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CERTIFICATION       

DESIGN 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 the County for drainage reports and said report is in 
conformity with the master plan of the drainage basin.  I accept responsibility for any liability 
caused by any negligent acts, errors or omissions on my part in preparation of this report. 
 
 
 
 
 
 
 
SIGNATURE (Affix Seal):                   
       Colorado P.E. No.  49487       Date 

OWNER/DEVELOPER’S STATEMENT 

I, the developer, have read and will comply with all of the requirements specified in this 
Drainage Report and Plan. 
 
Graham Investments, LLC. 
Name of Developer 
 
               
Authorized Signature       Date 
 
               
Printed Name 
 
               
Title 
 
               
Address: 

EL PASO COUNTY  

Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes 1 and 2, El 
Paso County Engineering Criteria Manual and Land Development Code as amended. 
 
 
                        
Josh Palmer, P.E.           Date 
County Engineer/ ECM Administrator           
 
 
Conditions: 
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INTRODUCTION 

GENERAL PROJECT DESCRIPTION 

 

The Property is approximately 3.93± acres total and 2.31± acres are anticipated to be disturbed. 
The Project includes a proposed recycling and refuse transfer station building and attendant 
structure. Water quality and 100-year detention is required for the site and is achieved with the 
existing full spectrum detention pond to the south of the property. The existing detention pond is 
adequately sized for the proposed improvements. Minor modifications to the outlet structure are 
proposed to ensure that water quality detention requirements are met. 

PURPOSE AND SCOPE OF STUDY 

 
The purpose of this Final Drainage Report (FDR) is to provide the hydrologic and hydraulic 
calculations and to document and finalize the drainage design methodology in support of the 
proposed Project. The Project is located within the jurisdictional limits of El Paso County (“the 
County”).  Thus, the guidelines for the hydrologic and hydraulic design components were based 
on the criteria for the County and City of Colorado Springs, described below.  

LOCATION 

 
The Project is located at Lot 4 (TSN: 5233002013) of the Barbarick Subdivision, just east of 
Vollmer Rd and northeast of the major intersection of Black Forest Rd and Woodmen Rd. Lot 4 
is 5.29 acres. The Project is within a 3.93 acre leased boundary within Lot 4 (Site). More 
specifically the project location exists within a portion of the southwest Quarter of Section 33, 
Township 12 South, Range 65 West of the 6th Principal Meridian, County of El Paso, State of 
Colorado. The Site is bounded by industrial lots zoned I-2 (BWH Properties LLC) & I-3 (HW 
Diesel Enterprises LLC) to the north and west, respectively. The Site is bounded by existing 
residential zoned lots to the east, and an undeveloped residential lot to the south. A vicinity map 
has been provided in the Appendix A of this report. 

DESCRIPTION OF PROPERTY 

 
The Site is mostly undeveloped and gravel in landcover. Lot 4 is an existing business, which is 
outside of the limits of the Project and will remain. The purpose of this Project is to construct a 
recycling and refuse transfer facility which includes a building enclosure, scale house with 
ground scales, detention pond outlet structure modification, and landscape buffering as required 
for County code compliance. Lot 4 of the Barbarick Subdivision is inclusive of an existing full 
spectrum extended detention basin (“EDB”). The Site currently provides water quality and 100-
year detention for the Project Area.  

The existing topography generally slopes from north to south at approximately 3.0%. 

NRCS soil data is available for this Site and it has been noted that soils onsite are generally 
USCS Type A/B. The NRCS soil data can be found in Appendix B. There are no major 
drainage ways or irrigation facilities within the Site.  

Carlos
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DRAINAGE BASINS 

MAJOR BASIN DESCRIPTIONS 

 
The Site improvements are located in Zone X, as determined by the Flood Insurance Rate Map 
(FIRM) number 08041C0533G effective date, December 7, 2018 (see Appendix D). 
 
The Project is located within El Paso County’s Sand Creek Drainage Basin (FOFO4000). 

EXISTING SUB-BASIN DESCRIPTIONS 

Historic and existing drainage patterns are described in detail in the FDR for the Barbarick 
Subdivision, by Matrix Design Group, dated June 6, 2016. In the existing condition, runoff flows 
from north to south via sheet and concentrated flow over developed and undeveloped land to 
the existing EDB located to the south of the Site. Below is a description of the existing onsite 
and off-site sub-basins. For the existing condition, the total weighted basin imperviousness is 
73.8% and the cumulative direct runoff for the 5-year and 100-year storm events are 29.46 cfs 
and 55.96 cfs, respectively.  

Sub-Basin E1 

Sub-Basin E1 consists of the entrance to the Site, beginning at the dead end of Cliff Allen Pt. E1 
is 0.39 acres in size and yields an impervious value of 55.3%. This Sub-Basin accepts flows 
from the adjacent off-site basin, OE1, to the north. The central section of this Sub-Basin directs 
flows from the adjacent offsite Sub-Basins and runoff generated within, westwards via vegetated 
swale. Runoff during the 5-year and 100-year storm events are 0.91 and 1.92 cfs, respectively. 
Concentrated flows in this Sub-Basin outfall into an existing culvert at design point E1, which 
runs southwards to the existing EDB to the south of the Site. See Appendix I for the Existing 
Conditions Drainage Map. 

Sub-Basin E2 

Sub-Basin E2 consists of the rest of the Site, including the existing EDB to the south of the Site. 
E2 is approximately 2.59 acres in size and yields an impervious value of 62.1%. This Sub-Basin 
accepts flows from adjacent off-site basins OE2, OE3, and OE4, to the north and west. Flows 
accepted from off-site and generated on-site flow into the existing EDB at design point E2 via 
sheet flow with minimal concentrated flows. Runoff during the 5-year and 100-year storm events 
are 5.75 and 11.64 cfs, respectively. The existing EDB is designed to store up to 1.49 ac-ft to 
the spillway (Elev: 7023.20). Flows are detained within the EDB and are released downstream 
at design point ED and outfall to the south, into Sand Creek. See Appendix I for the Existing 
Conditions Drainage Map. 

