff (ft3) -- -- -- --

6. Compare Runoff from UIA:RPA Pair to Runoff from UIA Only
UIA Runoff (ft3) -- -- -- --

Runoff Reduction (ft3) -- -- -- --
Runoff Reduction (%) -- -- -- --

Notes:

Receiving Pervious Areas (Including Grass Buffers and Grass Swales)
SCM Design, Version 4.01 (December 2024)

Jerry Davidson
Perception Design Group
June 19, 2025
Carubia Dental
8059 Meridian Park Dr.
6
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Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Based on the LxW provided on the next page, the RPA is only 530sqft. This discrepancy is due to MHFD's notes on that row of the spreadsheet: only the bottom area of the swale counts towards the RPA, not the side slopes. And the section of this swale shown on the CDs shows that there is not a bottom since it is a v-shaped swale. MHFD guidance states that RPA swales must be trapezoidal shaped. 

Please revise design accordingly. 

Cheryl
Text Box
Areas revised for the revised designs. The swale changed to a trapezoid.



GRASS SWALE ADDITIONAL DESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

1. Delineate Areas Tributary to Swale
Total Tributary Area (ft2) -- -- 5,344 --

Imperviousness (%) -- -- 85.4% --

2. Swale Inflows
Concentrated Flow Type -- -- Pipe --

Blind Swale Type -- -- -- --
Spreader Energy Dissipation -- -- -- --

Vertical Drop (in) -- -- -- --
Gutter Depression (in) -- -- -- --

Curb Opening Length (ft) -- -- -- --
Concrete Sediment Pad -- -- YES --

Min. Forebay Volume (ft3) -- -- -- --
Design Forebay Volume (ft3) -- -- -- --

Max. Forebay Depth (in) -- -- -- --
Design Forebay Depth (in) -- -- -- --

Calculated Notch Width (in) -- -- -- --
Design Notch Width (in) -- -- -- --

Drain Time (minutes) -- -- -- --
Energy Dissipation Type -- -- Vegetation --

3. Swale Cross Section
Length of Swale (ft) -- -- 53.00 --

Bottom Width (ft) -- -- 10.00 --
Bottom Area (ft2) -- -- 530 --

Side Slopes (horiz/vert) -- -- 4.00 --

4. Longitudinal Slope
Available Slope (ft/ft) -- -- 0.030 --

Design Slope (ft/ft) -- -- 0.030 --
Total Drop Height (ft) -- -- 0.00 --

Underdrains Provided? -- -- NO --

5. Calculate Runoff from Tributary Area
Tributary Runoff (ft3) -- -- 229 --

Reduced Trib. Runoff (ft3) -- -- 229 --

6. Calculate Runoff Reduction through Swale Bottom
Volume Infiltrated (ft3) -- -- 130 --

Swale Discharge (ft3) -- -- 99 --
Runoff Reduction (%) -- -- 56.7% --

7. Design Discharge
2-year Discharge, Q2 (cfs) -- -- 0.5 --

8. Design Velocity
Vegetal Retardance Curve -- -- E --

Velocity, V2 (fps) -- -- 0.6 --

9. Design Flow Depth
Flow Depth, D2 (ft) -- -- 0.08 --

Flow Area, A (ft2) -- -- 0.8 --
Wetted Perimeter, P (ft) -- -- 10.7 --

Top Width, T (ft) -- -- 10.6 --
Hydraulic Radius, Rh (ft) -- -- 0.08 --

VR Product (ft2/sec) -- -- 0.05 --
Manning's n value -- -- 0.080 --

Hydraulic Depth, Dh (ft) -- -- 0.08 --
Froude Number -- -- 0.07 --

10. Swale Outflows
Outflows Considered? -- -- NO --

Notes:

DESIGN POINT RESULT (Sums results for current column and all upstream design point columns.)
Design Point ID 6 A C D

Area Type RPA UIA RPA_Swale SPA
Total Area (ft2) 5,541 4,565 5,344 197

Imperviousness (%) 100.0% 85.4% 0.0%
Tributary Runoff (ft3) 229 190 229 0

Runoff Reduction (ft3) 130 0 130 0
Runoff Remaining (ft3) 99 190 99 0

Total Tributary Area entered on Site Layout Worksheet is: 5,541 square feet
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Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Unfortunately this reduction is now 56.7%, which is below the min 60%...

