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I. REPORT PURPOSE 
The purpose of this study is to evaluate the drainage characteristics for 
both the existing and developed conditions of the Prairie Ridge Subdivision 
in accordance the current El Paso County Drainage Criteria. A drainage 
study and report were previously prepared by Troy Kent of Land 
Development Consultants (LDC), submitted and approved by El Paso 
County on May 28, 2008. Subsequent to the report approval the plat was 
never recorded, and the project remained dormant until recently. An 
Early Assistance Meeting was held on August 28, 2018 to review current 
requirements for reconsidering the plat. According to the Meeting Minutes, 
the existing drainage study needed to be amended to address current 
drainage criteria. El Paso County amended it criteria on January 27, 2015. 
At this meeting El Paso County adopted the adopted Chapter 6 
(Hydrology) and Section 3.2.1 of Chapter 13 (Full Spectrum Detention) of 
the May 2014 City of Colorado Springs Drainage Criteria Manual Volume 1 
(DCMV1). The changes in the criterion that impact this report are: 

 
• Design storm for the minor event was changed from the 10 year to the 

5-year storm 
• The Curve Numbers (CN) used in the NRCS method were amended to 

more accurately reflect the runoff for both the existing and developed 
conditions. However, the Curve Numbers presented in the User's 
Manual for the TR55 Method (see Appendix, Exhibit 5), were used 
since the results closely correlate to the results obtained from the 
Rational Method (see Appendix, Exhibit 4). These results are shown on 
the two (2) Drainage Plans included in the map pocket. 

• Additional detail describing the components of this study was 
required to meet requirements. 

 
It was decided to use the sections of the existing report where no 
changes were required. Sections of the narrative were updated where 
required. Hydrologic calculations were modified to reflect the new Curve 
Numbers. The drainage maps prepared for the existing and developed 
conditions are basically the same with only minimal modifications. 

 
II. GENERAL DESCRIPTION 

The property is approximately located in the SE ¼ of the SE ¼ of Section 
12, Township 11 South, Range 66 West of the 6th P.M., El Paso County, 
Colorado. The property is comprised of 40.7 +/- acres and is more 
particularly located on the south and east sides of Brown Road 
approximately 0.5 miles north of the intersection of Brown Road and 
Walker Road (Appendix, Exhibit 1). 

 
The project is currently undeveloped agricultural ground and has been 
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used for pasture and grazing land. There are no buildings or irrigation 
ditches located on the property, however there are observable natural 
drainage corridors on the site. One of the natural drainage corridors bisects 
the site north to south, while the other runs west to east along the southerly 
boundary. The site is to be divided into 7 single-family lots with a minimum 
size of 5 acres. 

 
Offsite improvements include the leveling and the placement of Class 6 road 
base at the northeast and northwest corners of the property. Roadway 
improvements to Brown Road, at the northwest corner of the site include 
increasing the existing turning radius of Brown Road on the east side from a 
30' radius to a 100' radius. This widens the road approximately 15' at the 
corner. At the northeast corner of the property a 60' radius emergency 
turnaround will be constructed. This will be accomplished by widening the 
road to the south approximately 75' from its existing edge. Roadside ditch 
restoration at both locations will be provided to continue to direct runoff 
along the edge of Brown Road. 

 
The Soil, Geology, Geologic Hazard, and Wastewater Study dated May 31, 
2007, by Entech Engineering, Inc., addresses the general soil conditions and 
erosion potential of the site. The soils on the subject property have been 
generally classified as sandy-clay and sandy clay-silt. 

 
The existing channel along the southerly portion of the site is well vegetated, and 
is in good condition, however, since it is subject to seasonal flooding and 
further erosion, this region of the development is being preserved. Some 
ponding of water exists on the site within the southerly drainage corridor, where 
water has been impounded behind an earthen dam east of the site for a stock 
pond. This portion of the site, in addition to the lesser drainage way running from 
north to south has been identified as a no-build area, and has been included 
within a proposed drainage easement. 

 
The Entech report states that "the soil types observed on the site are mildly to 
highly susceptible to wind erosion, and moderately to highly susceptible to water 
erosion". This is in reference to areas that are to be disturbed during the 
construction. Since no site grading is proposed, the erodible soils will not be 
exposed to weathering, therefore no on-site erosion control measures have been 
presented. As individual lots are developed, erosion control measures are to be 
installed, according to the specific needs of each parcel consistent with the 
recommendations of Entech's report. 
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Undeveloped and unplatted parcels, ranging in size from 4.67 to 97-acres 
surround the site, along with an existing MVEA overhead power lines along the 
southerly and easterly side of Brown Road. 
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Ill. DESIGN CRITERIA AND METHODOLOGY 
The existing and proposed runoff patterns, runoff estimates, and 
proposed drainage improvements were evaluated based on the 
criteria and procedures outlined in the El Paso County Drainage 
Criteria Manual. 

 
• Design Manuals 

o City of Colorado Springs Criteria Manual, Volume I. 
The charts and graphs used from this manual are reproduced 
within the pertinent sections of the Appendix. 

 
o Soil Survey of El Paso County Area, Colorado United States 

Department of Agriculture, Soil Conservation Service 
(Appendix, Exhibit 3) 

 
o Flood Insurance Rate Map, Federal Emergency Management 

Agency 
(Appendix, Exhibit 2) 

 
o Urban Storm Drainage Criteria Manual, Urban Storm & Flood 

Control District, Copyright 2005 updated January 2016 
 

o Soil, Geology, Geologic Hazard, and Wastewater Study- 
Prairie Ridge, El Paso County, Colorado, Entech Engineering, 
Inc., dated May 31, 2007 Not duplicated in the Appendix of the 
report. The report is available upon request. 