Sub-Basin OE1 

Sub-Basin OE1 is the offsite sub-basin just to the north of sub-basin E1. OE1 is approximately 
2.34 acres in size and yields an impervious value of 77.5%. Existing land cover for this basin 
can be described as compacted gravel. The existing land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 6.43 and 12.00 cfs 
respectively. Flows generated within OE1 flow into sub-basin E1 at design point OE1 and 
ultimately outfall into the EDB to the south of the Site. See Appendix I for the Existing 

Carlos
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Conditions Drainage Map. 

Sub-Basin OE2 

Sub-Basin OE2 is the offsite sub-basin just to the north of sub-basin E2. OE2 is approximately 
2.48 acres in size and yields an impervious value of 80%. Existing land cover for this basin can 
be described as compacted gravel. The existing land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 7.34 and 13.56 cfs 
respectively. Flows generated within the OE2 flow into sub-basin E2 and ultimately sheet flow 
into the EDB to the south of the Site. See Appendix I for the Existing Conditions Drainage Map. 

Sub-Basin OE3 

Sub-Basin OE2 is the offsite sub-basin just to the northwest of sub-basin E2. OE3 is 
approximately 1.14 acres in size and yields an impervious value of 80%. Existing land cover for 
this basin can be described as compacted gravel. Land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 3.52 and 6.51 cfs 
respectively. Flows generated within the OE3 flow into sub-basin E2 at design point OE3 and 
ultimately sheet flow into the EDB to the south of the Site. See Appendix I for the Existing 
Conditions Drainage Map. 

Sub-Basin OE4 

Sub-Basin OE4 is the offsite sub-basin just to the west of sub-basin E2. OE4 is approximately 
0.82 acres in size and yields an impervious value of 80%. Existing land cover for this basin can 
be described as compacted gravel. Land-use for this sub-basin is vehicular and modular 
storage. Runoff during the 5-year and 100-year storm events are 2.46 and 4.54 cfs respectively. 
Flows generated within the OE4 flow into sub-basin E2 at design point OE4 and enter the EDB 
as concentrated flow to the southwest of the Site. See Appendix I for the Existing Conditions 
Drainage Map. 

Sub-Basin OE5 

Sub-Basin OE5 is the offsite sub-basin just to the east of sub-basin E2 and south of E1. OE5 is 
approximately 0.97 acres in size and yields an impervious value of 75.3%. Existing land cover 
for this basin can be described as compacted gravel. Land-use for this sub-basin is an existing 
diesel mechanic shop. Runoff during the 5-year and 100-year storm events are 3.05 and 5.79 
cfs respectively. Flows generated within the OE5 flow into sub-basin E2 at design point OE5 
and enter the EDB as concentrated flow to the southeast of the Site. See Appendix I for the 
Existing Conditions Drainage Map. 

PROPOSED SUB-BASIN DESCRIPTIONS 

In the proposed condition, runoff flows from north to south via sheet and concentrated flows 
over developed land and within proposed storm sewer infrastructure to the existing EDB. Below 
are descriptions for the proposed on-site and off-site sub-basins. For the proposed condition, 
the total weighted basin imperviousness is 75.5% and the cumulative direct runoff for the 5-year 
and 100-year storm events are 30.59 cfs and 57.81 cfs, respectively.  
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Sub-Basin P1 

Sub-Basin P1 consists of the entrance to the Site, beginning at the dead end of Cliff Allen Pt. P1 
is 0.31 acres in size and yields an impervious value of 81.7%. This Sub-Basin accepts flows 
from the adjacent off-site basin, O1, to the north. The central section of this Sub-Basin is subject 
to a portion of the Site improvements including truck scales and a 250 sf attendant shelter for 
facility operation. This sub-basin directs flows from the adjacent offsite sub-basins and runoff 
generated within, centrally, towards the proposed CDOT Type C grated area inlet at design 
point P1. Runoff during the 5-year and 100-year storm events are 1.16 and 2.14 cfs, 
respectively. These flows are then conveyed through a proposed 18” PVC pipe, tying into the 
existing 30” HDPE pipe to the east. These flows are discharged into the pond along with the 
bypass flows from Woodmen View Storage, as shown in the existing drainage report by Matrix 
Design Group dated June 6, 2016. See Appendix G for the existing drainage report and 
Appendix I for the Proposed Conditions Drainage Map. 

Sub-Basin P2 

Sub-Basin P2 consists of the area just west of sub-basin P1. P2 is 0.15 acres in size and yields 
an impervious value of 76.4%. P2 accepts flows from the adjacent off-site sub-basin, O2, to the 
north. This sub-basin is subject to a portion of the Site improvements including the truck scales, 
attendant shelter, and vegetated swale. Runoff during the 5-year and 100-year storm events are 
0.53 and 1.00 cfs, respectively. Flows in this sub-basin are routed towards and into the 
proposed vegetated swale which conveys flows into the existing storm inlet and 24” CPP at 
design point P2. These flows are discharged into the existing pond as they do in the existing 
condition, but at a lesser quantity due to the decrease in tributary area. See Appendix I for the 
Proposed Conditions Drainage Map. 

Sub-Basin P3 

Sub-Basin P3 consists of the area just west of sub-basin P2 and a portion of the proposed drive 
isle, to the north of the proposed transfer station. P3 is 0.11 acres in size and yields an 
impervious value of 82.2%. P3 accepts flows from the adjacent off-site sub-basin, O4, to the 
north. Site improvements proposed within sub-basin P3 are the 4’ concrete drainage pan and 
CDOT Double Type C grated area inlet. Runoff during the 5-year and 100-year storm events are 
0.41 and 0.76 cfs, respectively. Flows in this sub-basin are routed towards and into the 
proposed inlet at design point P3. These flows are then routed westerly and southwardly within 
the proposed 24” PVC storm sewer pipe, into the existing detention pond to the south. See 
Appendix F for Inlet Capacity Calculations and for StormCAD Modeling, and Appendix I for the 
Proposed Conditions Drainage Map.  

