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CERTIFICATIONS AND APPROVALS 

 
Engineer’s 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 El Paso County for 
drainage reports and said drainage 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 omission on my part in preparation this report 
 
Signature __________________________________________________________ 
   (Kenneth C. Harrison, P.E.) 
 
Registered Professional Engineer State of Colorado No. _____________________ 
    
Seal 
 
 
 
 
Owner’s Statement 
I, the Owner, Phyllis Didleau have read and will comply with all of the requirements 
specified in this drainage report and plan.  
 
______________________________________________ 

(Signature) 
 
______________________________________________ 

(Phyllis Didleau) 
 
Address:   8250 Forest Heights Drive 

Colorado Springs, CO 80908 
 
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. 
 
Interim El Paso County Engineer/ ECM Administrator 
 
______________________________________________________________________ 
 (Signature)      (Joshua Palmer)   
 
Date: ________________________________  

Daniel Torres
Callout
Please remove interim label. Since the last submittal Josh Palmer was named the County Engineer
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I. REPORT PURPOSE 
The purpose of this study is to evaluate the drainage characteristics for the 
historic and the developed conditions of the Didleau Subdivision Filing 1 (the 
site) in accordance with El Paso County criteria. The subdivision subdivides the 
Didleau tract into three (3) lots for single family residences. This analysis will 
demonstrate that there is only a negligible increase in runoff with the 
development of the site. 
 

II. GENERAL DESCRIPTION 
Location 
The site is a portion of the southwest quarter of Section 9, Township 12 South, 
Range 65 West of the 6th Principal Meridian, El Paso County, Colorado (Exhibit 1, 
Appendix).   

The current tract consists of approximately 32.59 acres with 5.11 acres located 
north of Forest Heights Circle and 27.48 acres located south of Forest Heights 
Circle. It is proposed to subdivide the tract into 3 lots. The sizes of the lots are:  
 

 Lot 1: 5.0 acres north of Forest Heights Circle 
 Lot 2: 5.183 acres south of Forest Heights Circle 
 Lot 3: 7.686 acres south of Forest Heights Circle 
 Lot 4: 12.108 acres south of Forest Heights Circle 
 Tract A: 0.598 acres of the existing 60-foot-wide roadway right of way 

beginning at the easterly right of way line of Herring Road extending 
easterly for approximately 434-feet. 

 Tract B: 2.093 acres from approximately 950 feet east of Herring Road to 
the existing cul-de-sac at the easterly end of Forest Heights Road. 

 The roadway is also designed with two (2) areas to accommodate fire 
trucks.  

 
There is a 40-foot-wide easement where three (3) gas lines are located and run 
north and south. Two (2) carry natural gas are owned and managed by Kinder 
Morgan. The third line carries liquid petroleum and is owned by Magellan. 
Contact information is on “flags” located directly over the lines. It is 
recommended that the contractor notify the companies 72 hours in advance of 
construction.   
 

III. DESIGN CRITERIA AND METHODOLOGY 
The hydrologic and hydraulic characteristics for both the historic and developed 
conditions of the site were evaluated using the following resources; 
 
 Design Manuals 

o El Paso County Drainage Criteria Manual, Volume I.   
The charts and graphs used from this manual are reproduced in Exhibit 4 of 
the Appendix. 
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o City of Colorado Springs Drainage Criteria Manual applicable charts and 
nomographs were included.   
The charts and graphs used from this manual are reproduced in Exhibit 4 of 
the Appendix. 
 

o Soil Survey of El Paso County Area, Colorado United States Department 
of Agriculture, Soil Conservation Service  
(See Appendix, Exhibit 3) 

 
o Flood Insurance Rate Map, Federal Emergency Management Agency 

(See Appendix, Exhibit 2) 
 

o Kettle Creek Drainage Basin Planning Study 
(See Appendix, Exhibit 5) 

 
 Design storms 

o Minor storm: 5-year 
This storm was used to size drainage facilities that cross under Forest 
Heights Circle. 

o Major storm: 100-year 
This storm was used to evaluate overland flow through the subdivision as 
it pertains to impacts on existing residences and the existing roadway 
when overtopped. 

 
 Drainage Areas 

o Areas for the offsite and onsite sub basins were determined from 
topographic mapping from the El Paso County GIS department. This 
mapping was used as the base for the Drainage Map included in a map 
pocket (Exhibit 11, Appendix) at the back of this report. 

 
 Runoff Methods 

o Rational Method  
This method is used to determine runoff quantities for sub basins with less 
than 100 acres. Intensity-Duration-Frequency (IDF) curves were obtained 
from the EPC Drainage Criteria Manual (DCM) (Appendix, Exhibit 4).  
 

 Culvert Evaluation 
Sizing  
o The criteria in Table 6-1 of the Drainage Criteria Manual Chapter 6 were 

used as the criteria by which each culvert was evaluated. 
o The 5-year storm was used to evaluate the culverts with a maximum 

headwater to depth ratio limit of 1.5 prior to roadway overtopping. 
o The 100-year storm was used to evaluate the over topping conditions at 

the three (3) culverts under Forest Heights Drive as well as impacts on the 
existing structures within the vicinity of the existing swales discussed in 
this report. 
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 Drainage Swale and Borrow Ditch Evaluation 
o Onsite and offsite drainage swales and the borrow ditches on both sides 

of Forest Heights Drive were evaluated for erosion potential and depth of 
flow.  

o The assumptions that were made in the evaluation of the culverts are 
described in the pertinent sections of the report 

o The Froude Number was calculated to determine the state of flow, 
subcritical vs. supercritical. Supercritical flow only became an issue when 
excessive velocities were calculated for either the minor of major storm 
events. 
 

 Detention/ Water Quality 
o The detention/ water quality pond requirements are addressed in the 

Section XII. 
 

 Erosion control 
o Erosion issues were identified and evaluated based on the estimated 

velocities in the existing swales .  
 

IV. EXISTING REPORTS, MAPPING AND INFORMATION 
o The project is located in the upper reaches of the Kettle Creek Drainage 

Basin (Appendix, Exhibit 5). 
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 as shown on the Flood Rate Insurance Map, El Paso 
County, Colorado and Incorporated Areas, Map Number 08041C0320G, and dated 
December 7, 2018.  (Appendix, Exhibit 2). New construction within this zone is 
subject to minimal flooding hazards. 

VI. HYDROLOGIC SOILS INFORMATION 
The hydrologic soils groups were obtained from the USDA National Resource 
Conservation Service website for soils types in El Paso County, Colorado 
(Appendix, Exhibit 3). The soils are identified as follows: 
 
o Elbeth sandy loam (SCS No. 26)  
o Kettle Gravelly Loam (SCS No. 40) 

The soils and their detailed characteristics are described in Exhibit 3, Appendix. 
The hydraulic soils group is classified within the B hydrologic group.  
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VII. OFFSITE DRAINAGE CONDITIONS 

Topographic mapping was obtained from El Paso County GIS Department. The 
site drains from northeast to southwest through the site. There are five (5) 
defined drainageways that enter and exit the site. All of the drainageways 
discharge into the Burgess River which discharges into Kettle Creek. The 
vegetation is characterized by highland grasses and Ponderosa Pine trees. The 
areas are typically developed as rural large-acre single-family residential tracts 
with only a small portion of each tract mowed around the residences. The 
majority of the roads that provide access to these tracts are two lane rural gravel 
roads with borrow ditches. 