 
• Design storms 

o Minor storm: 5-year 
o Major storm: 100-year 

 
• Drainage Areas 

o  Areas for the offsite and onsite sub basins were obtained from 
the May 28, 2008 drainage report that was previously approved 
by El Paso County 

 
• Runoff Methods 

o Rational Method 
This method was used to determine runoff quantities for sub 
basins with less than 130 acres. Intensity-Duration-
Frequency (IDF) curves were obtained from the Colorado 
Springs Drainage Criteria Manual (DCM) ( Appendix , Exhibit 
4). This method was used to estimate existing from offsite 
basins at design points 2, 3, and 5. Runoff from sub basins A, 
B, C D, and E were used to verify the stability of the existing 
swales that drain these sub basins. Based visual observation 
and existing vegetative conditions, it is expected that these 
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swales safely convey the runoff from both the minor and major 
to the site's outfall point at Design Point 6. 

o National Resources Conservation Service (NRCS) (TR 55) 
This method was used for the entire drainage area that 
impacts the subdivision which has an area of 296.3 acres. The 
runoff values that were determined for the areas less than 130 
acres were compared to those determined with the Rational 
Method. The values obtained from the SCS TR55 method 
were used since the overall drainage area was in excess of 
130 acres. 

 
• Culverts 

Sizing 
o The 5-year storm was used to size the culvert under Brown 

Road located at the southwesterly corner of the site. 
Assumptions were necessary due to the limited field data. 

o The 100-year storm was used to evaluate the over topping 
conditions anticipated at the existing culvert under Brown 
Road. 

 
Culvert Velocities 
o Maximum velocity= 18 fps 
o Minimum velocity= 3 fps when the pipe is 50% full 

 
• Drainage Swale and Borrow Ditch Sizing 

Sizing 
o Estimated runoff from the design the design storms were used 

to verify the stability of the existing onsite swales as well as 
the borrow ditch along Brown Road.  Rock ditch checks will be 
added to roadside ditches at the time of future roadway 
improvements. 

o The 100-year storm event was used to evaluate roadway 
overtopping conditions along the borrow ditches. 

 
Velocity 
o Less than the erosive velocities typical for the existing soils. 

 
Freeboard Requirements 
o 12" for the minor storm and no roadway overtopping for the 100 

year. 
 

Flow Regime 
o Drainage improvements are not recommended for swales 

that are characterized by a subcritical flow regime. This 
occurs when the Froude No’s. are less than 1.0. 
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o Erosion control improvements are recommended for 

swales where the  runoff is characterized by a supercritical 
flow regime. This regime is characterized by high velocities 
and erratic, erosive, and unpredictable flows. This occurs 
when the Froude No. is 1.0 or greater. 

 
• Detention/ Water Quality Pond 

Basis of evaluation: 
The requirements for Post Construction Stormwater Management 
(Detention/Water Quality Ponds) are evaluated in accordance El 
Paso County Engineering Criteria Manual, Appendix I .7.1.  It is 
determined that the site is exempt from providing Water Quality 
facilities by virtue of the exclusions provided in ECM Sections 
I.7.1.B.2 (Excluded Roadway Redevelopment), I.7.1.B.3 
(Excluded Existing Roadway Areas) and I.7.1.B.5 (Large Lot 
Single Family Sites).  A full discussion regarding the requirements 
for Water Quality Treatment is presented in Section XIII of this 
report.  Storm Detention is also not required for the site since the 
proposed large lot single family home sites present negligible 
increase from existing to developed conditions.  
      

• ESQCP and SWMP 
According to ECM Section I.4.1, an Erosion and Stormwater 
Quality Control Permit (ESQCP) and Stormwater Management 
Plan (SWMP) are required for projects that disturb 1.0 acres or 
more and/or disturbs more than 500 CY of material.  This project 
involves the disturbance of 0.74 acres and less than 500 CY of 
material for the purpose of replenishing the gravel surface 
thickness of existing Brown Road on the west and north sides of 
the site.  ESQCP and SWMP are not required for this project since 
the applicable thresholds are not met.      

 
IV. EXISTING REPORTS, MAPPING AND INFORMATION 

o The project lies within the East Cherry Creek Drainage 
Basin. There are drainage fees associated with this basin. 

o No drainage reports have been prepared for any of 
the tracts that surround the site. 

 
 

V. FEMA FLOODPLAIN 
The project is within Zone X (other) as shown on the Flood Rate 
insurance Map, El Paso County, Colorado and Incorporated Areas, Panel 
325 of 1300; Map Number 08041C0305 G, Effective Date December 7, 
2018 ( Appendix, Exhibit 2). 
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VI. HYDROLOGIC SOILS INFORMATION 
The hydrologic soils groups were obtained from the USDA 
National Resource Conservation Service website for soil types in El 
Paso County, Colorado (Appendix, Exhibit 3). The soils are 
identified as follows: 
• Brusset Loam 3-5% (SCS No. 15) 
• Peyton-Pring Complex 8-15% (SCS No. 69). 

 
The soils and their characteristics are described in the soils report 
included in the Appendix, Exhibit 3. All of the soils in the project area 
are classified within the B hydrologic group. 
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VII. DOWNSTREAM DRAINAGE CONDITIONS 

A stock pond is located immediately downstream of the subdivision 
at Design Point 6 located near the southeast corner of the site.  
According to the drainage plan, offsite sub basins OS1, OS2 and 
OS3 drain through the project site, as well as onsite sub basins A, B, 
C and D, all totaling 292.6 acres.  This area excludes runoff from sub 
basin E which flows offsite at Design Point 7. Of this total area, offsite 
basins comprise 255.5 acres, leaving the onsite sub basins with total 
area of 37.1 acres that drains through the pond. This represents 13% 
of the total area that drains to the existing pond.  As mentioned 
before this does not include runoff from sub basin E. 

 
All of the runoff from offsite and onsite basins, with the exception of sub 
basin E, are carried to the stock pond via a natural grassed swale  
(swale 1) located along the southerly boundary of the project site. 
Based on visual observations, the swale and pond appear to be 
stable with only a minimal amount of erosion. 
 
The condition of the swale as it enters the pond is also stable 
with negligible signs of erosion. Based on visual observations of the 
upstream and downstream swale of the pond, and the relatively 
small percentage that the project site is compared to the total 
drainage area, it is reasonable to assume that the pond is 
adequate to accommodate the minor increase in runoff flows as a 
result of development. 