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Please provide calcs for this. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
This was removed from the notes in the CDs with this submittal. Please add it back in. Otherwise, MHFD recommends forebays. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Per MHFD guidance comments for this row, headwater calcs are necessary for swales that drain to culverts. Please provide calcs for this. 

Cheryl
Text Box
Sediment plans added to CDs and Drainage Plans.

Cheryl
Text Box
See runoff year 2 for calcs.

Cheryl
Text Box
Calcs included in appendix for the outflows.

Cheryl
Text Box
Design revised to be above 60%.



Designer:
Company:
Date:
Project:
Location:
Outfall ID:

DESIGN PROCEDURE AND CRITERIA FOR ALL RPAs (User Input in Blue Cells)
1 0

1. Apply Four-Cover Land Use Model to Site Layout
Design Point ID 7 E F G H

Area Type RPA UIA RPA_Buffer RPA_Swale SPA
Downstream Design Point ID -- F G 7 G

DCIA (ft2) -- -- -- -- --
UIA (ft2) -- 3,620 -- -- --
RPA (ft2) -- -- 555 260 --
SPA (ft2) -- -- -- -- 387

2. Protect the RPA from Traffic
RPA Protection Type -- -- Slotted Curb None --

3. Characterize On-site Topsoil and Determine Suitability for the RPA
HSG A (%) -- -- 100.0% 100.0% --
HSG B (%) -- -- 0.0% 0.0% --

HSG C/D (%) -- -- 0.0% 0.0% --

4. Select Appropriate Vegetation
RPA Vegetation Type -- -- Seed Seed --

Irrigation Type -- -- Permanent Permanent --

Notes:

GRASS BUFFER ADDITIONAL DESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

1. Define the UIA:RPA pair, Ratio, and Interface Width
Sheet Flow Inflow Feature -- -- Slotted -- --

Is Concrete Edger used? -- -- -- -- --
Spacing between slots (ft) -- -- 10.00 -- --

Slot Opening Length (in) -- -- 12.00 -- --
Blind Swale Type -- -- -- -- --

Spreader Energy Dissipation -- -- -- -- --
Total Area of UIA:RPA (ft2) -- -- 4,175 -- --

UIA:RPA Ratio -- -- 6.5 -- --
UIA:RPA Interface Width (ft) -- -- 50 -- --

L / W Ratio of UIA:RPA -- -- 1.67 -- --

2. Buffer Length
Average Buffer Length (ft) -- -- 11 -- --

3. Buffer Slope
Average Buffer Slope (ft/ft) -- -- 0.333 -- --

Effective Distance (ft) -- -- 17 -- --
Number of Level Spreaders -- -- 1 -- --

4. Provide a Vertical Drop
Vertical Drop (in) -- -- 2.00 -- --

Mowing Strip Provided? -- -- NO -- --

5. Calculate Runoff for UIA and RPA Pair
Imperviousness (%) -- -- 86.7% -- --
UIA:RPA Runoff (in) -- -- 0.15 -- --
UIA:RPA Runoff (ft3) -- -- 51 -- --

6. Compare Runoff from UIA:RPA Pair to Runoff from UIA Only
UIA Runoff (ft3) -- -- 151 -- --

Runoff Reduction (ft3) -- -- 99 -- --
Runoff Reduction (%) -- -- 65.9% -- --

Notes:

Receiving Pervious Areas (Including Grass Buffers and Grass Swales)
SCM Design, Version 4.01 (December 2024)

Jerry Davidson
Perception Design Group
June 19, 2025
Carubia Dental
8059 Meridian Park Dr.
7
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Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
See comments in CDs about vertical drops. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Per the MHFD recommendation in the spreadsheet comment for this row, 2ft spacing on center is recommended. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
24" openings shown on plans. Revise to remove discrepancy. MHFD rec's 1.5" opening to protect from snow plow damage

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Based on the LxW provided on the next page, the RPA is only 180sqft. This discrepancy is due to MHFD's notes on that row of the spreadsheet: only the bottom area of the swale counts towards the RPA, not the side slopes. And the section of this swale shown on the CDs shows that there is not a bottom since it is a v-shaped swale. MHFD guidance states that RPA swales must be trapezoidal shaped. 