 
VIII. EXISTING/ PROPOSED CONDITIONS CHARACTERISTICS  

General 
The proposed hydrologic conditions for this site are nearly identical as the 
existing conditions except for the construction of single-family residential 
structures. As a result, both the existing and developed conditions are discussed 
in this section. 
 
The site is primarily hilly with natural drainage ways. The site, both north and 
south of Forest Heights Drive, slope from the northeast to the southwest with an 
average slope of 4.5%. The drainage ways cross Forest Heights Drive via 
corrugated metal culverts at three (3) locations.  
 
The site is vegetated with medium height prairie grasses, small bushes, and 
Ponderosa Pines. A portion of the site was burned by the Black Forest fire in 
2013. There are only negligible signs of erosion except for a small amount in the 
borrow ditches along both sides of Forest Heights Circle. A significant amount of 
ash has silted the existing culverts. 
 
The subdivision is located in northerly end of El Paso County in the upper 
reaches of Kettle Creek (Exhibit 5, Appendix). 
 
Forest Heights Drive 
Forest Heights Drive serves as the primary access for the subdivision. The road 
was initially built in the 1970’s. Minimal maintence has been accomplished since 
then. The proposed construction will be accomplished according to the El Paso 
County criteria. The proposed private road is to be a graveled two-lane road with 
borrow ditches on either side along with three (3) culvert crossings .  The road 
extends approximately 2,450-feet east of the Herring Drive intersection. Forest 
Heights Circle is currently privately owned and maintained. The improvements 
are to extend from the Herring Drive intersection to approximately 2400 feet east 
to an existing cul-de-sac.  
 
The road has a “right-of-way” width of 60 feet with a small portion of only 30-feet 
wide adjacent to and south of the Yonce lot. The road is currently maintained by 
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Jon and Phyllis Didleau. Future maintenance will be through a maintenance 
association” will be  established and executed by the majority of the homeowners 
(Exhibit 12, Appendix)  
 
The road crosses three (3) drainage ways, all of which will be discussed in 
subsequent sections of this report. The approximate locations of the crossings 
are shown on the drainage plan included in (Exhibit 12, Appendix) the back of the 
report.  
 
The erosion and subsequent sedimentation within the project are minimal and 
only occurs during large storm events. The majority of the erosion and 
sedimentation has occurred in sections of the roadside borrow ditches along 
each side of Forest Heights Circle. In order to help minimize erosion and 
sedimentation during construction, BMPs are recommended. The types and 
locations of the BMPS are indicated on the Grading and Erosion Control Plan. 
 
Swales 
The site is drained by five (5) natural swales, three (3) of which cross Forest 
Heights Circle via 18-inch CMP culverts. The water is then carried in a  
southwest direction. All of the swales, with the exception of the borrow ditches 
along Forest Heights Circle, are characterized as follows: 

 The drainage-ways cross the site in a northeast to southwest direct. They 
are characterized by large natural cross sections with large bottom widths 
and gentle side slopes.  

 Seasonally wet areas are located in and along  low areas and at locations 
where seasonal ground water comes to the surface. The approximate 
location of these areas is shown on the Grading and Erosion Control Plan. 
Drainage easements are shown on the plat along the locations of the 
swales. 

 The upper reaches of the Burgess River, noted as swale 1, crosses at the 
most easterly end of Forest Heights Circle at DP2.  

 All of the drainage ways are well established and stable with natural 
vegetation and only a negligible amount of erosion as shown in the 
pictures. 

 All swales were evaluated for Developed Conditions. 
 
Culverts 
A total of three (3) corrugated metal pipe (CMP) culverts routes the water under 
Forest Heights Circle. All three (3) culverts were evaluated based on inlet control 
with a free outfall and no sediment. Each culvert is discussed under the 
applicable Design Point (DP) numbers included in the following sections. As 
explained above, the sediment in the culverts consist of a significant amount of 
ash and silt. The culverts cross under Forest Heights Circle at 150 feet, 1,250 
feet, and 2,250 feet east of the Herring Road intersection. Once under Forest 
Heights Circle the water is routed in a southwesterly direction in natural drainage 
swales with the same characteristics as described above. All of the swales are 

Carlos
Highlight
(Exhibit 12, Appendix)  

Carlos
Text Box
Unresolved Review 2 Comment: Please revise to Exhibit 14. Verify all exhibits cited are accurate. Exhibit 12 shows correspondence from the fire department.

Carlos
Highlight
 (Exhibit 12, Appendix

Carlos
Callout
Revise exhibit number.
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stable with only negligible signs of erosion. Headwater to depth requirements 
were obtained from the nomograph titled Headwater to Depth for  CMP pipe with 
Inlet Control (Exhibit 4, Appendix). The depth of flow for water overtopping the 
road has been evaluated in accordance with the DCMV1, Chapter 6.  
 
Design Points 
The Design Points (DP) shown on the Drainage Map were located where natural  
drainage ways cross Forest Heights Circle, at high points, swale intersections, 
and any other point of interest.  
 
Design Point 1 
Forest Heights Circle is to be improved from Herring Road to a proposed cul-de-
sac located approximately 2,400 feet east of the Herring Road Intersection.  
 
DP1 is located at a high point in the existing and proposed borrow ditch adjacent 
to the proposed cul-de-sac. From this design point the water  discharges both to 
the north and south. The water in the southerly borrow ditch discharges into a 
natural and heavily vegetated swale shown as Swale 2. The water in the 
northerly borrow ditch discharges into a “wetland” area located at the inlet of 
Culvert 1. 
 
Design Point 2 
Runoff from Sub basin A (17.4 Acres) is collected via a natural swale  1. The 
water is then routed to an existing 18” CMP culvert (STR1) which discharges into 
a natural broad swale 2. The culvert is approximately 75% full of ash from the 
2013 fire and negligible amount of sediment from upstream. It is recommended 
that this culvert be replaced with another 18” CMP culvert. Both swales 1 and 2 
are heavily vegetated and only show a negligible amount of erosion (photo 2, 6). 
Special precaution will be needed in constructing the road in the vicinity of the 
culvert. There is a significant number of seasonal wetlands both upstream and 
downstream of the culvert. Approximate boundaries are indicated on the 
Drainage Plan. Accurate identification and boundaries of the wetland areas are 
beyond the scope of this report 
 
Swale 1 has the following physical characteristics: 
Swale 1 collects the water in sub basin A and directs it to the existing 18” culvert 
under the private driveway at DP2. From DP2 the water is routed to DP14 where 
it combines with runoff from sub-basin F. The swale from DP2 to DP14 is noted 
as Swale 2 on the drainage plan. 
 
The physical characteristics for Swale 1 are as follows: 

 Average slope: 4.5 % 
 Bottom width: varies from 50 feet to 75 feet 
 Average side slopes: varies from 15 to 1. 
 Typical vegetation: Highland grasses, bushes and Ponderosa Pines trees. 
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Swale 1 has the following hydrologic/ hydraulic characteristics; 

 Design flow: Q5 = 3.7 cfs, Q100 =24.0 cfs 
 Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet 
 Velocity: 5 year = 1.2 fps, 100 year = 2.7 fps 
 Froude #: 5 year = 0.91 Subcritical, 100 year = 1.16 supercritical. 
 