 
A detailed analysis of the hydraulic and structural characteristics of the 
pond is outside the scope of this report. 
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VIII. HISTORIC OFFSITE CONDITIONS  
• Basin 0S-1 (based on 0% Impervious for Undeveloped, 

Pasture/ Meadow) 
Sub basin OS-1 is approximately 211.6 acres and extends from the 
westerly boundary of the site to the top of the watershed. The 
topography within the basin ranges from 9.9% near Spruce Hill to 
2.9% near the site boundary. Runoff from this basin flows easterly to 
the southwest corner of the site, crossing Brown Road via an 
existing 24-inch CMP at an assumed slope of 2.0%. This culvert is 
in good condition. O S - 1  comprises the primary source of flow in 
the existing channel located along the south side of the project site.. 
A stock pond (east of DP1) is located within this channel, 
immediately upstream from the site (Design Point 1) on the westerly 
side of Brown Road.  
 
Since this sub basin is greater than 130 acres, the NRCS-TR55 
method was utilized. Values were obtained from the TR-55 User 
Guide. 

 
o Area= 211.6 acres 

 
o Curve Numbers = 69 ( Appendix, Exhibit 5). These values 

presented in this t table were used instead of the ones published 
in the DCMV1 since they are specific to the TR55 method and 
the runoff produced are comparable to those of the Rational 
Method. 

 
o Time of Concentration= 33.4 minutes 

 
o TR55 Estimated Runoff 

Minor Storm (5year): 69.6 cfs 
Major Storm (100 year): 279.5 cfs 

 
• Basin 0S-2 (based on 0% Impervious for Undeveloped, 

Pasture/ Meadow) 
Basin OS-2 is approximately 31.8-acres, and drains most of the 
region south of the site. The topography within this basin ranges 
from 6.5% at the top to 5.1% near the existing channel. Runoff from 
this basin flows to the northeast, and intersects the existing channel 
long the south of the site boundary. Runoff from Sub basin OS-2 
outfalls into the Reach 3 of the swale along the south side of 
the property.  
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Since this sub basin is less than 130 acres, the Rational Method was 
utilized with the following hydrologic parameters and characteristics. 
Area = 31.8 acre. 
 
o Runoff Coefficients 

Minor (5 year) storm = 0.08 
Major (100 year) storm = 0.35 

 
o Time of Concentration: 26.9 minutes 

 
o Estimated Runoff (UDFC Rational)(Appendix. Exhibit 4) 

Minor Storm (5 year): 6.4 cfs 
Major Storm (100 year): 46.9 cfs 
 

o Estimated Runoff (TR55)(Appendix. Exhibit 5) 
Minor Storm (5 year): 17.4 cfs 
Major Storm (100 year): 65.5 cfs 

 
• Basin OS-3 and sub basin D (based on 0% Impervious for 

Undeveloped, Pasture/ Meadow) 
Sub basins OS3 and D were combined since sub basin D is 
relatively small in comparison to OS-3. It is also expected, due to 
the location of the Sub Basin D in the "watershed" that no 
development will occur. Basin OS-3 and D is approximately 13.6 
acres, and drains the region south of the site and east of Basin 
OS-2. The topography within this basin ranges from 4.5% at the 
top to 5.9% near the site’s southeast corner. Runoff from this basin 
flows to the northeast, and outfalls into the existing swale 1 at DP6 
located  near its southeast corner.  

 
Since this sub basin is less than 130 acres, the Rational Method 
was utilized with the following hydrologic parameters and 
characteristics. They were compared with those determined by 
the TR55 Method. 

 
o Area 13.6 acres 

 
o Runoff Coefficients 

Minor (5 year) storm = 0.08 
Major (100 year) storm= 0.35 

 
o Time of Concentration: 31.7  minutes 
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o Estimated Runoff (UDFC Rational Method) 
(Appendix, Exhibit 4):  
Minor storm (5 year) = 2.5 cfs,  
Major Storm (100 year) = 18.2 cfs 

 
o Estimated Runoff (TR55) (Appendix, Exhibit 5): 

Runoff from 0S3 was not determined using the TR55 program. 
The runoff from 0S3 was included with the runoff from sub 
basin D for the developed conditions.  
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IX. HISTORIC ONSITE CONDITIONS 

 General 
The site is bounded on the north and west by Brown Road and 
to the south and east by undeveloped agricultural land. A 
defined drainage channel (Swale 1) runs along the southerly 
boundary of the site, which is tributary to East Cherry Creek. 
The site drains primarily to the south and east, where this 
drainage channel intercepts it.  Stock ponds exist immediately 
upstream and downstream from the site. The subject property 
consists of approximately 40.7-acres, and is divided into five (5) 
historic basins, identified as Basins A through E. Approximately 
255.5-acres of off-site area tributary to the site is divided into 
three (3) basins, labeled OS-1 through OS-3. The hydrologic 
characteristics of these offsite sub-basins are described in the 
previous section. The historic hydrologic conditions of the onsite 
basins are described  in more detail below. The TR55 program 
was used to compare the flows obtained using the Rational 
Method. The TR55 data is shown for information purposes only.  

 
• Sub-basin A (historic) (based on 0% Impervious for 

Undeveloped, Pasture/ Meadow) 
Sub-basin A is approximately 10.7 acres, and drains the 
westerly portion of the site, along Brown Road. The topography 
within this basin ranges between 2.2% and 6.5%. Runoff from 
this basin flows to the south and intersects the existing channel 
at the southerly boundary approximately 250-feet east of Brown 
Road. At this point, flows were evaluated at Design Point 2 
(DP2), where runoff from Basin OS-1 combines with that from 
Basin A. Since this sub basin is less than 130 acres, the 
Rational Method was utilized with the following hydrologic 
parameters and characteristics. They were compared with those 
determined by the TR55 Method. 

 
a) Area 10.7 acres 

• Runoff Coefficients 
• Minor storm (5 year): 0.08 
• Major Storm (100 year): 0.35 

 
b) Time of Concentration: 26.9 minutes 
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c) Estimated Runoff (UDFC Rational Method) (Appendix, Exhibit 4) 