Please revise design accordingly. 

Cheryl
Text Box
Areas revised.

Cheryl
Text Box
Spacing and openings changed on spreadsheet and plans.

Cheryl
Text Box
Note added to site plan to make the finished grade for the grass 3 inches lower than the steel edger around the rock.

Cheryl
Text Box



GRASS SWALE ADDITIONAL DESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

1. Delineate Areas Tributary to Swale
Total Tributary Area (ft2) -- -- -- 4,822 --

Imperviousness (%) -- -- -- 75.1% --

2. Swale Inflows
Concentrated Flow Type -- -- -- Swale --

Blind Swale Type -- -- -- -- --
Spreader Energy Dissipation -- -- -- -- --

Vertical Drop (in) -- -- -- -- --
Gutter Depression (in) -- -- -- -- --

Curb Opening Length (ft) -- -- -- -- --
Concrete Sediment Pad -- -- -- -- --

Min. Forebay Volume (ft3) -- -- -- -- --
Design Forebay Volume (ft3) -- -- -- -- --

Max. Forebay Depth (in) -- -- -- -- --
Design Forebay Depth (in) -- -- -- -- --

Calculated Notch Width (in) -- -- -- -- --
Design Notch Width (in) -- -- -- -- --

Drain Time (minutes) -- -- -- -- --
Energy Dissipation Type -- -- -- Vegetation --

3. Swale Cross Section
Length of Swale (ft) -- -- -- 18.00 --

Bottom Width (ft) -- -- -- 10.00 --
Bottom Area (ft2) -- -- -- 180 --

Side Slopes (horiz/vert) -- -- -- 3.00 --

4. Longitudinal Slope
Available Slope (ft/ft) -- -- -- 0.030 --

Design Slope (ft/ft) -- -- -- 0.030 --
Total Drop Height (ft) -- -- -- 0.00 --

Underdrains Provided? -- -- -- NO --

5. Calculate Runoff from Tributary Area
Tributary Runoff (ft3) -- -- -- 164 --

Reduced Trib. Runoff (ft3) -- -- -- 64 --

6. Calculate Runoff Reduction through Swale Bottom
Volume Infiltrated (ft3) -- -- -- 43 --

Swale Discharge (ft3) -- -- -- 21 --
Runoff Reduction (%) -- -- -- 67.2% --

7. Design Discharge
2-year Discharge, Q2 (cfs) -- -- -- 0.3 --

8. Design Velocity
Vegetal Retardance Curve -- -- -- E --

Velocity, V2 (fps) -- -- -- 0.5 --

9. Design Flow Depth
Flow Depth, D2 (ft) -- -- -- 0.06 --

Flow Area, A (ft2) -- -- -- 0.6 --
Wetted Perimeter, P (ft) -- -- -- 10.4 --

Top Width, T (ft) -- -- -- 10.4 --
Hydraulic Radius, Rh (ft) -- -- -- 0.06 --

VR Product (ft2/sec) -- -- -- 0.03 --
Manning's n value -- -- -- 0.080 --

Hydraulic Depth, Dh (ft) -- -- -- 0.06 --
Froude Number -- -- -- 0.06 --

10. Swale Outflows
Outflows Considered? -- -- -- NO --

Notes:

DESIGN POINT RESULT (Sums results for current column and all upstream design point columns.)
Design Point ID 7 E F G H

Area Type RPA UIA RPA_Buffer RPA_Swale SPA
Total Area (ft2) 4,822 3,620 4,175 4,822 387

Imperviousness (%) 100.0% 86.7% 75.1% 0.0%
Tributary Runoff (ft3) 164 151 151 164 0

Runoff Reduction (ft3) 143 0 99 143 0
Runoff Remaining (ft3) 21 151 51 21 0

Total Tributary Area entered on Site Layout Worksheet is: 4,822 square feet
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Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Upstream is a buffer, not a swale. So this should be Other, since buffer isnt an option. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Please provide calcs for this. 