Discussion:  
The existing swale is very stable with areas of wetlands both upstream 
and downstream of the existing culvert.  

 
Culvert 1 has the following physical characteristics: 

 Size: 18” 
 Material: Corrugated metal pipe 
 Slope: Undetermined 
 Existing Condition: Approximately 75% full of sediment. 
 End Sections: none 

 
Culvert 1 has the following hydrologic/ hydraulic characteristics: 
Existing Conditions: 

 Design flow: Q5 = 3.4 cfs, Q100 = 23.6 cfs 
 Headwater required to pass (for clean pipe): 5 year = 12.8”, 100 year = 

greater than 7.5 feet (significant roadway overtopping occurs) Based on 
conversations with the residents, roadway overtopping has infrequently 
occurred with the larger storm events. 

 
Discussion:  

The existing culvert has minimal capacity due to sedimentation and the poor 
end conditions. Overtopping of the roadway is anticipated even with possibly 
the minor storm event. The downstream end (photo 5) controls the amount of 
water that the culvert can accommodate. The end is buried with 
approximately 75% of sediment where wetlands have been established. 
Sediment removal in the bottom of the existing swale is not recommended 
since this would require excavating the existing wetland areas for a 
significant distance downstream. 

 
Design Point 3 
DP3 is located at the high point between Sub basins A and B (photo 54). Water 
is directed both in an easterly and westerly direction in the existing borrow 
ditches.  
 
Design Point 4 
Runoff from Sub basin B (20.8 Acres) is collected via a natural swale, Swales 3, 
3a, and 3b, and passes under Forest Heights Circle at DP4 (photos 17, 18, 19). 
The water passes under Forest Heights Circle via an 18” CMP, Culvert 2 (photos 
21 and 24). There are areas of wetlands (photo 17) with approximate boundaries 
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indicated on the Drainage Plan. Accurate boundaries for the wetland areas are 
beyond the scope of this report 
 
Swales 3, 3a, 3b have the following average physical characteristics: 

 Average slope: 4.6 % 
 Bottom width: varies from 20 feet to 40 feet 
 Average side slopes: 10 to 1. 
 Typical vegetation: meadow with high grass, bushes, with a few 

Ponderosa Pines. 
 
Swales 3, 3a, 3b have the following hydrologic/ hydraulic characteristics; 

 Design flow: Q5 = 4.6 cfs, Q100 = 29.5 cfs 
 Depth of Flow: 5 year = 0.1 feet, 100 year = 0.3 feet 
 Velocity: 5 year = 1.8 fps, 100 year = 3.7 fps 
 Froude #: 5 year = 1.04 Supercritical, 100 year = 1.26 Supercritical 

 
Discussion:  

Swale 3a and 3b join together at approximately 300 feet upstream of the 
culvert (STR2). The vegetation along the entire length of Swale 3 is well 
established with only a minimal amount of erosion. Wetland areas are located 
in low and flat areas along the swales. Approximate locations of the wetlands 
are shown on the Drainage Plan. There is no evidence of wetlands at either 
the upstream or downstream ends of the culvert (photos 20, 24). 

 
Culvert 2 has the following physical characteristics: 

 Size: 18” 
 Material: Corrugated Metal 
 Slope: Undetermined 
 Condition: ends are crushed, heavy sediment, dense grass and weed 

growth at both the upstream and downstream ends.  
 End Sections: no end sections are present 

 
Culvert 2 has the following hydrologic/ hydraulic characteristics: 

 Design flow: Q5 = 4.6 cfs, Q100 = 29.5 cfs 
 Headwater for clean pipe: 5 year = 15.3” (meets criteria), 100 year = >9ft 

(does not meet criteria, significant road overtopping occurs, no buildings 
are in danger of being inundated) 

 
Discussion: 

The existing culvert has minimal capacity due to the amount of sediment and 
poor end conditions. Overtopping of the roadway is anticipated even with 
minor storm events. The downstream end controls the amount of water that 
the culvert can accommodate. The end is buried approximately 75% in the 
sediment where grass and weeds have choked the exit conditions.  
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Design Point 5 
DP5 is located at the sub basin line between sub basins B and C. This point is 
only slightly higher than the elevation of the existing borrow ditches. As a result, 
a portion of the water that is collected in the borrow ditch east of sub basin B 
flows to the existing culvert at DP7. 
 
Runoff from Sub basin C (3.9 Acres) sheet flows to the borrow ditch along the 
north side of Forest Height Drive (S15). The water is routed to the 18” culvert 
(STR3) at DP7 (photo 30). A small number of trees are located in the borrow 
ditch. In order to not to have to move these trees the road was diverted 6’ to the 
south along the south edge of the Yonce tract. This will allow for the installation 
of the borrow ditch along the north side of the proposed Forest Heights Road 
without disturbing the trees. There are only small pockets of wetlands located in 
depressions in sub basin C where the ground water comes to or near the 
surface. Accurate boundaries of the wetland areas are beyond the scope of this 
report 
 
Swale 5 (Borrow Ditch) will have the following physical characteristics: 

 Average slope: 5.5 % 
 Bottom width:  2 feet 
 Average side slopes: varies from 3 to 1 and 6 to 1. 
 Typical vegetation: meadow grass. 

 
Swale 5 (undefined) has the following hydrologic/ hydraulic characteristics; 

 Design flow: Q5 = 1.8 cfs, Q100 = 8.4 cfs 
 Depth of Flow: 5 year = 0.1 feet, 100 year = 0.1 feet 
 Velocity: 5 year = 1.3 fps, 100 year = 2.4 fps 
 Froude #: 5 year = 1.0 Subcritical, 100 year = 1.2 super critical 

 
Discussion: 

Swale 5 is very stable with only minimal signs of erosion. The swale 
directs water to the northerly borrow ditch along Forest Heights Circle. The 
existing borrow ditch is poorly defined with grasses, bushes and trees. It is 
anticipated that only a minimal amount of water is directed to the west 
along the borrow ditch due to heavy vegetation in the borrow ditch. It is 
expected that much of the storm water enters the roadway and proceeds 
in a westerly direction in the roadway. 

 
Design Point 6 

DP6 is located on the north side of Forest Heights Circle where the ridge 
that separates Sub basin C with Sub basin D is located. All of the runoff 
from Sub basin C enters the northerly borrow ditch along Forest Heights 
Circle and is directed to the west past DP 6 (photo 33). The runoff from 
the south side of Forest Heights Circle (photo 34) is directed to the west 
along the southerly borrow ditch. This water is directed to Culvert 3. Once 
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under the road the water enters Swale 8.  
 
Design Point 7 
Runoff from Sub basin C, D and E  is collected by the borrow ditch along the 
north side of Forest Heights Circle, Swale 7 and Swale 16. Runoff from Sub 
basin E (2.3 acres) is also routed to DP7 via a natural swale (Swale 6). The 
cumulative water (Q5: 5.9 cfs, Q100: 28.7 cfs) passes under Forest Heights 
Circle via an 18” corrugated culvert (STR3) (photo 41, 43). The water is then 
routed to the south in swale 8. Sub basins D and E are developed as single-
family home sites (photo 42). The majority of the lot is mowed. There is no 
evidence of wetlands along swale 6 with the exception of immediately upstream 
of the culvert (STR3). The culvert is almost silted full with ash from the fire in 
2013. The culvert passes only a minimal amount of water. 