• Minor storm (5 year): 2.2 cfs 
• Major Storm (100 year): 15.8 cfs 

 
d) Estimated Runoff (TR55) (Appendix, Exhibit 5) 

• Minor Storm (5 year): 5.8 cfs 
• Major Storm (100 year): 22.0 cfs  

 
• Sub-basin B (historic) (based on 0% Impervious for 

Undeveloped, Pasture/ Meadow) 
Sub-basin B is approximately 19.6-acres, and drains the central 
portion of the site. The topography within this basin ranges between 
2.1% and 10.4%. Runoff from this basin flows to the southeast, and 
intersects the existing channel near the southeast corner of the 
site. At this point, flows were evaluated at Design Point 4 (DP4), 
where runoff from Basins OS-1, OS-2, and Basin A combine with 
runoff from Basin B. Since this sub basin is less than 130 acres, 
the Rational Method was utilized  with the following hydrologic 
parameters and characteristics. They were compared with those 
determined by the TR55 Method. 

 
o Area 19.6 acres 

 
o Runoff Coefficients 

Minor storm (5 year): 0.08 
Major Storm (100 year): 0.35 

 
o Time of Concentration: 26.3  minutes 

 
o Estimated Runoff (UDFC Rational Method) Appendix, Exhibit 4 

Minor Storm (5 year): 4.0 cfs 
Major Storm (100 year): 29.3 cfs 

 
o Estimated Runoff (TR55) (Appendix, Exhibit 5) 

Minor Storm (5 year): 10.4 cfs 
Major Storm (100 year): 39.4 cfs 

 
The estimated runoff utilizing the Rational Method was used to 
evaluate the hydraulic characteristics of the existing swale that drains 
the sub basin 
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Sub-basin C (historic) (based on 0% Impervious for Undeveloped, 
Pasture/ Meadow) 

Sub-basin C is approximately 5.3-acres, and drains most of the 
easterly portion of the site. The topography within this basin ranges 
from 2.0% to 15.7%. 
 
Runoff from this basin flows to the southeast, and intersects the 
existing channel near the southeast corner of the site, 
approximately 130-feet downstream from DP4. At this point, flows 
are evaluated at Design Point 6 (DP6), where runoff from Basins 
OS-1, OS-2, OS-3, A, B, and D combines with  Basin C.   
Since this sub basin is less than 130 acres, the Rational Method 
was utilized  with the following hydrologic parameters and 
characteristics. They were compared with those determined by 
the TR55 Method. 

 
o Area= 5.3 acres 

 
o Runoff Coefficients 

Minor storm (5 year): 0.08 
Major Storm (100 year): 0.35 

 
o Time of Concentration: 22.8 minutes 

 
o Estimated Runoff (UDFC Rational Method) Appendix, Exhibit 4 

Minor Storm (5 year): 1.2 cfs 
Major Storm (100 year): 8.6 cfs 

 
o Estimated Runoff (TR55) (Appendix, Exhibit 5) 

Minor Storm (5 year): 3.5 cfs 
Major Storm (100 year): 12.6 cfs 

 
 

The estimated runoff utilizing the Rational Method was used to 
evaluate the hydraulic characteristics of the existing swale that drains 
the sub basin 

 
• Sub-basin OS-3 and D (historic) (based on 0% Impervious for 

Undeveloped, Pasture/ Meadow)  
These two sub-basins were combined since the runoff from OS-3 
flows into sub basin D. Sub-basin OS-3 is 12.1 acres and Sub-basin 
is approximately 1.5 acres. The sub basins drain to the 
southeasterly corner of the site. The topography within this basin 
slopes at approximately 12.5%. Runoff from this basin flows to the 
northwest from the southerly side of the existing channel, and 
intersects it near the southeast corner of the site, approximately 
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130-feet downstream from DP4. At this point, flows are evaluated at 
Design Point 6 (DP6), where runoff from Basins OS-1, OS-2, OS-3, 
A, B, and C combine with Basin D. 

 
Since this sub basin is less than 130 acres, the Rational Method 
was utilized with the following hydrologic parameters and 
characteristics. They were compared with those determined by 
the TR55 Method. 

 
o Area = 13.6 areas 

 
o Runoff Coefficients 

Minor storm (5 year): 0.08 
Major Storm (100 year): 0.35 

 
o Time of Concentration: 31.7 minutes 

 
o Estimated Runoff (UDFC Rational Method) (Appendix, 

Exhibit 4)  
Minor storm (5 year): 2.5 cfs 
Major Storm (100 year): 18.2 cfs 

 
o Estimated Runoff (TR55) (Appendix, Exhibit 5) 

Minor storm (5 year): 7.0 cfs 
Major Storm 100 year): 26.7 cfs 

 
The estimated runoff utilizing the Rational Method was used to 
evaluate the hydraulic characteristics of the existing swale that 
drains the sub basin. 

 
Sub-basin E (historic) (based on 0% Impervious for Undeveloped,  

Pasture/ Meadow)  
Sub-basin E is approximately 3.7-acres, and drains the northeast 
corner of the site. The topography within this basin ranges from 2.4% 
to 7.7%. Runoff from  this basin flows to the southeast, and exits the 
site at the eastern boundary, approximately 700-feet south of the 
north boundary. At this point, flows are evaluated at Design Point 7. 
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o Area = 3.7 acres 

 
o Runoff Coefficients 

Minor storm (5 year): 0.08 
Major Storm (100 year): 0.35 
 

o Time of Concentration: 22.5 minutes 
 

o Estimated Runoff (UDFC Rational Method) (Appendix, 
Exhibit 4)  
Minor storm (5 year): 0.8 cfs 
Major Storm (100 year): 6.0 cfs 

 
o Estimated Runoff (TR55) (Appendix, Exhibit 5) 

Minor storm (5 year): 1.9 cfs 
Major Storm 100 year): 7.2 cfs 

 
The estimated runoff was used to evaluate the hydraulic 
characteristics of the existing swale that drains the sub basin. 