Sub-Basin P4 

Sub-Basin P4 consists of the area just west of sub-basin P3 and a portion of the proposed drive 
isle, to the north of the proposed transfer station. P4 is 0.11 acres in size and yields an 
impervious value of 82.3%. P3 accepts flows from the adjacent off-site sub-basin, O5, to the 
north. Site improvements proposed within sub-basin P4 are the 4’ concrete drainage pan and 
CDOT Double Type C grated area inlet. Runoff during the 5-year and 100-year storm events are 
0.41 and 0.75 cfs, respectively. Flows in this sub-basin are routed towards and into the 
proposed inlet at design point P4. These flows are then routed westerly and southwardly within 
the proposed 24” PVC storm sewer pipe, into the existing detention pond to the south. See 
Appendix F for Inlet Capacity Calculations and for StormCAD Modeling, and Appendix I for the 
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Proposed Conditions Drainage Map.  

Sub-Basin P5 

Sub-Basin P5 consists of the area just west of sub-basin P4 and includes proposed drive isle, to 
the west of the proposed transfer station. P6 is 0.13 acres in size and yields an impervious 
value of 82.0%. P5 accepts flows from the adjacent off-site sub-basin, O6, to the north and 
west. Site improvements proposed within sub-basin P4 are the 4’ concrete drainage pan and 
CDOT Type C grated area inlet. Runoff during the 5-year and 100-year storm events are 0.50 
and 0.91 cfs, respectively. Flows in this sub-basin are routed towards and into the proposed 
inlet at design point P4. These flows are then routed southwardly within the proposed 24” PVC 
storm sewer pipe, into the existing detention pond to the south. Any flows bypassing the 
proposed inlet will surface flow into the existing detention pond to the south. See Appendix F 
for Inlet Capacity Calculations and for StormCAD Modeling, and Appendix I for the Proposed 
Conditions Drainage Map. 

Sub-Basin P6 

Sub-Basin P6 consists of the majority of the Site. Improvements within this sub-basin include 
the proposed transfer station building and paved access, numerous concrete drainage pans, 
and outlets of the proposed storm infrastructure. P6 also consists of the existing detention pond 
and outlets of the existing storm infrastructure. Sub-basin P6 is 2.04 acres in size and yields an 
impervious value of 58.9%. P6 accepts surface flows from the adjacent off-site sub-basin, O3, to 
the north as well as flows from sub-basins P1-P5 via existing and proposed stormwater 
infrastructure. All existing and proposed storm pipes daylight into the existing detention facility. 
Runoff during the 5-year and 100-year storm events are 4.12 and 8.62 cfs, respectively. These 
flows are then routed via surface flows southwardly into the existing detention pond. A portion of 
these flows will channelize within the proposed concrete drainage pan and discharge into the 
existing pond as well. The existing detention pond is sized adequately to meet the required 
water quality and detention requirements. See Appendix F for the Pond Capacity and Outlet 
Structure Design spreadsheet calculations, Appendix F for StormCAD Modeling, and 
Appendix I for the Proposed Conditions Drainage Map. 

Sub-Basin R1 

Sub-Basin R1 consists of the westerly half of the proposed transfer station building and 
associated roof drain system. R1 is 0.14 acres in size and yields an impervious value of 90%. 
Runoff during the 5-year and 100-year storm events are 0.43 and 0.79 cfs, respectively. These 
flows are captured within the gutter and routed into three evenly spaced downspouts. The 
downspouts are then tied into the proposed 24” PVC storm sewer pipe to the west, and 
eventually discharging into the existing detention facility. See Appendix F for Inlet Capacity 
Calculations and for StormCAD Modeling, and Appendix I for the Proposed Conditions 
Drainage Map. 

Sub-Basin R2 

Sub-Basin R2 consists of the easterly half of the proposed transfer station building and 
associated roof drain system. R2 is 0.14 acres in size and yields an impervious value of 90%. 
Runoff during the 5-year and 100-year storm events are 0.43 and 0.79 cfs, respectively. These 
flows are captured within the gutter and routed into three evenly spaced downspouts. The 
downspouts are then tied into the proposed 24” PVC storm sewer pipe to the north, and 
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eventually discharging into the existing detention facility. See Appendix F for Inlet Capacity 
Calculations and for StormCAD Modeling, and Appendix I for the Proposed Conditions 
Drainage Map. 

Sub-Basin O1 

Sub-Basin O1 is the offsite sub-basin just to the north of sub-basin P1. O1 is approximately 1.51 
acres in size and yields an impervious value of 76.1%. Existing land cover for this basin can be 
described as compacted gravel. The existing land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 4.06 and 7.63 cfs 
respectively. Flows generated within O1 flow into sub-basin E1 at design point O1 and 
ultimately outfall into the EDB to the south of the Site, along with the flows generated within E1. 
See Appendix I for the Proposed Conditions Drainage Map. 

Sub-Basin O2 

Sub-Basin O2 is the offsite sub-basin just to the north of sub-basin P2. O2 is approximately 0.74 
acres in size and yields an impervious value of 80.0%. Existing land cover for this basin can be 
described as compacted gravel. The existing land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 2.20 and 4.06 cfs 
respectively. Flows generated within O2 flow into sub-basin E2 at design point O2 and 
ultimately outfall into the EDB to the south of the Site, along with the flows generated within E2. 
See Appendix I for the Proposed Conditions Drainage Map. 

Sub-Basin O3 

Sub-Basin O3 is the offsite sub-basin just to the north of sub-basin P6. O3 is approximately 0.44 
acres in size and yields an impervious value of 80.0%. Existing land cover for this basin can be 
described as compacted gravel. The existing land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 1.30 and 2.40 cfs 
respectively. Flows generated within O3 flow into sub-basin E3 at design point O3 and 
ultimately outfall into the EDB to the south of the Site, along with the flows generated within P6. 
See Appendix I for the Proposed Conditions Drainage Map. 