Cheryl
Text Box
Changed to other with notes added at the bottom of sheet.

Cheryl
Text Box
See yr 2 runoff table for calcs.



Designer:
Company:
Date:
Project:
Location:
Outfall ID:

DESIGN PROCEDURE AND CRITERIA FOR ALL RPAs (User Input in Blue Cells)
2 0

1. Apply Four-Cover Land Use Model to Site Layout
Design Point ID 5 I J K

Area Type RPA UIA RPA_Buffer SPA
Downstream Design Point ID -- J 5 5

DCIA (ft2) -- -- -- --
UIA (ft2) -- 3,226 -- --
RPA (ft2) -- -- 1,591 --
SPA (ft2) -- -- -- 1,324

2. Protect the RPA from Traffic
RPA Protection Type -- -- None --

3. Characterize On-site Topsoil and Determine Suitability for the RPA
HSG A (%) -- -- 100.0% --
HSG B (%) -- -- 0.0% --

HSG C/D (%) -- -- 0.0% --

4. Select Appropriate Vegetation
RPA Vegetation Type -- -- Seed --

Irrigation Type -- -- Permanent --

Notes:

GRASS BUFFER ADDITIONAL DESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

1. Define the UIA:RPA pair, Ratio, and Interface Width
Sheet Flow Inflow Feature -- -- Other --

Is Concrete Edger used? -- -- -- --
Spacing between slots (ft) -- -- -- --

Slot Opening Length (in) -- -- -- --
Blind Swale Type -- -- -- --

Spreader Energy Dissipation -- -- -- --
Total Area of UIA:RPA (ft2) -- -- 4,817 --

UIA:RPA Ratio -- -- 2.0 --
UIA:RPA Interface Width (ft) -- -- 85 --

L / W Ratio of UIA:RPA -- -- 0.67 --

2. Buffer Length
Average Buffer Length (ft) -- -- 19 --

3. Buffer Slope
Average Buffer Slope (ft/ft) -- -- 0.333 --

Effective Distance (ft) -- -- 17 --
Number of Level Spreaders -- -- 2 --

4. Provide a Vertical Drop
Vertical Drop (in) -- -- 3.00 --

Mowing Strip Provided? -- -- NO --

5. Calculate Runoff for UIA and RPA Pair
Imperviousness (%) -- -- 67.0% --
UIA:RPA Runoff (in) -- -- 0.00 --
UIA:RPA Runoff (ft3) -- -- 0 --

6. Compare Runoff from UIA:RPA Pair to Runoff from UIA Only
UIA Runoff (ft3) -- -- 134 --

Runoff Reduction (ft3) -- -- 134 --
Runoff Reduction (%) -- -- 100.0% --

Notes:

Receiving Pervious Areas (Including Grass Buffers and Grass Swales)
SCM Design, Version 4.01 (December 2024)

Jerry Davidson
Perception Design Group
June 19, 2025
Carubia Dental
8059 Meridian Park Dr.
5
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Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
How can this be the Interface Width when the two inflows from the UIA to the RPA are concentrated point discharges from roof drains? Without a level spreader from the roof drains to the RPA, the Interface Width is only as wide as the diameter of each roof drain.   

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
What is the designed "Other" Sheet Flow Inflow Feature? Describe in the Notes at the bottom of this page. You can't just input "Other" and have the inflow be a concentrated flow, WQ treatment is not achieved with this configuration with Grass Buffers, only with Grass Swales. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Where is this vertical drop? The end of the roof drains are going to be 3in above the RPA? Provide a detail showing this in the CDs.
Section 2 in the CDs currently only shows a 2in drop from edge of building (not pipe) but it's via a sloped rock area, which doesnt work per my comment in the CDs. 

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
No level spreaders are shown on plans. 

Cheryl
Text Box
Other changed to Spreader

Cheryl
Text Box
Level spreader added to plans for the length  needed.

Cheryl
Text Box
The vertical drop is located on the downhill side of the level spreader.

Cheryl
Text Box
One level spreader added to plans. One is adequate for the distance between the rock and the existing swale.