 
Swale 6 has the following physical characteristics: 

 Average slope: 6.0 % 
 Bottom width: varies from 20 feet to 30 feet 
 Average side slopes: varies from 10 to 1. 
 Typical vegetation: meadow with high grass and Ponderosa Pine trees 

 
Swale 6 has the following hydrologic/ hydraulic characteristics; 

 Design flow: Q5 = 4.1 cfs, Q100 = 20.3 cfs 
 Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet 
 Velocity: 5 year = 1.9 fps, 100 year = 3.5 fps 
 Froude #: 5 year = 1.18 Supercritical, 100 year = 1.1.37 super critical 
 

Culvert 3 has the following physical characteristics: 
 Size:18” 
 Material: Corrugated Metal Pipe 
 Slope: Undetermined 
 Condition: silted to about 80%. 
 End Sections: none 

 
Culvert 3 has the following hydrologic/ hydraulic characteristics: 

 Design flow: Q5 = 5.9 cfs, Q100 = 28.7 cfs (includes runoff from Sub basin 
C) 

 Depth required to pass: 5 year = 16.7” (meets El Paso County criteria), 
100 year =>9 ft. (does not meets El Paso County criteria except that no 
buildings will be inundated). 

 
Discussion: 

The existing culvert is approximately 80% full of silt and ash from the 2013 
fire and only passes a portion of the minor storm event. It is expected that 
the roadway will be overtopped during the majority of the minor storm 
events and well as all of the major storm events. There are no structures 
downstream that are in danger of being flooded. 
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Design Point 8 

DP8 is located at the high point along Herring Road where the water, 
south of the high point sheet flows to the east onto private property. The 
water sheet flows onto the lot located at the northeasterly corner of the 
Herring Road/ Forest Heights Circle intersection. All of the water is 
collected and is routed to the 18” CMP at DP7. There is no borrow ditch 
along the easterly side of Herring Road. 

 
Design Point 9  

DP9 is located at the northeast quadrant of the Forest Heights and Herring 
Road intersection. Runoff from the easterly half of Herring Road, Sub 
basin E and D sheet flows easterly to Swale 6. Currently, a culvert has not 
been installed at DP9 since all runoff from the easterly half of Herring 
Road is directed to the culvert at DP7.  
 
The swale routes the runoff to the existing 18” CMP culvert (STR3) at 
DP7. There is no culvert under Forest Heights Drive or Herring Road at 
DP9 due to the topography of the sub basin. Runoff from Sub basin E (2.3 
acres), which includes the easterly half of Herring Road, is collected via a 
private natural swale, Swale 6, located within an existing and unplatted 
“lot” located in the northeast corner of the Herring Road and Forest Drive 
intersection. Swale 6 routes runoff to the existing 18” CMP culvert at DP7.  
 
From DP7 the runoff is routed in a broadly defined swale, Swale 8, south 
of Forest Heights Road in a southwesterly direction. The swale is 
characterized by a wide bottom with very gradual side slopes. The area 
which Swale 8 is located in is an extensive seasonal wet area. No erosion 
and sedimentation has been noted along the entire length of Swale 8. The 
hydrologic and hydraulic properties of Swale 8 are described in the DP10 
section below. 

 
Structure 4  

Once the water passes under Forest Heights Drive via Structure 3 at DP7, 
the water is routed to a private 18” CMP (STR4) located under an existing 
paved residential driveway located south of the Forest Heights’ 
subdivision. This driveway is not located in the proposed subdivision. The 
invert of the 18” culvert is significantly higher than the elevation of the 
upstream flowline of Swale 8. This creates the potential to cause upstream 
ponding. No hydrologic and/ or hydraulic information regarding the design 
and placement of this culvert could be obtained. However, based on 
discussions with the current residents, this condition has never been 
observed. It is beyond the scope of this report to adequately evaluate both 
the hydrologic and hydraulics of this culvert.  

 
Culvert 4 is located to the south of the project site under a paved 
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driveway to a private residence. It has the following hydrologic/ hydraulic 
characteristics: 

o Design flow: Q5 = 20.8 cfs, Q100 =124 cfs. This represents runoff 
from B,C,D,E,H, and I. 

o Headwater Depth required to pass:  
 5 year: > over the top of road significantly. 
 100 year > significantly over the top of the private driveway.  

 
As stated above, an evaluation of culvert #4 is beyond the scope of 
this report. The drainage area is considerably larger than the total 
area of the proposed subdivision. Also, additional topo would be 
required of the area upstream of the culvert in order to evaluate the 
conditions during which ponding would occur.  
 

Design Point 10 
DP10 is located where swale 8 and swale 4 combine in a seasonally wet and 
“natural ponding area the area next to Herring road. This area is poorly defined. 
In order to evaluate this area would require significant addition topo and 
manpower in order to develop a reasonably accurate for design flop, ponding 
depth, discharge rates, etc. Due to the minimal effect this development has on 
the hydrologic and hydraulic conditions at DP10 as well as the substantial 
manpower required to produce accurate results, it was deemed that an analysis  
this area would not impact the recommendations made in this report. 
 
Swale 8 and Swale 4 are similar to all of the other swales. They are  stable with 
only negligible signs of erosion. Seasonal wetland areas have been established 
with approximate locations shown on the attached Drainage Plan. Accurate 
identification and location of the wetland areas are beyond the scope of this 
report. 

 
Swale 8  

o Average slope: 3.3 % 
o Bottom width: average of 35 feet. 
o Average side slopes: varies from 3 0  to 1. 
o Typical vegetation: regularly mowed and maintained 

 
Swale 8 has the following hydrologic/ hydraulic characteristics; 

o Design flow: Q5 = 8.7 cfs, Q100 = 43.8 cfs 
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.3 feet 
o Velocity: 5 year = 1.8 fps, 100 year = 3.1 fps 
o Froude #: 5 year = 0.91 Subcritical, 100 year = 1.06  super critical 

 
Swale 4 (within the project site) has the following physical characteristics: 

o Average slope: 3.3 % 
o Bottom width: average of 85 feet. 
o Average side slopes: varies from 3 to 1. 

Daniel Torres
Callout
Review 2 comment: Per the drainage plan Basin A ultimately leads to DP15 and Basin I would not be conveyed to Herring Road. Revise the design accordingly.Review 3: per the drainage plan Basin I is conveyed via swale 8 to Herring Road and therefore culvert 4 does not accept flows from Basin I. Please remove and revise flows accordingly.

Daniel Torres
Callout
Please clarify where swale 4 (basin H) is conveyed to. This paragraph indicates it combines with swale 8 at DP10 yet above it indicates that culvert 4 receives flow from basin H (swale 4). Please revise as necessary as it is not clear where this flow is conveyed.

Daniel Torres
Callout
if the sites developed flows are conveyed and adversely impact this culvert them it must be analyzed/upgraded accordingly.
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o Typical vegetation: regularly mowed and maintained 
 

Swale 4 has the following hydrologic/ hydraulic characteristics; 
o Design flow: Q5 =10.2 cfs, Q100 = 64.2 cfs 
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet 
o Velocity: 5 year = 1.4 fps, 100 year = 2.9 fps 
o Froude #: 5 year = 0.87 Subcritical, 100 year = 1.06  super critical 

 
The swales join at DP 10. This area is a ponding area immediately upstream of 
DP 16 and into the lower sections of swales 4 and 8. An analysis of this area 
would require a significant amount of manpower. It was also deemed that the 
hydraulic and hydrologic conditions created would only have a minimal effect on 
the existing conditions at DP10. 
 