Sub-Basin O4 

Sub-Basin O4 is the offsite sub-basin just to the north of sub-basin P3. O4 is approximately 1.05 
acres in size and yields an impervious value of 80.0%. Existing land cover for this basin can be 
described as compacted gravel. The existing land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 3.16 and 5.84 cfs 
respectively. Flows generated within O4 flow into sub-basin P3 at design point O4 and 
ultimately outfall into the EDB to the south of the Site, along with the flows generated within P3. 
See Appendix I for the Proposed Conditions Drainage Map. 

Sub-Basin O5 

Sub-Basin O5 is the offsite sub-basin just to the north of sub-basin P4. O5 is approximately 1.08 
acres in size and yields an impervious value of 80.0%. Existing land cover for this basin can be 
described as compacted gravel. The existing land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 3.25 and 6.01 cfs 
respectively. Flows generated within O5 flow into sub-basin P4 at design point O5 and 
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ultimately outfall into the EDB to the south of the Site, along with the flows generated within P4. 
See Appendix I for the Proposed Conditions Drainage Map. 

Sub-Basin O6 

Sub-Basin O6 is the offsite sub-basin just to the north and west of sub-basins P4 and P5. O6 is 
approximately 1.14 acres in size and yields an impervious value of 80.0%. Existing land cover 
for this basin can be described as compacted gravel. The existing land-use for this sub-basin is 
vehicular and modular storage. Runoff during the 5-year and 100-year storm events are 3.52 
and 6.51 cfs respectively. Flows generated within O6 flow into sub-basin P5 at design point O6 
and ultimately outfall into the EDB to the south of the Site, along with the flows generated within 
P5. See Appendix I for the Proposed Conditions Drainage Map. 

Sub-Basin O7 

Sub-Basin O7 is the offsite sub-basin just to the west of sub-basins P5 and P6. O7 is 
approximately 0.82 acres in size and yields an impervious value of 80%. Existing land cover for 
this basin can be described as compacted gravel. Land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 2.64 and 4.54 cfs 
respectively. Flows generated within the O7 flow into sub-basin P6 at design point O7 and enter 
the EDB as concentrated flow to the southwest of the Site. See Appendix I for the Proposed 
Conditions Drainage Map. 

Sub-Basin O8 

Sub-Basin O8 is the offsite sub-basin just to the south of sub-basins P1 and P2 and east of P6. 
O8 is approximately 0.82 acres in size and yields an impervious value of 76.7%. Existing land 
cover for this basin can be described as compacted gravel. This sub-basin consists of the 
existing Diesel Mechanic Shop: Dirt Road Diesel. Runoff during the 5-year and 100-year storm 
events are 2.66 and 5.06 cfs respectively. Flows generated within the O8 flow into sub-basin P6 
at design point O8 and enter the EDB as concentrated flow to the south of the Site. See 
Appendix I for the Existing Conditions Drainage Map. 

DRAINAGE DESIGN CRITERIA 

DEVELOPMENT CRITERIA REFERENCE 

The proposed storm facilities are designed to be in compliance with the City of Colorado 
Springs and El Paso County “Drainage Criteria Manual (DCM)” dated October 2018 (”the 
MANUAL”), El Paso County “Engineering Criteria Manual” (“the Engineering Manual”), Chapter 
6 and Section 3.2.1 of Chapter 13 of the City of Colorado Springs Drainage Criteria Manual 
dated May 2014 (“the Colorado Springs MANUAL”).  

There are no known master plans or studies for the Site. 

HYDROLOGIC CRITERIA 

The 5-year and 100-year design storm events were used in determining rainfall and runoff for 
the existing and proposed condition drainage analysis per the MANUAL and DCM. The rainfall 
depths for the Site were determined from Table 6-2 from the DCM. Refer to Table 1 below for 
the rainfall depths utilized for the Site and Appendix E for the hydrologic calculations for the 
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Site.  

Table 1: Rainfall Depths (IN) 

 Duration (HRS) 

Storm Event 1 HR 

5 Year 1.50 IN 

100 Year 2.52 IN 

Calculations for the runoff coefficients and percent imperviousness are included in the 
Appendix E. The rational method was used to determine the peak flows for the Project. These 
flows were used to determine the size of the proposed inlets, culvert, storm drain system and 
on-site swales.  

The proposed impervious values in Table 6-6 of the DCM were utilized in this report for the final 
design.  

The existing Site provides one full spectrum extended detention basin. The Site is maintaining 
the historic drainage patterns as much as possible. 

There are no additional provisions selected or deviations from the criteria in both the MANUAL 
and Colorado Springs MANUAL.  

HYDRAULIC CRITERIA 

Applicable design methods were utilized to confirm the size of the EDB, which includes the use 
of the UD-Detention spreadsheet and rational calculations spreadsheet. Storm sewer sizing and 
hydraulic grade line calculations were computed using StormCAD implementing the standard 
step method. Bentley FlowMaster (Edition Update 3) was used for the sizing and analysis of the 
western drive isle/drainage pan, proposed roof drains, and proposed 18” PVC storm pipe 
connecting to the existing 30” HDPE storm pipe to the east of the Site.  
 