 
Combined Offsite and Onsite Sub-basins (historic) at Design Point 
6 (based on 0% Impervious) 

All runoff from the sub-basins described above (sub basins OS-1, 
OS-2, OS-3, A, B, C & D) ultimately leaves the site at Design 
Point 6 which is located at the southeast corner of the site. The 
runoff historically enters an existing stock pond. The physical and 
hydraulic characteristics of this pond are outside the scope of 
this report since there is only negligible increase in runoff for 
both the minor (5 year) and major (100 year) storm events. 

 
Since the total drainage area is greater than 130 acres, the 
NRCS TR55 method was utilized to determine the following 
hydrologic characteristics: 

 
o Drainage area = 292.6 acres 

 
o TR55 Curve Number=  69 (based on an imperviousness of 0%) 

(see Appendix, Exhibit 5) 
 

o Estimated Runoff 
Minor storm (5 year)= 86.2 cfs 
Major Storm (100 year)= 358.5 cfs 
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X. EXISTING DRAINAGE IMPROVEMENTS 

The only drainage facility on this site is a 24-inch corrugated metal 
pipe located under Brown Road at the southwest corner of the site 
(DP 1). This DP is located on the westerly side of the project. The 
stormwater runoff at this location was estimated to be: 

 
o Location: Brown Road 
o Contributing sub basin: OS1 
o Contributing Drainage area: 211.6 
o Method: TR 55 
o Minor storm (5 yr.) = 69.6 cfs 
o Major storm (100 yr.) = 279.5 cfs 

 
The hydraulic characteristics of the existing 24-inch culvert were 
determined by assuming the inverts and the length of the culvert 
since field data was not obtained. This is a safe assumption since 
the outfall "swale" is broad and is expected to have minimal depth 
that would create an "outlet control condition". Based on the 
limitations described, the hydraulic conditions were determined to be 
as follows ( Appendix , Exhibit 6) 

 
o The culvert has a capacity of 20.5 cfs (Appendix, Exhibit 6). 

This is based on a headwater to depth ratio of 1.5. This 
provides an upstream depth of 3.1 feet. 

o The culvert is operating under inlet control since the 
downstream depth is expected to be negligible. 

o The velocity in the culvert was not determined since data 
regarding the pipe slope was not obtained. 

 
Conclusions 

o The existing culvert is undersized to safely accommodate the 
runoff from the 5-year storm event. 

o The runoff from the 100-year event is expected to overtop the 
existing roadway and therefore has the potential of damaging 
the existing roadway cross section. 

 
It is recommended to replace the existing culvert. Since the culvert 
only accommodates runoff from offsite sources, the culvert is to be 
replaced by other  parties and not as part of this subdivision’s 
improvements. 
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XI. DEVELOPED DRAINAGE CONDITIONS  
• Offsite Sub-basin Characteristics for Developed Conditions 

There are no plans to develop the tracts located upstream of the 
project site. Therefore, the hydrologic conditions for the offsite sub 
basins will remain the same, as described Section VIII of this 
report, under the developed conditions. 

 
• Onsite Sub-basin Characteristics for Developed Conditions 

Since the development of this site consists of 5-acre parcels, the 
majority of the hydrologic parameters for onsite sub-basins, 
presented in Section IX, remain the same. The only change is in 
the determination of the Runoff Coefficient and Curve Number. 
The following is a summary of how the runoff coefficients for the 
developed conditions were calculated. 

 
o Drainage Sub Basins identification is the same as existing 

conditions 
 

o Developed Lot Characteristics 
- Typical total lot area = 217,800 square feet (lot size of 5 

acres) 
- Average house footprint = 4,000 square feet 
- Average area for driveways, patios, walkways = 2,500 

square feet  
- Average area to remain in its existing condition = 210,100 

square feet 
 

o Runoff Coefficients (Rational Method "C" coefficient) (Table 6-6, 
CSDCM) (Appendix, Exhibit 4) and TR55 Method "CN" Curve 
Numbers (Tables 2- 2a- 2d) (Appendix, Exhibit 5). Typically, 
published design tables for use with the Rational Method 
and the NCRS Method do not provide runoff coefficients and 
curve numbers for 5-acre developments. It only provides 
values for 2.5 acres and smaller. As a result, the composite 
coefficients (Table 6-6) and curve number (Table 2- 2a- 2d) 
for each developed lot were determined as follows: 
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- Average roof size= 4,000 square feet 
• % Impervious: 90% 
• Rational Method: Minor storm (5 year) runoff coefficient: 

0.73 
•  Rational Method: Major storm (100 year) runoff  

coefficient: 0.81 
• NCRS Curve Number = 98 

 
- Average area for driveways, patios, and walkways = 

2,500 square feet 
• % Impervious: 100% (This is a conservative 

assumption. It assumes a paved driveway as opposed 
to a typical gravel one. 

• Rational Method: Minor storm (5 year) runoff coefficient: 
0.90 

• Rational Method: Major storm (100 year) runoff coefficient: 
0.96 

• NCRS Curve Number= 98 
 

- Average area for "grassed " lawn = 1,200 square feet 
• % Impervious: 0% 
• Rational Method: Minor storm (5 year) runoff coefficient: 

0.08 
• Rational Method: Major storm (100 year) runoff 

coefficient: 0.35 
• NCRS Curve Number= 69 (fair condition) 

 
- Average area in existing condition (Pasture/Meadow) 

= 210,100 square feet 
• Rational Method Impervious: 0% 
• Rational Method: Minor storm (5 year) runoff coefficient: 

0.08 
• Rational Method: Major storm (100 year) runoff 

coefficient: 0.35 
• NCRS Curve Number= 69 

 
The value from Table 6-9 ARC I, instead of Table 6-10 
ARC II, was  used since the "undeveloped" area of the 
lot will not be disturbed and will remain "un-watered/ 
irrigated". 
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- Composite Runoff Coefficients and Curve Numbers for 
developed conditions ( Appendix , Exhibit 4 and 5) 
Exhibit 4 in the Appendix includes the tables used for the 
Rational Method. Exhibit 5 in the Appendix includes the 
tables used for the NCRS method. Based on the above 
assumptions the following composite runoff 
coefficients were determined as follows: 