 
Design Point 11 
The following is for information purposes only. The purpose is to describe the 
downstream routing of the stormwater. Any changes to the hydraulic conditions 
at DP11 are determined to be minimal and thus will only have a minimal impact 
on the culvert at this design point.  
 
DP11 is located at the easterly end of the 36” culvert under Herring Road. The 
water from Swale 8 and 4 join at DP10 in a “ponding” and seasonably wet area 
upstream of DP16. The water is then routed in a swale alongside Herring Road. 
The water is routed to a 36” CMP culvert (DP11) under Herring Road. Any 
changes to the hydraulic conditions at DP11 are determined to be minimal and 
thus will only have a minimal impact on the culvert at this design point.  

 
Design Point 12                                                                                                                             
Runoff from Sub basin J (3.4 acres) is collected via Swale 11. Water in this swale 
exits the project site at DP12. The upper end of the swale begins approximately 
at the southerly property line of Lot 3. 
 

Swale 11  
o Average slope: 3.1% 
o Bottom width: average of 60 feet. 
o Average side slopes: varies from 15  to 1. 
o Typical vegetation: regularly mowed and maintained 

 
Swale 11 has the following hydrologic/ hydraulic characteristics; 

o Design flow: Q5 = 1.0 cfs, Q100 = 7.1 cfs 
o Depth of Flow: 5 year = Neg, 100 year = 0.1 feet 
o Velocity: 5 year = 0.6 fps, 100 year = 1.4 fps 
o Froude #: 5 year = 0.7 Subcritical, 100 year = 0.86  subcritical 

 
Design Point 13  

Daniel Torres
Callout
Review 1 comment. Please provide additional discussion regarding swale 8. It appears that swale 8 outfalls to the roadside ditch along Herring Road. Indicate whether the ditch is adequate to accept this flow and whether the flow is contained within the ditch as it flows to the south to DP11.Review 2: unresolved. Please address the review 1 comment.Review 3: unresolved. Staffs concern is the adequacy of the ditch and culvert along Herring Road that is receiving the developed flows from this development. Please analyze the downstream facilities, identify any improvements, and provide a comparison of the existing and proposed flows at DP 10 and 11 to prove that the developments effects are minimal and the downstream facilities are adequate.
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Runoff from Sub basin F (18.7 acres) is collected via an undefined natural swale, 
Swale 10, at DP13 where it combines with Swale 2. Swale 10 enters the 
subdivision at the southeasterly corner approximately 300 feet south of Forest 
Heights Circle.  
 

Swale 10 has the following physical characteristics: 
o Average slope: 5.3 % 
o Bottom width: Average 20 feet 
o Average side slopes: varies from 20 to 1. 
o Typical vegetation: meadow with high grass and Ponderosa Pine 

trees 
 

Swale 10 has the following hydrologic/ hydraulic characteristics; 
o Design flow: Q5 = 3.1 cfs, Q100 = 21.1 cfs 
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.3 feet 
o Velocity: 5 year = 1.7 fps, 100 year = 3.4 fps 
o Froude #: 5 year = 1.09 Supercritical, 100 year = 1.3 Supercritical 

 
Design Point 14 
Runoff from Sub basin A and G (27.3 acres) is collected via a natural swale, 
Swale 2, at DP14 where Swales 2 and 10 intersect. There are wetland areas with 
approximate areas indicated on the Drainage Plan. Accurate identification and 
boundaries for the wetland areas are beyond the scope of this report. 
 

Swale 2 has the following physical characteristics: 
o Average slope: 3.1% 
o Bottom width: average 60 feet 
o Average side slopes: 15 to 1. 
o Typical vegetation: meadow with high grass and Ponderosa Pine 

trees 
 

Swale 2 has the following hydrologic/ hydraulic characteristics; 
o Design flow: Q5 = 5.7 cfs, Q100 = 36.1 cfs 
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.3 feet 
o Velocity: 5 year = 1.5 fps, 100 year = 2.9 fps 
o Froude #: 5 year = 0.84 Subcritical, 100 year = 1.02 Supercritical 

 
Discussion: 
Swale 2 is a broad grass lined swale in a stable condition with only 
negligible indications of erosion. Swale 2 carries the water offsite at DP15. 
Wetlands are located immediately downstream of culvert 1 with 
approximate boundaries indicated on the drainage plan (Photo 6). 
Accurate identification and location of the wetland areas is beyond the 
scope of this report.  
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Design Point 15 
Runoff from Sub basin A, F, and the major portion of G (46.0 acres) is collected 
via a natural swale, Swale 12, and is routed to DP15. The swale is also noted as 
the upper portion of the Burgess River. The characteristics that are listed below 
were obtained from measurements taken from topographic data provided by El 
Paso County for the portion of the Burgess River located in Sub basin G. This 
section of the Burgess River is characterized by large bottom widths, gradual 
side slopes, relatively steep slopes, and  established wetlands. 

 
Swale 12 has the following physical characteristics: 

o Average slope: 6.1% 
o Bottom width: 40 feet 
o Average side slopes: 15 to 1. 
o Typical vegetation: meadow with well-established high grass, 

wetland plant species, and a few Ponderosa Pine trees 
 

Swale 12 has the following hydrologic characteristics; 
o Design flow: Q5 = 9.8 cfs, Q100 = 63.3 cfs 
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.3 feet 
o Velocity: 5 year = 2.2 fps, 100 year = 4.9 fps 
o Froude #: 5 year = 1.2 Supercritical, 100 year = 1.7 Supercritical,  
o BMPs: as shown on the Grading and Erosion Control Plan 

 
Roadside Swales 
The following hydraulic and hydrologic analyses are based on the following 
conditions and assumptions: 

o The areas of the sub basins contributing runoff to the roadside 
borrow ditches were estimated. Typically, not all of the runoff from 
sub basins enters the swales adjacent to the road. Some of the 
water is routed directly to the culvert via existing swales located 
within the sub basin. It was assumed there would be no backwater 
due to limited culvert capacity. However, without further field 
information and culvert analysis, this condition is not possible to 
accurately determine. Included in the drainage areas is one-half of 
the gravel roadway. 

o The developed flows from the 5-year and 100-year storms were 
determined based on the percentage of the area assumed to be 
contributing the runoff. All flows are based on the developed 
conditions. 

o 5 minutes was used for the Time of Concentration for all swales. 
o The slopes of the swales were obtained from the roadway 

construction plans. 
o The physical characteristics of the swales are based on the typical 

section indicated on the construction plans. 
o Types of flow, sub critical and supercritical, were determined for 
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each swale. Recommended BMPs were determined from the 
estimated velocity and not from flow type.  

o BMPs: types and locations are shown on the Grading and Erosion 
Control Plan 

Swale 13 
o Location: North side of Forest Heights Drive from the proposed cul-

de-sac to culvert 2.  A swale does not exist along the southerly side 
of the road. All of the runoff along the southerly side sheet flows 
onto the adjacent property. 