Proposed drainage features on-site have been analyzed and sized for the following storm 
events: 
 

• Major Storm: 100-year Storm Event 
 

One EDB is exists on Site and provides the required water quality capture volume, EURV 
volume and 100-year detention. The existing EDB is located to the south of the Site with an 
existing volume of 2.89 ac-ft and designed for the 100-year storm event. The minimum required 
volume for the EDB, in the proposed condition, is 1.387 ac-ft. Developed flows from the Site will 
be released at controlled rates from the EDB and is ultimately tributary to Sand Creek. Flows 
that are discharged from the pond will continue south through rip rap, low-tailwater basin for 
energy dissipation before continuing south. As flows continue south via historic drainage 
patterns, they will channelize and be conveyed through a 24” corrugated metal pipe (per ALTA 
Survey by LDC, Inc dated 10/20/2021), running beneath the existing gravel road. It is stated in 
the existing FDR for the Barbarick Subdivision that this pipe is 12” and that flows in excess of 
5.7 cfs would overtop the gravel road, creating a tailwater elevation of 7018.0. This gravel road 
and corrugated metal pipe will be eliminated in the development of Sterling Ranch. EDB 

Carlos
Highlight
. The existing EDB is located to the south of the Site with an 
existing volume of 2.89 ac-ft

Carlos
Callout
Please clarify existing EDB volume. See highlighted section in page 6. 
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calculations are provided in the Appendix F. The EDB is designed to release the 100-year flow 
rates below the pre-development flow rate and at or below the anticipated 100-year flows from 
the final drainage report for the property immediately to the south. The existing EDB as-built 
certification document “Pond As-Built Verification for Barabrick Subdivision Lots 1-4 
Construction”, prepared by Matrix Design Group, dated January 16, 2017, was utilized for EDB 
storage calculations and design of the outlet structure modification. The EDB as-built 
certification is included in the Appendix G. See the “Compliance with Previous Studies” section 
of this report for specific flow rates and compliance details. 
 
Concrete drainage pans, area inlets, grass lined swales, and storm sewer pipes are designed to 
carry flows to the EDB. Calculations for the proposed improvements are provided in the 
Appendix F and the design points are provided in the Proposed Drainage Map located in 
Appendix I.  
 
Emergency overflows will be routed over the southern embankment of the pond through the 
emergency spillway. It will follow the historic drainage patterns that conveys drainage southward 
towards Sand Creek.  

THE FOUR STEP PROCESS 

The Project was designed in accordance with the four-step process to minimize adverse 
impacts of urbanization, as outlined in the County’s “Four-Step Process” for selecting structural 
BMPs (ECM Section I.7.2 BMP Selection). 
 

Step 1. Employ Runoff Reduction Practices - The Project is proposing a recycling and 
refuse transfer station. Although the proposed condition increases the Site impervious 
area by 1.7%, the cumulative direct runoff for the 100-year event only increases by 1.85 
cfs. The proposed grading and underground storm system were designed to broadly 
distribute on-site and off-site flows and slow the runoff velocity and reduce runoff peaks. 
The existing full spectrum detention pond will be used to capture and maintain flows 
discharging off Site at or below historic levels. The existing pond is sized adequately for 
the proposed improvements and only requires a modification of the outlet structure’s 
restrictor plate.  

 
Step 2. Stabilize Drainageways – Proposed drainage ways are stabilized by designing 
them with slopes that control the flow rates. Concrete drainage pans are utilized in areas 
of concentrated flow to better convey flows to the proposed inlets or discharge points. 
Discharge points feature adequately sized rip rap pads which will be constructed to 
reduce the velocities of runoff entering the pond. It is anticipated this will minimize 
erosion.  
 
Step 3. Provide Water Quality Capture Volume (WQCV) – Permanent water quality 
measures and detention facilities will be provided with the Project via the existing Full 
Spectrum EDB. More specifically, this Project proposes a modification to the existing 
outlet structure’s restrictor plate, to effectively meet water quality and detention 
requirements.  
 
Step 4. Consider Need for Industrial and Commercial BMPs – The Project is 
proposing a fully enclosed recycling and refuse transfer station facility. The Project 
responds to the covering of storage and handling areas by providing a building 
enclosure where all physical transfer operations will take place.  
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DRAINAGE FACILITY DESIGN 

GENERAL CONCEPT 

The existing condition of the Site consists of flows draining from the north to the south with an 
approximate average slope of 3%, all discharging into the existing full spectrum EDB to the 
south of the Site. The existing runoff conditions for the Site were developed utilizing the Rational 
Method described in the Hydrologic Criteria section of this report.  
 
The proposed drainage patterns will match the overall historic patterns for the Barabrick 
Subdivision. To maintain historic flows, all flows will be routed to the existing full spectrum EDB 
which will capture and control the release of flows from the Site.  Site drainage will be conveyed 
to the EDB via a series of swales, surface flow, and a storm sewer system. 
 
Provided in the Appendix E are hydrologic calculations utilizing the Rational Method for the 
existing and proposed conditions. Provided in Appendix F are the hydraulic calculations for the 
proposed conditions, including the proposed detention basin sizing. As previously mentioned, 
the existing drainage map and proposed drainage map can be found in Appendix I.  

SPECIFIC DETAILS 

Sub-basins P1-P6 are subject to Site improvements including the transfer building, attendant 
shelter, and entrance/exit scales. In the proposed condition flows are routed to CDOT Type C 
grated area inlets, drainage pans, or swales laid out to effectively control flows as they are 
conveyed to the existing EDB. Flows captured by the existing EDB are released via the existing 
30” CPP which conveying flows southwardly towards Sand Creek at a rate less than in the 
historic conditions from the existing FDR: “Final Drainage Report for Barbarick Subdivision, 
Portions of Lots 1, 2, and Lots 3 & 4” prepared by Matrix Design Group on June 6, 2016. 
(Existing FDR for the Barbarick Subdivision). The EDB is designed to release the 5-year and 
100-year on-site flows at a discharge rate of 3.2 cfs and 11.8 cfs, respectively. This is a 
reduction from the 5-year and 100-year on-site discharge rate of 21.3 cfs and 56.7 cfs (design 
point H3 of the historic condition) as shown in the existing FDR for the Barbarick Subdivision. 
Therefore, impact to downstream infrastructure is not anticipated and planned release rates are 
in compliance with the Existing FDR for the Barbarick Subdivision.  