GRASS SWALE ADDITIONAL DESIGN PROCEDURE AND CRITERIA (User Input in Blue Cells)

1. Delineate Areas Tributary to Swale
Total Tributary Area (ft2) -- -- -- --

Imperviousness (%) -- -- -- --

2. Swale Inflows
Concentrated Flow Type -- -- -- --

Blind Swale Type -- -- -- --
Spreader Energy Dissipation -- -- -- --

Vertical Drop (in) -- -- -- --
Gutter Depression (in) -- -- -- --

Curb Opening Length (ft) -- -- -- --
Concrete Sediment Pad -- -- -- --

Min. Forebay Volume (ft3) -- -- -- --
Design Forebay Volume (ft3) -- -- -- --

Max. Forebay Depth (in) -- -- -- --
Design Forebay Depth (in) -- -- -- --

Calculated Notch Width (in) -- -- -- --
Design Notch Width (in) -- -- -- --

Drain Time (minutes) -- -- -- --
Energy Dissipation Type -- -- -- --

3. Swale Cross Section
Length of Swale (ft) -- -- -- --

Bottom Width (ft) -- -- -- --
Bottom Area (ft2) -- -- -- --

Side Slopes (horiz/vert) -- -- -- --

4. Longitudinal Slope
Available Slope (ft/ft) -- -- -- --

Design Slope (ft/ft) -- -- -- --
Total Drop Height (ft) -- -- -- --

Underdrains Provided? -- -- -- --

5. Calculate Runoff from Tributary Area
Tributary Runoff (ft3) -- -- -- --

Reduced Trib. Runoff (ft3) -- -- -- --

6. Calculate Runoff Reduction through Swale Bottom
Volume Infiltrated (ft3) -- -- -- --

Swale Discharge (ft3) -- -- -- --
Runoff Reduction (%) -- -- -- --

7. Design Discharge
2-year Discharge, Q2 (cfs) -- -- -- --

8. Design Velocity
Vegetal Retardance Curve -- -- -- --

Velocity, V2 (fps) -- -- -- --

9. Design Flow Depth
Flow Depth, D2 (ft) -- -- -- --

Flow Area, A (ft2) -- -- -- --
Wetted Perimeter, P (ft) -- -- -- --

Top Width, T (ft) -- -- -- --
Hydraulic Radius, Rh (ft) -- -- -- --

VR Product (ft2/sec) -- -- -- --
Manning's n value -- -- -- --

Hydraulic Depth, Dh (ft) -- -- -- --
Froude Number -- -- -- --

10. Swale Outflows
Outflows Considered? -- -- -- --

Notes:

DESIGN POINT RESULT (Sums results for current column and all upstream design point columns.)
Design Point ID 5 I J K

Area Type RPA UIA RPA_Buffer SPA
Total Area (ft2) 6,141 3,226 4,817 1,324

Imperviousness (%) 100.0% 67.0% 0.0%
Tributary Runoff (ft3) 134 134 134 0

Runoff Reduction (ft3) 134 0 134 0
Runoff Remaining (ft3) 0 134 0 0

Total Tributary Area entered on Site Layout Worksheet is: 6,141 square feet

SCM-Design-v4.01 - 2024-019 Carubia, RPA_5 Sheet 7 of 7 6/19/2025, 5:25 PM
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5. Drainage Plans 
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LOT 2
33,776 SQ.FT.

CONCRETE PAVEMENT

PROPOSED CURB AND GUTTER
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LEGEND

PROPOSED HANDICAP RAMP

PROPOSED SIDEWALK

PROPERTY LINE

PROPOSED LANDSCAPED AREALS

PROPOSED HEAVY-DUTY

CARUBIA PROPERTIES - EXISTING DRAINAGE PLAN
LOT 2, BENT GRASS EAST COMMERCIAL FILING NO. 4

A PORTION OF THE NORTHEAST QUARTER OF SECTION 1,TOWNSHIP 13 SOUTH, RANGE 65 WEST OF THE 6TH P.M.
COUNTY OF EL PASO, STATE OF COLORADO

VICINITY MAP
1" = 1000' ±

BENCHMARK

LEGAL DESCRIPTION

1.5” ALUMINUM CAP PLS 30118 BEING THE SOUTHWEST CORNER OF LOT 1, BENT GRASS EAST
COMMERCIAL FILING NO.4, RECORDED AT RECEPTION NO.224715331, IN THE RECORDS OF EL PASO
COUNTY COLORADO.