o Drainage Area: 0.71 acres 
o Slope: 6.9% (from roadway construction plans) 
o Design flow: Q5 = 0.9 cfs, Q100 = 2.9 cfs 
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet 
o Velocity: 5 year = 3.2 fps, 100 year = 4.5 fps 
o Froude #: 5 year = 1.83 Super critical, 100 year = 1.98 Super 

critical. Since the velocities are so low it is recommended that only 
an erosion control improvements be installed in the borrow ditch. 
These improvements are indicated in the Grading and Erosion 
Control Plan. 

o BMPs: as shown on the Grading and Erosion Control Plan 
 

Swale 14 
o Location: Roadside swale 14 is located along the north side of 

Forest Heights Drive from DP 4 to DP5. Flow is directed from the 
west to the east. Runoff from a small section of Sub basin 3 is 
handled by this swale.  

o Drainage Area: 0.41 acres 
o Design flow: Q5 = 0.2 cfs, Q100 = 0.6 cfs 
o Slope: 2.1% 
o Depth of Flow: 5 year =  0.1 feet, 100 year = 0.1 feet 
o Velocity: 5 year =  1.3 fps, 100 year = 1.8 fps 
o Froude #: 5 year = 0.9 Subcritical, 100 year =  1.0 unstable, 

subcritical/ supercritical boundary.  
o BMPs: as shown on the Grading and Erosion Control Plan 

 
Swale 15 

o Location: Roadside swale 15 is located along the south side of 
Forest Heights Drive. It extends from DP 5 to a short distance west 
of DP6. This swale collects water from Forest Heights Drive and 
small area along the south side of the road. 

o Drainage Area: 0.27 acres 
o Design flow: Q5 = 0.4 cfs, Q100 = 1.2 cfs 
o Slope: 4.4% 
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.2 feet 
o Velocity: 5 year = 2.1 fps, 100 year = 3.1 fps 
o Froude #: 5 year = 1.37 Super critical, 100 year = 1.5 Super critical.  
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o BMPs: as shown on the Grading and Erosion Control Plan 
 
Swale 16 

o Location: Roadside swale 16 is located along the north side of 
Forest Heights Drive from just west of DP6 to culvert 3. It collects 
water from a portion of Sub basin D. There is no swale along the 
south side of Forest Heights Drive since all of the water flows 
overland to the south away from the road. 

o Drainage Area: 3.75 acres 
o Design flow: Q5 = 2.2 cfs, Q100 = 12.1 cfs 
o Slope: 3% 
o Depth of Flow: 5 year = 0.2 feet, 100 year = 0.5 feet 
o Velocity: 5 year = 3.1 fps, 100 year = 5.0 fps 
o Froude #: 5 year = 1.4 Super critical 100 year = 1.49 Super critical 
o BMPs: as shown on the Grading and Erosion Control Plan 

 
Swale 17 

o Location: Roadside swale 17 is located along the north side of 
Forest Heights Drive from Herring Road to culvert 3. It collects only 
a small Sub basins E and D (0.35 acres) 

o Drainage Area: 0.35 acres 
o Design flow: Q5 = 0.3 cfs, Q100 = 1.3 cfs 
o Slope: 0.6% 
o Depth of Flow: 5 year = 0.1 feet, 100 year = 0.3 feet 
o Velocity: 5 year = 1.0 fps, 100 year = 1.5 fps 
o Froude #: 5 year = 0.53 Subcritical, 100 year = 0.6 Subcritical. 
o BMPs: as shown on the Grading and Erosion Control Plan 

 
 

IX. REPRESENTATIVE DEVELOPED CONDITIONS CHARACTERISTICS 
 
General Overview 
The developed conditions were evaluated based on the following 
conservative assumptions. The assumptions are representative of the type of 
“development” that has historically occurred within the adjacent areas. 

 
Area 
A hypothetical area of 1.5 acres was used to determine average runoff 
coefficients for the developed conditions of an individual lot. The 
improvements to each lot would typically include a residence, landscaping, 
and a gravel driveway.  

 
Composite Runoff Coefficient (representative) 
Area of proposed development: 1.5 acres; C5 = 0.08 C100 = 0.35 

 Roof area: 2800 sf; C5 = 0.73 C100 = 0.81 
 Lawn: 0.5 acres; C5 = 0.12 C100 = 0.39 
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 Gravel Drive: 4,000 sf; C5 = 0.59 C100 = 0.70 
 Composite “C”; C5 = 0.16 C100 = 0.41 

 
Time of Concentration 
Design runoff is determined using the longest time of concentration. It was 
expected that even for the “developed” conditions of the project, the 
controlling time of concentration would be the same as for the existing 
conditions. 
 
The following summarizes the negligible impact that the “developed” 
conditions have on the total runoff at the individual Design Points (Exhibit 8) 
as well as the negligible impact on the hydraulic parameters of each culvert 
(Exhibit 8, Table 4). 
 

X. COMPARISON BETWEEN EXISTING AND DEVELOPED RUNOFF 
All recommended drainage facilities were designed based on developed 
conditions. Since there are only negligible increases in the design flows (see 
Exhibit 8, Tables 1, 2, and 3), subsequent changes to all of the hydraulic 
characteristics; velocity, Froude number, depth, etc.; are minimal.  
 
Subdivision Discharge (at structure #4 under private driveway) 
“Developed” Discharge: 5 year = 20.8 cfs, 100 year = 124.5 cfs 
Negligible changes to hydrologic conditions 
 
Sub Basin B 

 Existing Discharge: 5 year = 4.4 cfs, 100 year = 29.1 cfs 
 “Developed” Discharge: 5 year = 4.6 cfs, 100 year = 29.5 cfs 

Negligible changes to hydrologic conditions 
 

Sub Basin C 
 Existing Discharge: 5 year = 1.4 cfs, 100 year = 7.9 cfs 
 “Developed” Discharge: 5 year = 1.8 cfs, 100 year = 8.4 cfs 
 Negligible changes to hydrologic conditions 

 
Sub Basin D 

 Existing Discharge: 5 year = 2.3 cfs, 100 year = 14.3 cfs 
 “Developed” Discharge: 5 year = 2.7 cfs, 100 year = 14.8 cfs 
 Negligible changes to hydrologic conditions 

 
Sub Basin E 

 Existing Discharge: 5 year = 1.0 cfs, 100 year = 4.9 cfs 
 “Developed” Discharge: 5 year = 1.4 cfs, 100 year = 5.5 cfs 
 Negligible changes to hydrologic conditions 

  

Mikayla Hartford
SW - Textbox with Arrow
Do you mean Exhibit 9?
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Sub Basin D & E 

 Existing Discharge: 5 year = 3.3 cfs, 100 year = 19.2 cfs 
 “Developed” Discharge: 5 year = 3.4 cfs, 100 year = 20.3 cfs 
 Negligible changes to hydrologic conditions 

 
Sub Basin F 

 Existing Discharge: 5 year = 2.8 cfs, 100 year = 20.7 cfs 
 “Developed” Discharge: 5 year = 3.1 cfs, 100 year = 21.1 cfs 
 Negligible changes to hydrologic conditions 

 
Sub Basin G 

 Existing Discharge: 5 year = 2.7 cfs, 100 year = 17.8 cfs 
 “Developed” Discharge: 5 year = 3.0 cfs, 100 year =18.2 cfs 
 Negligible changes to hydrologic conditions 

 
Sub Basin H 

 Existing Discharge: 5 year = 5.3 cfs, 100 year = 34.3 cfs 
 “Developed” Discharge: 5 year = 5.6 cfs, 100 year = 34.7 cfs 
 Negligible changes to hydrologic conditions 

 
Sub Basin I 

 Existing Discharge: 5 year = 2.4 cfs, 100 year = 13.7 cfs 
 “Developed” Discharge: 5 year = 2.8 cfs, 100 year = 14.3 cfs 
 Negligible changes to hydrologic conditions 

 
Sub Basin J 

 Existing Discharge: 5 year = 1.0 cfs, 100 year = 7.1 cfs 
 “Developed” Discharge: 5 year = 1.0 cfs, 100 year = 7.1 cfs It is assumed 

that there will be no development in “J” 
 
XI. PROPOSED DRAINAGE IMPROVEMENTS 

The following drainage improvements are recommended: 
 Grade the cross section of Forest Heights Circle to the revised typical 

section approved by El Paso County for this project (Exhibit 4, Appendix) 
 Replace all of the culverts with 18” RCP culverts with flared end sections. 