All proposed storm sewer infrastructure and the existing detention facility is located within the 
private property’s boundary and will be owned and maintained by the property owner and will 
require maintenance consisting of routine inspections, removal of debris from the detention 
area, and bi-annual inspections for hydraulic performance of the basin. Refer to the DCM for 
exact maintenance criteria and for other Best Management Practices.  

The hydrologic calculations, hydraulic calculations, and Drainage Maps are included in the 
Appendix E, Appendix F, and Appendix I, respectively, of this report for reference. 

 
The Site will disturb more than 1 acre and will require a Colorado Discharge Permit System 
(CDPS) General Permit for Stormwater Discharge Associated with Construction Activities from 
the Colorado Department of Public Health and Environment (CDPHE). 
 
Since the Site was previously platted, there are no associated drainage and bridge fees due at 
this time. 
 

Glenn Reese - EPC Stormwater
SW - Textbox
Engineer must confirm in the Drainage Report that the existing EDB that the site is tributary to is functioning as intended.

More specifically: I inspected this EDB in Sept 2023. It was in need of maintenance. This maintenance must be completed prior to Preliminary Acceptance (PA) of this project, since it will be utilized in the initial/interim condition as a TSB. 

Glenn Reese - EPC Stormwater
SW - Highlight
The EDB is designed to release the 5-year and 
100-year on-site flows at a discharge rate of 3.2 cfs and 11.8 cfs, respectively. This is a 
reduction from the 5-year and 100-year on-site discharge rate of 21.3 cfs and 56.7 cfs

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Please clarify this math more with a reference to an appendix for example. Or provide a comparison table here in this text (historic vs original design vs proposed design flowrates). Because this math does not coincide with the total flowrates shown on PDF pg 82 below. 

Also update this paragraph per any updates to the table on pg 82 below per my comment on that page. 
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A cost estimate for the proposed private storm drain improvements is included in Appendix H of 
this report for reference. 

GEOTECHNICAL RECOMMENDATIONS 

Per the Geotechnical Subsurface Investigation by RMG – Rocky Mountain Group, dated 
October 23, 2023, it was determined that the soil is generally anticipated to be well draining, 
however groundwater was encountered at depths anticipated to impact the proposed 
construction. A subsurface perimeter drain and underslab drain are recommended and are 
included in the design. Geotechnical recommendations do not impact the existing detention 
facility to the south of the Site.  

COMPLIANCE WITH PREVIOUS STUDIES 

The Site area was previously included and studied as part of the existing FDR for the Barbarick 
Subdivision (Final Drainage Report for Barbarick Subdivision, Portions of Lots 1,2 and Lots 3 & 
4) prepared by Matrix Design Group on June 6, 2016. The Site lies within sub-basins H1 and D1 
of the historic and previously planned drainage conditions. Design points H3 and D2 correspond 
to Design Point P8, the proposed discharge from the existing detention pond, in the proposed 
condition. The existing FDR for the Barabrick Subdivision is provided in Appendix G. 
 
HISTORIC CONDITION:  
Design Point H3 experiences flows of 21.3 cfs and 56.7 cfs for the 5-year and 100-year storm 
events, respectively.  
 
EXISTION CONDITION: 
Design Point D2 experiences a flow of 45.9 cfs (16.5cfs+29.4cfsbypass) for the 100-year storm 
event. 
 
PROPOSED CONDITION: 
Design Point P8 experiences a flow of 41.2 cfs (11.8cfs+29.4cfsbypass) for the 100-year storm 
event. 
 
The existing EDB will release the 5-year and 100-year storm events at 3.2 and 11.8 cfs 
respectively. These values are less than the historic flow rates at this design point. With the 
proposed modified outlet structure restrictor plate, the flows will be further controlled for the 100-
year storm event than that of the existing condition at design point D2. Therefore, impact to 
downstream infrastructure is not anticipated and the planned release rates are in compliance 
with the Existing FDR for the Barbarick Subdivision.  
 

SUMMARY 

The proposed drainage design is to maintain the historic drainage patterns and release rates for 
the Site.  Runoff from the Site will flow through an proposed storm sewer system to an existing 
full spectrum extended detention basin. The basin ultimately discharges to Sand Creek. The 
drainage design presented within this report conforms to the criteria presented in both the 
MANUAL and the Colorado Springs MANUAL.  Additionally, the Site runoff and storm drain 
facilities will not adversely affect the downstream and surrounding developments, including 
Sand Creek. 
 

Glenn Reese - EPC Stormwater
SW - Highlight
proposed modified outlet structure restrictor plate

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Please clarify that this is the only proposed modification to the existing EDB's outlet structure
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APPENDIX A: VICINITY MAP 

 
 
 
 
 
 
 
 
 
 

 
Figure 1: Vicinity Map (Not to Scale) 
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APPENDIX B: NRCS SOIL STUDY 
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APPENDIX C: GEOTECHNICAL SUBSURFACE INVESTIGATION 
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GENERAL SITE AND PROJECT DESCRIPTION

Project Description and Scope of Work

RMG has completed a geotechnical investigation for the two proposed new structures at Cliff Allen Point
in the eastern portion of Colorado Springs, El Paso County, Colorado. One new structure is to be a
"transfer station" consisting of a one-story pre-engineered metal building (PEMB) located in the northwest
corner of the site. It is our understanding that this structure is to consist of cast-in-place foundation walls
for the structure, plus a concrete "ramp" consisting of retaining walls along the two sides and the "front"
wall of the structure along the upper side of the "ramp". The lower side of the "ramp" is to taper down to
meet the existing grade. The other new structure is to be a shed located north of the existing structure,
between two new vehicle scales. The purpose of the investigation was to evaluate the subsurface soil
conditions and provide geotechnical design and construction criteria for the project. These services were
provided in accordance with our Proposal for RMG Job No. 194534 dated September 13, 2023.