ELEV.=6927.80’  NVGD29

PARCEL A:
LOT 2, BENT GRASS EAST COMMERCIAL FILING NO. 4, COUNTY OF EL PASO, STATE OF COLORADO.
THE ABOVE LOT CONTAINS 33,776 SQUARE FEET, MORE OR LESS.

PARCEL B:
THOSE NON-EXCLUSIVE EASEMENT RIGHTS FOR VEHICULAR AND PEDESTRIAN INGRESS AND
EGRESS AS CREATED BY RECIPROCAL ACCESS EASEMENT AND TEMPORARY CONSTRUCT/ON AND MAINTENANCE
EASEMENT AGREEMENT RECORDED JUNE 04, 2013 UNDER RECEPTION NO. 213072561 AND FIRST AMENDMENT TO
RECIPROCAL ACCESS EASEMENT AND TEMPORARY CONSTRUCTION
AND MAINTENANCE EASEMENT AGREEMENT RECORDED JULY 07, 2013 UNDER RECEPTION NO. 213098588.

PARCEL C:
THOSE NON-EXCLUSIVE EASEMENT RIGHTS FOR PEDESTRIAN AND VEHICULAR INGRESS AND
EGRESS AS CREATED BY DECLARATION OF CROSS-ACCESS EASEMENT RECORDED NOVEMBER 3, 2023 UNDER
RECEPTION NO. 223092254 AND JUNE 11, 2024 UNDER RECEPTION NO. 224044076.

BASIS OF BEARINGS:
BEARINGS ARE BASED ON THE SOUTH LINE OF LOT 1, BENT GRASS EAST COMMERCIAL
FILING N0.4, RECORDED AT RECEPTION NO. 224715331, IN THE RECORDS OF EL PASO
COUNTY COLORADO. SAID LINE BEARS N89"30'48"E FROM MONUMENTS SHOWN.
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CARUBIA PROPERTIES - PROPOSED DRAINAGE PLAN
LOT 2, BENT GRASS EAST COMMERCIAL FILING NO. 4

A PORTION OF THE NORTHEAST QUARTER OF SECTION 1,TOWNSHIP 13 SOUTH, RANGE 65 WEST OF THE 6TH P.M.
COUNTY OF EL PASO, STATE OF COLORADO

VICINITY MAP
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BENCHMARK

LEGAL DESCRIPTION

1.5” ALUMINUM CAP PLS 30118 BEING THE SOUTHWEST CORNER OF LOT 1, BENT GRASS EAST
COMMERCIAL FILING NO.4, RECORDED AT RECEPTION NO.224715331, IN THE RECORDS OF EL PASO
COUNTY COLORADO.

ELEV.=6927.80’  NVGD29

PARCEL A:
LOT 2, BENT GRASS EAST COMMERCIAL FILING NO. 4, COUNTY OF EL PASO, STATE OF COLORADO.
THE ABOVE LOT CONTAINS 33,776 SQUARE FEET, MORE OR LESS.

PARCEL B:
THOSE NON-EXCLUSIVE EASEMENT RIGHTS FOR VEHICULAR AND PEDESTRIAN INGRESS AND
EGRESS AS CREATED BY RECIPROCAL ACCESS EASEMENT AND TEMPORARY CONSTRUCT/ON AND MAINTENANCE
EASEMENT AGREEMENT RECORDED JUNE 04, 2013 UNDER RECEPTION NO. 213072561 AND FIRST AMENDMENT TO
RECIPROCAL ACCESS EASEMENT AND TEMPORARY CONSTRUCTION
AND MAINTENANCE EASEMENT AGREEMENT RECORDED JULY 07, 2013 UNDER RECEPTION NO. 213098588.

PARCEL C:
THOSE NON-EXCLUSIVE EASEMENT RIGHTS FOR PEDESTRIAN AND VEHICULAR INGRESS AND
EGRESS AS CREATED BY DECLARATION OF CROSS-ACCESS EASEMENT RECORDED NOVEMBER 3, 2023 UNDER
RECEPTION NO. 223092254 AND JUNE 11, 2024 UNDER RECEPTION NO. 224044076.