The existing culverts are in very poor shape. Both ends are crossed and 
about 75% full of sediment. The ends of the culvert should be installed in 
accordance with El Paso County standards (Exhibit 4, Appendix). Locate 
the inverts for both ends of the culverts at or slightly above the flowline of 
the upstream and downstream swales. The culvert should be installed at a 
sufficient slope to allow for a cleansing velocity to develop. 

 Riprap erosion protection is required as determined in the field during 
construction. At several locations it is anticipated that erosion protection at 
the outfall of the culverts may not be required since the velocities are 

Daniel Torres
Callout
review 2 comment: identify in this report through analysis which culverts require riprap erosion protection and what size, type, width, length, depth.Review 3: Unresolved. Although protection is identified in the CD's, please provide the analysis to back up/prove what is proposed to be installed is adequate.

Daniel Torres
Callout
Previous review comment identified that the culverts shall analyzed and upgraded as required. The report above identifies that the 18" culverts do not meet criteria indicated in DCMV1 Ch6. Please provide the appropriate size needed for these culverts to convey the flow downstream while meeting criteria. 
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minimal and the downstream swale is stable with existing wetland 
vegetative growth and not subject to erosion. 

 Minimize any grading in the areas immediately upstream and downstream 
of the culverts in order to protect the existing “wetlands”. The areas 
occupied by “wetlands” are very stable. Disturbing the areas with grading 
would only increase the erosion potential. 

 Install erosion control facilities as noted on the Grading and Erosion 
Control plan.  

 
XII. DETENTION AND WATER QUALITY 

Since the runoff exits the “development” in numerous locations, installation of a 
detention water quality pond is not practical. Also, the proposed development only 
consists to 3 residential lots each with an estimate area of potential disturbance of 
less than an acre. It is anticipated the area to be disturbed with the addition of one 
(1) residence is as follows;  
 

 Roof area: 2800 sf;  
 Lawn: 0.75 acres; 32,670 sf 
 Gravel Drive: 4,000 sf 
 Total Area to be disturbed = 39,470 acres or 0.9 acres 

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 Forest Heights project qualify 
for the allowed exemptions.  No water quality or detention facilities are 
required for this site as discussed below. 

The project consists of 5-acre and larger single-family residential lots and a 
private gravel road with a 60 foot right of way (Forest Heights Drive). 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 32.59 acres (includes Lots 1 through 3 and the 
tracts along Forest Heights Road  Of the total 32.59 acres are comprised 
of lots varying in size from 5.0 acres to 14.616 acres residential lots and 
the remaining 2.691 acres is right-of-way along Forest Heights Drive. The 
total lot imperviousness for  rural residential lots is less than 10%.   

Mikayla Hartford
SW - Textbox with Arrow
Please add a note that the total proposed disturbance to construct/improve the road will be 3.4ac, to match page two of the ESQCP. 

Daniel Torres
Callout
revise this paragraph as there are now 4 lots and the acreage has changed.
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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 Forest 
Heights Drive roadway to meet El Paso requirements. No asphalt 
pavement will be added to the roadway (criteria 1).  The total area of 
disturbance for adding the gravel is 0.74 acres (criteria 1).  The roadway 
width will  be expanded from  an average of 20’ wide to a consistent 28’ 
width of the travel way (criteria 2).   

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 Forest Heights Drive up to 
0.74 acres in area.  The roadway width will be expanded from an average 
of 20’ wide to a consistent 24’ width of the travel way. 

Additionally, the runoff generated from the impervious areas of the gravel 
road will be treated for water quality by utilizing the runoff reduction 
standard.  Stormwater runoff from the proposed roadway will be collected 
in the roadside ditches and will infiltrate into the ground, evaporate, or 
evapotranspire a quantity of water equal to at least 60% of what the 
calculated WQCV would be if all impervious area for the applicable 
development site discharged without infiltration.  The infiltration areas are 
contained within the private road access easements. Runoff Reduction 
calculations and exhibit are included in the appendix. 

Storm Detention is not required for this site since the resulting flow increases 
from development  is found to negligible and inconsequential as shown in the 
above sections. The comparison between existing flow and developed is 
summarized in Section 10, Comparison Between Existing and Developed Runoff 
of this report. 
 

XIII. EROSION CONTROL  

Mikayla Hartford
SW - Textbox with Arrow
28' or 24'? Revise to remove discrepancy. 

Daniel Torres
Callout
24' width road section would not be supported.

Daniel Torres
Callout
Review 2 comment: as indicated in the review 1 comment, please provide a comparison of the existing/historic flows and developed flows at design points 10,11, 12, & 15.Review 3: section 10 provides the comparison of the basin flows. It does not provide the cumulative flows at the design points (10,11,12, & 15) leaving the site. Please address the above comment. The downstream must be adequate/capable of receiving the sites developed flows without any negative impacts.
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It is recommended that the following erosion control measures be applied 
with the Forest Heights Circle improvements and with the construction of 
the gravel driveways: 

 Erosion control logs 
 Erosion control blanket 
 Seeding and mulching on the disturbed areas 
 Stone Check dams 

 
Erosion control facilities are recommended to minimize erosion in the borrow 
ditches along both sides of Forest Heights Circle as well as along both sides of 
proposed gravel driveways accessing the new residences. The erosion control 
facilities are indicated on the Grading and Erosion Control Plan. It is 
recommended that temporary facilities include the following: 
 

 staked hay bales 
 erosion control logs 
 erosion control blanket 
 stone check dams 
 seeding 

 
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 Forest 
Heights 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 
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(WQCV) such as a Full Spectrum Detention Pond and therefore does not have 
the slow release WQCV component.  
 
Additionally, the runoff generated from the impervious areas of the gravel road 
will be treated for water quality by utilizing the runoff reduction standard.  
Stormwater runoff from the proposed roadway will be collected in the roadside 
ditches and will infiltrate into the ground, evaporate, or evapotranspire a quantity 
of water equal to at least 60% of what the calculated WQCV would be if all 
impervious area for the applicable development site discharged without 
infiltration.  The infiltration areas are contained within the private road access 
easements. Runoff Reduction calculations and exhibit are included in the 
appendix. 
 