RMG understands the proposed PEMB is to have a footprint of approximately 10,240 square feet and
paved access. The shed is to be approximately 250 to 300 square feet.

Existing Site Conditions

The site is currently a partially developed parcel in a commercial complex. At the time of the subsurface
investigation, the site appears to have been slightly modified from a natural state. An existing structure is
located near the eastern portion of the site and is to remain. The proposed new PEMB is to be constructed
near the northwest corner of the site. The shed is to be located north of the existing structure along the
access road to the new structure. The site is currently utilized as a storage yard and vegetation is limited to
outer edges of the property. The location of the site is shown on the Site Vicinity Map, Figure 1.

FIELD INVESTIGATION AND LABORATORY TESTING

Drilling

The subsurface conditions on the site were investigated by drilling three (3) exploratory test borings to
depths of approximately 20 to 35 feet within the proposed PEMB footprint and one 15-foot test boring to a
depth of approximately 15 feet within the proposed shed location. The approximate locations of the test
borings are presented in the Test Boring Location Plan, Figure 2.

The test borings were advanced with a power-driven, continuous-flight auger drill rig. Soil samples were
obtained in general accordance with ASTM D-1586 utilizing a 2-inch OD split-barrel sampler or in
general accordance with ASTM D-3550 utilizing a 2½-inch OD modified California sampler. Samples
were returned to RMG’s materials testing laboratory for testing and analysis. An Explanation of Test
Boring Logs is presented in Figure 3. The Test Boring Logs are presented in Figures 4 and 5.

Laboratory Testing

The moisture content for the recovered samples was obtained in the laboratory. Grain-size analysis,
Atterberg Limits, and Denver Swell/Consolidation tests were performed on selected samples for purposes
of classification and to develop pertinent engineering properties. A Summary of Laboratory Test Results
is presented in Figure 6. Soil Classification Data are presented in Figure 7.
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SUBSURFACE CONDITIONS

Subsurface Materials

The test borings revealed the soil strata across the site to be fairly consistent from boring to boring. The
subsurface materials encountered in the test borings consisted of silty sand fill, native silty to clayey sand,
silty to clayey sandstone, and sandy claystone.

Additional descriptions and the interpreted distribution (approximate depths) of the subsurface materials
are presented on the Test Boring Logs. The classifications shown on the logs are based upon visual
classification of the samples at the depths indicated. Stratification lines shown on the logs represent the
approximate boundaries between material types and the actual transitions may be gradual and vary with
location.

Groundwater

Groundwater was observed at depths of approximately 3 feet to 14.5 feet in the test borings at the time of
drilling, and at depths of approximately 2 feet to 2.5 feet when checked after letting the water level in the
borings stabilize for one day. Groundwater is expected to be a significant factor in foundation design.
Fluctuations in groundwater and subsurface moisture conditions may occur due to seasonal variations in
rainfall and other factors not readily apparent at this time.

Soil Parameters

The following table presents estimated in-situ soil parameters.

Seismic Design

In accordance with the Minimum Design Loads and Associated Criteria for Buildings and Other
Structures, ASCE/SEI 7-16, seismic design parameters have been determined for this site. The seismic site
class has been interpreted from the results of the soil test borings drilled within the project site. The
Applied Technology Council seismic design tool has been used to determine the seismic response
acceleration parameters. The soil on this site is not considered susceptible to liquefaction.

Soil
Description

Unit
Weight
(lb/ft3)

Friction
Angle
(degree)

Active
Earth

Pressure Ka

Passive
Earth

Pressure Kp

At-Rest Earth
Pressure
Ko

Modulus of
Elasticity
Es (lb/in2)

Poisson’s
Ratio
µs

Native
Sand, Silty

120 28 0.361 2.77 0.531 1,200 0.20

Sandstone,
Silty to
Clayey

125 30 0.333 3.00 0.500 3,500 0.30
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The following recommended seismic design parameters are based upon Seismic Site Class D, and a 2-
percent probability of exceedance in 50 years. The Seismic Design Category is “B”.

Notes: MCE = Maximum Considered Earthquake
g = acceleration due to gravity

CONCLUSIONS AND RECOMMENDATIONS

The following discussion is based on the subsurface conditions encountered in the test borings and the
project characteristics previously described. If conditions are different from those described in this report
or the project characteristics change, RMG should be retained to review and revise our recommendations
as necessary.

Geotechnical Considerations

Based on the subsurface soil conditions encountered in our test borings, it is our opinion that a shallow
foundation system is suitable for the proposed structures. Soil improvements required to achieve the
allowable bearing capacity presented herein are discussed below. Deep foundation systems, while not
anticipated to be necessary, are also a suitable alternative for the proposed structure(s). If a deep
foundation system is desired, please contact personnel of RMG for revised recommendations.

Site Preparation

We recommend removing (overexcavating) the foundation areas and backfilling with compacted
structural fill. The on-site material is suitable as structural fill. Site preparation should include clearing and
grubbing the site of all vegetation, topsoil, and any other deleterious material within the construction area
and disposing this material appropriately. Following clearing and grubbing, the area within the foundation
footprint and a 2-foot perimeter beyond should be excavated to 1 foot below the bottom of footing
elevation. The excavated material may be stockpiled for reuse as structural fill. An Open Excavation
Observation should be made at this point to verify soil conditions are as reported in the soil boring logs
herein.

Prior to the Open Excavation Observation, the upper 6 inches of the exposed subsurface soils should then
be scarified and moisture conditioned to facilitate compaction (usually within 2 percent of the optimum
moisture content) and compacted to a minimum of 95 percent of the maximum dry density as determined
by the Modified Proctor test (ASTM D-1557) or 98 percent of the maximum dry density as determined by
the Standard Proctor test (ASTM D-698) prior to placing structural fill.