 
- Developed Conditions: the following is for developed lots 

only and not for offsite areas. 
• % Impervious= 2.8% 
• Rational Method: Minor storm (5 year) runoff 

coefficient: 0.10 (developed conditions) 
• Rational Method: Major storm (100 year) runoff 

coefficient: 0.37 (developed conditions) 
• NCRS Curve Number = 70 

 
- Existing Conditions (for comparison purposes) 
 % Impervious = 0% 
 Rational Method: Minor storm (5 year) runoff 

coefficient: 0.08 (existing conditions) 
 Rational Method: Major storm (100 year) runoff 

coefficient: 0.35  (existing conditions) 
 NCRS Curve Number = 69 
 

- Time of Concentration 
• The time of concentration for each sub-basin remains the 

same.  
 

o Rainfall Intensity 
The rainfall intensity for each sub-basin remains the same 
since the time of concentration remains the same. 

 
o Estimated Runoff 

Based on the above assumptions, runoff for the minor (5 
year) and major (100 year) storms were estimated for each 
sub-basin 

 
 Sub-basin A (developed) 

o Design point = 1 
 

o Drainage Area= 10.7 acres 
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o Runoff Coefficients 

% Impervious = 2.8 
Rational Method: Minor storm (5 year): 0.10 
Rational Method: Major Storm (100 year): 0.37 
NCRS Curve #: 70 

 
o Estimated Runoff 

Rational Method: Minor storm (5 year): 2.7 cfs (see 
Appendix, Exhibit 4) 
Rational Method: Major Storm (100 year): 16.8 cfs 
(see Appendix, Exhibit 4) 
NCRS: 5 year = 6.5 cfs, 100 year = 23.1 cfs 
 

• Sub-basin B (developed) 
o Design Point = 3 

 
o Drainage Area= 19.6 acres 

 
o Runoff Coefficients 

% Impervious = 2.8 
Rational Method: Minor storm (5 year): 0.10 
Rational Method: Major Storm (100 year): 0.37 
NCRS Curve #: 70 
 

o Estimated Runoff 
Minor storm (5 year): 5.0 cfs 
Major Storm (100 year): 31.1 cfs 
NCRS: 5 year = 11.5 cfs, 100 year = 41.3 cfs 

 
• Sub-basin C (developed) 

o Design Point = 6 
 
o Drainage Area= 5.3 acres 

 
o Runoff Coefficients 

% Impervious= 2.8 
Rational Method: Minor storm (5 year): 0.10 
Rational Method: Major Storm (100 year): 0.37 
NCRS Curve #: 70 

 
o Estimated Runoff 

Rational Method: Minor storm (5 year): 1.5 cfs 
Rational Method: Major Storm (100 year): 9.1 cfs 
NCRS: 5 year = 3.8 cfs, 100 year = 13.2 cfs 
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• Sub-basin 0S-3 and D (developed) 
o Design Point = 4 

 
o Drainage Area = 13.6 acres 

 
o Runoff Coefficients 

% Impervious = 0.0 
Rational Method: Minor storm (5 year): .08 
Rational Method: Major Storm (100 year): 0.35 
NCRS Curve #: 69 

 
o Estimated Runoff 

Rational Method: Minor storm (5 year): 2.5 cfs 
Rational Method: Major Storm (100 year): 18.2 cfs 
NCRS: 5 year = 7.0 cfs, 100 year = 26.7 cfs 

 
• Sub-basin E (developed) (flows offsite at DP7) 

o Design Point = 7 
 

o Drainage Area= 3.7 acres 
 

o Runoff Coefficients 
% Impervious= 2.8 
Rational Method: Minor storm (5 year): 0.10 
Rational Method: Major Storm (100 year): 0.37 
NCRS Curve #: 70 

 
o Estimated Runoff 

Rational Method: Minor storm (5 year):1.0 cfs 
Major Storm (100 year): 6.4 cfs 
NCRS: 5 year = 2.1 cfs, 100 year = 7.6 cfs 
 

• Combine Offsite and Onsite Sub-basins (developed) at design 
Point 6 (NCRS Method) (Appendix, Exhibit 5) 
All runoff from the sub-basins described above (sub basins OS-1, OS-2, 
OS-3, A, B, C & D) ultimately leaves the site at Design Point 6 which is 
located at the southeast corner of the site. 

o Design Point = 6 
 

o Drainage Area= 292.6 acres 
 

o Runoff Coefficients 
% Impervious = 2.1 
Rational Method: Minor storm (5 year): Not Applicable 
Rational Method: Major Storm (100 year): Not Applicable 
NCRS Curve #: 70 (+-) 
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o Estimated Runoff (Developed) 

Rational Method: Minor storm (5 year): Not Applicable 
Rational Method: Major Storm (100 year): Not Applicable 
NCRS: 5 year = 86.9 cfs 
NCRS: 100 year = 360.4 cfs 

 
o Estimated Runoff (Historic) 

Rational Method: Minor storm (5 year): Not Applicable 
Rational Method: Major Storm (100 year): Not Applicable 
NCRS: 5 year = 86.2 cfs 
NCRS: 100 year = 358.5 cfs 

 
o Conclusions 

The increase in runoff is negligible for both the minor and 
major storm events as a result of development. 
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XII. PROPOSED IMPROVEMENTS 
 

Culvert Improvements 
The existing culvert (24" CMP) was evaluated in Section X of 
this report. It was determined that the existing 24" culvert had a 
capacity to pass 20.5 cfs based on a headwater to depth ratio 
of 1.5. This is substantially less than the discharge for the 5-
year storm event which is 69.6 cfs. This was determined based 
on the assumptions described in Report Section X. 

 
It is recommended to replace the existing culvert at the time of 
future Brown Road improvements.  The recommended culvert 
described below was sized only for the 5-year storm since 
data regarding the existing and/or proposed roadway at the 
culvert crossing was not available. The final design of the culvert 
will require field data to obtain inverts, roadway cross section, 
and inlet and outlet topography. The design and construction of 
this culvert is not part of this subdivision’s improvements since 
the stormwater runoff from the         subdivision does not impact 
this culvert. 
 