BASIS OF BEARINGS:
BEARINGS ARE BASED ON THE SOUTH LINE OF LOT 1, BENT GRASS EAST COMMERCIAL
FILING N0.4, RECORDED AT RECEPTION NO. 224715331, IN THE RECORDS OF EL PASO
COUNTY COLORADO. SAID LINE BEARS N89"30'48"E FROM MONUMENTS SHOWN.
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CARUBIA PROPERTIES - PROPOSED DRAINAGE PLAN
LOT 2, BENT GRASS EAST COMMERCIAL FILING NO. 4

A PORTION OF THE NORTHEAST QUARTER OF SECTION 1,TOWNSHIP 13 SOUTH, RANGE 65 WEST OF THE 6TH P.M.
COUNTY OF EL PASO, STATE OF COLORADO

VICINITY MAP
1" = 1000' ±

BENCHMARK

LEGAL DESCRIPTION

1.5” ALUMINUM CAP PLS 30118 BEING THE SOUTHWEST CORNER OF LOT 1, BENT GRASS EAST
COMMERCIAL FILING NO.4, RECORDED AT RECEPTION NO.224715331, IN THE RECORDS OF EL PASO
COUNTY COLORADO.

ELEV.=6927.80’  NVGD29

PARCEL A:
LOT 2, BENT GRASS EAST COMMERCIAL FILING NO. 4, COUNTY OF EL PASO, STATE OF COLORADO.
THE ABOVE LOT CONTAINS 33,776 SQUARE FEET, MORE OR LESS.

PARCEL B:
THOSE NON-EXCLUSIVE EASEMENT RIGHTS FOR VEHICULAR AND PEDESTRIAN INGRESS AND
EGRESS AS CREATED BY RECIPROCAL ACCESS EASEMENT AND TEMPORARY CONSTRUCT/ON AND
MAINTENANCE EASEMENT AGREEMENT RECORDED JUNE 04, 2013 UNDER RECEPTION NO.
213072561 AND FIRST AMENDMENT TO RECIPROCAL ACCESS EASEMENT AND TEMPORARY
CONSTRUCTION
AND MAINTENANCE EASEMENT AGREEMENT RECORDED JULY 07, 2013 UNDER RECEPTION NO.
213098588.

PARCEL C:
THOSE NON-EXCLUSIVE EASEMENT RIGHTS FOR PEDESTRIAN AND VEHICULAR INGRESS AND
EGRESS AS CREATED BY DECLARATION OF CROSS-ACCESS EASEMENT RECORDED NOVEMBER 3,
2023 UNDER RECEPTION NO. 223092254 AND JUNE 11, 2024 UNDER RECEPTION NO. 224044076.

BASIS OF BEARINGS:
BEARINGS ARE BASED ON THE SOUTH LINE OF LOT 1, BENT GRASS EAST COMMERCIAL
FILING N0.4, RECORDED AT RECEPTION NO. 224715331, IN THE RECORDS OF EL PASO
COUNTY COLORADO. SAID LINE BEARS N89"30'48"E FROM MONUMENTS SHOWN.
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RPA NOTES
ALL RPAS AND SPAS WILL NEED TO BE WITHIN A NO BUILD DRAINAGE EASEMENT OR
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Glenn Reese - EPC Stormwater
SW - Textbox
Please update this sheet per all of my comments in the duplicate sheet in the CDs. 

Cheryl
Text Box
See cds for responses.


	20241213_14355602241_31_Soil_Report.pdf
	Cover
	Preface
	Contents
	Soil Map
	Soil Map
	Legend
	Map Unit Legend
	Map Unit Descriptions
	El Paso County Area, Colorado
	19—Columbine gravelly sandy loam, 0 to 3 percent slopes



	References

	2024-019 Drainage Map-Developed Drainage Plan.pdf
	Sheets and Views
	Developed Drainage Plan


	2024-019 Drainage Map-Historic Drainage Plan.pdf
	Sheets and Views
	Historic Drainage Plan


	2024-019 Drainage Map-PIA Exhibit.pdf
	Sheets and Views
	PIA Exhibit