Step 3: Stabilize stream channels. 
All existing swales will remain heavily vegetated with the existing natural grasses. 
All of the onsite swales are “U” shaped with wide bottoms widths and gentle side 
slopes. 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. No building will be permitted in an area 
that impedes the existing flow of water.  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. 
 
 

XV. CONSTRUCTION COST ESTIMATE (DRAINAGE IMPROVEMENTS) 
 

Item # Item Description
Approx 

Quant
Units Unit Price Total Cost

1 Remove Existing 18" CMP 150 LF $25 $3,750

2 Install 18" CMP 150 LF $65 $9,750

3 Install 18" CMP Flared End Section 6 EA $750 $4,500

Sub Total $18,000

Contingency (10%) $1,800

Grand Total $19,800
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XVI. DRAINAGE FEE CALCULATIONS 
The drainage fee was determined based on a total of 32.59 acres with the 
development of 4 lots of greater 5 acres each. The site is located in the Kettle 
Creek Drainage Basin which has the following fees per each impervious acre 
(Exhibit 4, Appendix): 
 
2023 Drainage Fee per impervious acre            $  12,463 
2023 Bridge Fee per impervious acre  $             0 
2023 Total Fees per impervious acre  $ 12,463 
 
Total Project Area = 32.59 acres 
% Impervious = 7% per El Paso County for 5 acre lots 
Impervious Area = 2.281 acres 
Fee reduction for 5-acre lots = 25% 
Total Impervious area = 1.711 acres 
 
Total Fees =      $  21,324.19 
 
The Drainage Fees are to be paid prior to the recording of the plat. 

 

  
XVII. SUMMARY 

The report addresses the hydrologic and hydraulic parameters for both the 
existing and developed conditions for the entire site. It has been demonstrated 
that there will be insignificant increases in the runoff for the developed conditions. 
The three (3) existing culverts under Forest Heights Circle were evaluated on a 
limited basis in order to determine the anticipated hydraulic conditions.   
 
It has been demonstrated that the existing 18” culverts do not have sufficient 
capacity due to the sedimentation and vegetative growth inside and around the 
ends of each culvert. It is recommended that these culverts be replaced with 18” 
CMP culverts and the inverts be set so that the culvert can develop self-
cleansing velocities. It has been discussed that extra care be exercised while 
grading the immediate areas upstream and downstream of the culverts where 
seasonally wet areas are located.  Riprap erosion protection is shown at the 
downstream ends of the culverts.  It is expected that the amount and “shape” of 
the riprap will change during construction when addition field conditions are 
discovered.  
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Callout
drainage fees are based on the time of submittal. These can be 2020 drainage fee values ($10,305).
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Text Box
Please also state in your summary/conclusion that this developments flows will not adversely affect the downstream nor the surrounding properties.
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RCP shown on the CD's and indicated on page 22 of this report. Revise.
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Designer:
Company:
Date:
Project:
Location:

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

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

Area Type UIA:RPA UIA:RPA
Area ID North South

Downstream Design Point ID None None
Downstream BMP Type None None

DCIA (ft2) -- --
UIA (ft2) 32,163 32,155

RPA (ft2) 21,609 19,941
SPA (ft2) -- --

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

HSG C/D (%) 0% 0%
Average Slope of RPA (ft/ft) 0.250 0.250
UIA:RPA Interface Width (ft) 2405.00 2352.00

CALCULATED RUNOFF RESULTS
Area ID North South

UIA:RPA Area (ft2) 53,772 52,096
L / W Ratio 0.06 0.06
UIA / Area 0.5981 0.6172
Runoff (in) 0.00 0.00
Runoff (ft3) 0 0

Runoff Reduction (ft3) 1340 1340

CALCULATED WQCV RESULTS
Area ID North South

WQCV (ft3) 1340 1340
WQCV Reduction (ft3) 1340 1340
WQCV Reduction (%) 100% 100%
Untreated WQCV (ft3) 0 0

CALCULATED DESIGN POINT RESULTS (sums results from all columns with the same Downstream Design Point ID)
Downstream Design Point ID None

DCIA (ft2) 0
UIA (ft2) 64,318

RPA (ft2) 41,550
SPA (ft2) 0

Total Area (ft2) 105,868
Total Impervious Area (ft2) 64,318

WQCV (ft3) 2,680
WQCV Reduction (ft3) 2,680
WQCV Reduction (%) 100%
Untreated WQCV (ft3) 0

CALCULATED SITE RESULTS (sums results from all columns in worksheet)
Total Area (ft2) 105,868

Total Impervious Area (ft2) 64,318
WQCV (ft3) 2,680

WQCV Reduction (ft3) 2,680
WQCV Reduction (%) 100%
Untreated WQCV (ft3) 0

Proposed Road

Design Procedure Form:  Runoff Reduction                

TJW
MVE INC.
July 26, 2023
61197-Forest Heights

UD-BMP (Version 3.07, March 2018)
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Velocities in several swales (those that I have highlighted orange on this page and the following Open Channel Flow Calc sheets) exceed 2.5 ft/s. Per DCM Vol. 1 Chapter 10.7, Table 10-4 (linked to the right) for "Maximum Permissible Velocities for Earth Channels with Varies Grass Linings and Slopes," these velocities may be erosive depending on the slope and chosen type of grass. Please use that table with the swale slopes and grass type to determine if additional lining/armoring is required (or choose one of the more erosion resistant grass types, and document this selection in the report text above). 




Channel Slope Lining Permissible Mean Channel


Velocity* (ft/sec)


0 - 5% Sodded grass 7


Bermudagrass 6


Reed canarygrass 5


Tall fescue 5


Kentucky bluegrass 5


Grass-legume mixture 4


Red fescue 2.5


Redtop 2.5


Sericea lespedeza 2.5


Annual lespedeza 2.5


Small grains (temporary) 2.5


5 - 10% Sodded grass 6


Bermudagrass 5







Channel Slope Lining Permissible Mean Channel


Velocity* (ft/sec)


Reed canarygrass 4


Tall fescue 4


Kentucky bluegrass 4


Grass-legume mixture 3


Greater than 10% Sodded grass 5


Bermudagrass 4


Reed canarygrass 3


Tall fescue 3


Kentucky bluegrass 3


*For highly erodible soils, decrease permissible velocities by 25%.


*Grass lined channels are dependent upon assurances of continuous growth and maintenance of grass.
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Text Box
update to the current agreement with all four lots and/or remove this from the report.
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Mikayla Hartford
SW - Textbox with Arrow
Show this hatching type in the Legend

Mikayla Hartford
SW - Textbox
Show existing driveways and approximate footprints of existing homes/structures. That will make it clear where driveway culverts are needed along the ditch (currently no driveway culverts shown on the GEC Plans or Drainage Report map. And we can check if proposed culverts across Forest Heights Dr are pointed at a structure or not. 

Daniel Torres
Callout
Review 2: DP16 data is missing. Please includeReview 3: Unresolved. Please add the data for DP16 in the table

Daniel Torres
Callout
Please update the drainage plan to reflect the 4 lots shown on the plat.

Daniel Torres
Cloud+

Daniel Torres
Cloud+
Please clarify where swale 4 is conveyed to as the narrative indicates that the basin H that contains the swale is accounted for in DP10 and culvert 4indicates that it also receives this flow. Also see comments in the narrative regarding DP10, roadside ditch and DP11 (culvert at Herring Rd).
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