The following recommendation is based on the size culvert 
required to pass the 5-year flow with a limiting headwater to depth 
ratio of 1.5    ( Appendix, Exhibit 6); 

o Criteria 
Minor storm (5 yr.): Headwater to Depth ratio= 1.5 
limit with no roadway overtopping. 
Major Storm (100 yr.): not used in the following concept 
design. 

 
o Recommended culvert 

- Size: 42" RCP Culvert 
- Headwater to depth ratio: 1.5 
- Culvert Capacity = 80 cfs 
- % slope = 1.0 % 
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- Headwater to depth = 1.5 
- Culvert Velocity= 7.8 fps 
- Culvert Depth of Flow= 2.2 
- End treatments: Flared end sections 
- Riprap protection at the outfall: 12" D50, 30 feet 

long by 12 feet wide 
- Concrete low water crossing  

 
  Brown Road Borrow Ditches ( Appendix, Exhibit 8) 

  
o Contributing Runoff from Sub basin areas for the Brown 

Road Borrow Ditches 
Only the east half of Brown Road right of way located within sub 
basin A and the south half of Brown Road right-of-way located 
within sub basins B and E contributes flow into the borrow ditch 
of Brown Road. No runoff from the proposed lot areas of the 
onsite sub basins is collected by the borrow ditches along 
Brown Road. The drainage characteristics of the Brown Road 
borrow ditches (sub basins B1 and B2) are summarized below.  

  
o Brown Road Borrow Ditch along West Property Line 

- Drainage Area: BR1, 0.9 acres 
- Slope: 5.1% 
- Discharge (at DP6): 5 yr. = 1.8 cfs    100 yr. = 3.6 cfs 
- Side Slope: 3 to 1 
- Manning’s Coefficient: 0.035 
- Flow Depth: 5 yr. = 0.2 ft.    100 yr. = 0.3 ft. 
- Velocity: 5 yr. = 3.0 fps   100 yr. = 3.7 fps 
- Froude Number: 5 yr. = 1.24 (supercritical)    100 yr. =1.3 

(supercritical) 
- Recommended Improvements: The existing ditches along 

Brown Road appear to be well vegetated, but with certain 
areas having eroded in the past.  Stone Check Dams with 
average spacing of 50’ intervals where the longitudinal 
roadway slope exceeds 4%, should be installed on the east 
side of Brown Road along the subdivision frontage.  
Additional Stone Check Dams should be constructed on 
both sides of Brown Road with the future ultimate 
improvements. 

 
o Brown Road Borrow Ditch along North Property Line 

- Drainage Area: BR2, 0.9 acres 
- Slope: 2.9% 
- Discharge (at DP6): 5 yr. = 1.6 cfs    100 yr. = 3.2 cfs 
- Side Slope: 3 to 1 
- Manning’s Coefficient: 0.035 
- Flow Depth: 5 yr. = 0.3 ft.    100 yr. = 0.4 ft. 
- Velocity: 5 yr. = 2.3 fps   100 yr. = 2.9 fps 
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- Froude Number: 5 yr. = 0.93 (subcritical), 100 yr. = 1.0 
(Boundary flow) 

Recommended Improvements: The existing ditches along 
Brown Road appear to be well vegetated and without 
significant past erosion.  The cul-de-sac and roadside ditch 
will be graded and improved near the northeast corner of the 
site.  The installation of a Stone Check Dam at the roadside 
ditch outfall at the eastern boundary is recommended. 

 
 
 

Onsite Swales ( Appendix, Exhibit 8) 
There is a total of four (4) grass lined swales that cross the site in 
basically in a north to south direction. Runoff from these swales is 
collected by swale 1 which traverses the site in a west to east 
direction. The onsite swales are characterized by heavy native 
grasses (Manning Coefficient of 0.12), varying slopes (the average 
slopes are shown on the drainage map), wide bottom widths (average 
of 30 feet), and shallow side slopes (average of 0.1 ft to 1). The 
hydraulic characteristics of each swale are summarized in the chart 
entitled “Borrow Ditches and Onsite Swales” included in Exhibit 7 in 
the Appendix.  
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XIII. DETENTION AND WATER QUALITY 
Criteria 
El Paso County Engineering Criteria Manual, Appendix I, contains 
the policies and procedures for Stormwater Quality.  Section 
I.7.1.B provides for exclusions to the requirements to provide Post 
Construction Stormwater Quality facilities.  All areas of the Prairie 
Ridge project qualify for the allowed exemptions.  No water quality 
or detention facilities are required for this site as discussed below. 
  
The project consists of large (5-acre) single-family residential lots 
and dedication of right-of-way for existing Brown Road.  There are 
no activities or improvements that require permanent water quality 
facilities for this project based on the exclusions found in Section 
I.7.1.5.B.2, Section I.7.1.5.B.3 and Section I.7.1.5.B.5. 
 
According to Section I.7.1.B.5, “A single-family residential lot, or 
agricultural zoned lands, greater than or equal to 2.5 acres in size 
per dwelling and having a total lot impervious area of less than 10 
percent” is excluded.  The total area of the site is 39.77 acres.  Of 
the total, 39.57 acres are comprised of 5-acre single-family 
residential lots and the remaining 0.20 acres is right-of-way 
dedication for existing Brown Road.  The total lot imperviousness 
for 5-acre rural residential lots is less than 10%.  The areas of the 
residential lots are excluded.  
 
Section I.7.1.B.2 of the ECM provides exclusion for Roadway 
Redevelopment as follows: “Redevelopment sites for existing 
roadways, when 1 of the following criteria is met: 1) The site adds 
less than 1 acre of paved area per mile of roadway to an existing 
roadway, or 2) The site does not add more than 8.25 feet of paved 
width at any location to the existing roadway”.  The project involves 
adding new gravel surface to the existing Brown Road roadway to 
bring the gravel thickness up to the required thickness in the 
isolated locations along the roadway that have been found to be 
deficient.  No pavement will be added to the roadway (criteria 1).  
The total area of disturbance for adding the new gravel is 0.74 
acres (criteria 1).  The roadway width will not be expanded with 
this project (criteria 2).  The areas of Roadway Redevelopment are 
excluded.       
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Also, Section I.7.1.B.3 excludes Existing Roadway Areas.  “For 
redevelopment sites for existing roadways, only the area of the 
existing roadway is excluded from the requirements of an 
applicable development site when the site does not increase the 
width by 2 times or more, on average, of the original roadway area. 
The entire site is not excluded from being considered an applicable 
development site for this exclusion. The area of the site that is part 
of the added new roadway area is still an applicable development 
site.”.  Again, the project will add new gravel surface to some of 
Brown Road up to 0.74 acres in area.  No new width or pavement 
surface is proposed.  The areas of the Existing Roadway are 
excluded.       
 
Storm Detention is not required for this site since the resulting flow 
increases from development of the site into 5-acre rural residential 
homesites is found to negligible and inconsequential as noted 
below: 
 
Hydrologic for Existing and Developed Conditions (see Report 
Section XI) including all onsite and offsite sub basins OS-1, OS-2, 
OS-3, A, B, C, D & E.  
 
o Estimated Runoff (Historic) 

• Rational Method: Minor storm (5 year): Not Applicable 
• Rational Method: Major Storm (100 year): Not Applicable 
• NCRS: 5 year = 87.0 cfs 
• NCRS: 100 year = 363.1 cfs 

 
o Estimated Runoff (Developed) 

• Rational Method: Minor storm (5 year): Not Applicable 
• Rational Method: Major Storm (100 year): Not Applicable 
• NCRS: 5 year = 87.7 cfs 
• NCRS: 100 year = 365.3 cfs   
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XIV FOUR STEP PROCESS 
The El Paso County Engineering Criteria Manual (Appendix I, Section I.7.2) 
recommends the consideration of a “Four Step Process for receiving water 
protection that focuses on reducing runoff volumes, treating the water 
quality capture volume (WQCV), stabilizing drainageways, and 
implementing long term source controls”. It is determined in the section 
above that this project is exempt from the requirements of Section I.7.1 to 
provide Post Construction Stormwater Management Facilities with Water 
Quality Capture Volume (WQCV).  However, aspects of the Four Step 
Process are considered and implemented in the Prairie Ridge Project as 
discussed below. 
 
Step 1: Reduce runoff by disconnecting impervious area, eliminating 
"unnecessary" impervious area and encouraging infiltration into soils 
that are suitable. 
The impervious areas for the project include roofs, concrete patios and 
sidewalks, and the possibility of asphalt driveways. All runoff from the 
impervious areas drains onto open grassed surfaces. All downspouts for 
each residence are planned to discharge either within landscaped areas or 
natural areas. The majority of the site will remain in its existing natural 
condition. 
 
Step 2: Treat and slowly release the WQCV. 
This project meets the exemptions or providing Post Construction 
Stormwater Management Facilities including facilities with Water Quality 
Capture Volume (WQCV) such as a Full Spectrum Detention Pond and 
therefore does not have the slow release WQCV component.  
 
Step 3: Stabilize stream channels. 
All existing swales will remain covered with the existing natural grasses. All 
of the onsite swales are “U” shaped with wide bottoms widths and flat side 
slopes. The hydraulic analysis of these swales demonstrate that the 
estimated flows are subcritical which are characterized by stable flow and 
low velocities. Based on visual observations the swales are very stable with 
only negligible indications of erosion. The vegetation for each swale 
includes medium height prairie grasses that are periodically mowed. It is not 
anticipated that any of the swales will be modified in the future. It can be 
safely assumed that the negligible increase in flow as a result of 
development will have minimal negative impacts on the existing onsite 
swales. 
 
 Step 4: Implement source controls. 
The rural residential site is not anticipated to contain storage of potentially 
harmful substances or use of potentially harmful substances.  No Site 
Specific or Other Source Control BMP's are required.  
 
 
  



Page 33 of 33   
 
 
 
 

XV. EROSION CONTROL 

The following erosion control measures are recommended. Exhibits 
for all of the  erosion control facilities recommended below. 
• Stone check dams (by others) in the roadside swales under 

supercritical conditions 
• Riprap outlet aprons (by others) at locations where the storm 

sewer exit velocity is great enough to cause excessive erosion. 
• Silt fences are recommended along the lower edge of grading 

activity. 
 

XVI. DRAINAGE FEES 
The site is located in the East Cherry Drainage basin for which there are 
no drainage fees. 
 

XVII. SUMMARY 
This report provides a thorough analysis of the historic and 
developed drainage conditions for the proposed Prairie Ridge 
Subdivision. The property is comprised of 40.7 +/- acres and is 
located on the south and east sides of Brown Road approximately 
0.5 miles north of the intersection of Brown Road and Walker Road. 
The subdivision is to be subdivided into seven (7) consisting of 
areas 5-acres or greater. 

 
The vegetation consists of primarily prairie grass with no trees. There 
is a main         natural drainage way that is located along the southerly side 
of the boundary. It has been demonstrated that there is only a 
negligible increase in runoff as a result of development. Also, based 
on the present engineering criteria for El Paso County a water quality/ 
detention pond is not required.  
 
Erosion control facilities include staked hay bales, erosion control check 
dams, and stone check dams. A small portion of these facilities are to 
be installed with this project while the majority of them are to be 
installed when Brown Road is constructed to its ultimate section. The 
location and details for these are included on the              Storm Water 
Management Plan. Included in the map pocket are drainage maps for 
the Historic Drainage Conditions and the Developed Drainage 
Conditions. No storm water structures        are proposed for this subdivision.  
 
Although storm detention is not provided, the large lot rural residential 
single-family development will have negligible and inconsequential 
increases in storm runoff flows with no effects on the existing site 
drainage and drainage conditions downstream.  The proposed project 
will not, with respect to stormwater runoff or water quality, negatively 
impact the adjacent properties and downstream properties. 
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