Upon verification, the native material previously removed may be used as structural fill. The material
should not be excessively wet, should be free of organic matter and construction debris, and should not

Period
(sec)

Mapped MCE
Spectral Response
Acceleration (g)

Site
Coefficients

Adjusted MCE
Spectral Response
Acceleration (g)

Design Spectral
Response

Acceleration (g)

0.2 Ss 0.193 Fa 1.6 Sms 0.309 Sds 0.206

1.0 S1 0.056 Fv 2.4 Sm1 0.135 Sd1 0.09
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contain rock fragments greater than 3-inches in any dimension. The fill material should be moisture-
conditioned to facilitate compaction (usually within 2 percent of the optimum moisture content) and
placed in lifts of not more than 10 inches. Each loose lift should be compacted to a minimum of 95 percent
of Modified Proctor maximum dry density as determined by the Modified Proctor test (ASTMD-1557) or
98 percent of the maximum dry density as determined by the Standard Proctor test (ASTM D-698). The
first density tests should be conducted when 12 inches of compacted fill have been placed.

Groundwater conditions are anticipated to be encountered at the time of foundation excavation and may
result in either water flow into the excavation or destabilization of the foundation bearing soils,
stabilization techniques should be implemented. Various stabilization methods can be employed and can
be discussed at the time of construction. However, a method that affords potentially a reduced amount of
overexcavation (versus other methods) and provides increased performance under moderately to severely
unstable conditions is the use of a layered geogrid and structural fill system.

Additionally, dependent upon the rate of groundwater flow into the excavation, a geosynthetic vertical
drain and/or perimeter drain may be required around the lower portions of the excavation to allow for
installation of the layered geogrid and structural fill system.

Foundation Recommendations

Structures may be supported on shallow foundations bearing on approved soils when prepared in
accordance with the recommendations above. When so prepared, a maximum allowable bearing pressure
of 2,000 psf with no minimum dead load requirement may be used for design. The foundation design
should be prepared by a qualified Colorado Registered Professional Engineer using the recommendations
presented in this report. This foundation system should be designed to span a minimum of 10 feet under
the design loads. The bottoms of exterior foundations should be at least 30 inches below finished grade for
frost protection.When prepared and properly compacted, total settlement of 1-inch or less with differential
settlement on the order of ½ inch or less is estimated. Settlement in granular material generally occurs
relatively rapidly with construction loads. Long term consolidation settlement should not be an issue,
provided that the site material is prepared as recommended above.

Retaining Wall Parameters

It is our understanding that two retaining walls along the sides of the new "ramp" that is to be constructed
along one side of the new "transfer station", but that the type of retaining wall construction has not been
determined yet. Based on the intended usage, we assume that the retaining walls will be constructed as
either cast-in-place concrete retaining walls or mechanically-stabilized earth (MSE) retaining walls. Our
recommendations for those two types of retaining walls are presented below. If an alternate retaining wall
construction is to be used, contact personnel of RMG for revised recommendations.

Cast-in-Place Concrete Retaining Walls:

Foundation Soils

Retaining walls should be excavated to the design bearing elevation. An open excavation
observation should be made at this point to verify soil conditions are as reported in the report
referenced above and that the retaining wall is not bearing on existing fill or deleterious material.
Upon verification the upper 6-inches of the exposed subsurface soils should then be scarified and
moisture conditioned to facilitate compaction (usually within 2 percent of the optimum moisture
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content) and compacted to a minimum of 95 percent of the maximum dry density as determined by
the Standard Proctor test (ASTM D-698) or a minimum of 92 percent of the maximum dry density
as determined by the Modified Proctor test (ASTMD-1557) prior to placing concrete forms. When
so prepared, a maximum allowable bearing pressure of 2,000 psf with no minimum dead load
requirement may be used for design. The foundation design should be prepared by a qualified
Colorado Registered Professional Engineer using the recommendations presented in this report.
This foundation system should be designed to span a minimum of 10 feet under the design loads. If
these retaining walls are to be mechanically attached to (or poured monolithically with) the
"transfer station" foundation, the bottoms of exterior foundations should be at least 30 inches
below finished grade for frost protection.

Retained Soils

On-site (undisturbed) sand soils:
Unit weight = 120 pcf
Active Equivalent Fluid Pressure = 40 pcf
Friction angle, ϕ = 28 deg.
Cohesion, c = 0 psf

Mechanically-Stabilized Earth (MSE) Retaining Walls:

Foundation Soils

Retaining walls should be excavated to the design bearing elevation. An open excavation
observation should be made at this point to verify soil conditions are as reported in the report
referenced above and that the retaining wall is not bearing on existing fill or deleterious material.
Upon verification the upper 6-inches of the exposed subsurface soils should then be scarified and
moisture conditioned to facilitate compaction (usually within 2 percent of the optimum moisture
content) and compacted to a minimum of 95 percent of the maximum dry density as determined by
the Standard Proctor test (ASTM D-698) or a minimum of 92 percent of the maximum dry density
as determined by the Modified Proctor test (ASTM D-1557) prior to placing concrete forms.

On-site (undisturbed) sand soils or structural fill compacted as indicated herein:
Maximum allowable bearing pressure: 2,000 psf
Minimum dead load pressure: None

It should be noted that MSE walls are generally designed and constructed with the expectation that
some movement will occur. Compared to structurally reinforced retaining walls, MSE walls can
tolerate a larger magnitude of movement. The amount of movement is dependent on several
factors including (but not limited to) the wall height, construction methods, backfill selection and
placement, and foundation soils.

Retained Soils

On-site (undisturbed) sand soils:
Unit weight = 120 pcf
Active Equivalent Fluid Pressure = 40 pcf
Friction angle, ϕ = 28 deg.
Cohesion, c = 0 psf
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Reinforced Backfill Zone

Backfill materials placed within the Reinforced Backfill Zone shall consist of granular, non- or
low-expansive soil containing no particles larger than 1½" in diameter, no more than 30% (by
weight) passing through a #200 sieve screen, and a liquid limit of 25 or less and a plasticity index of
6 or less. The on-site sand soils are anticipated to be suitable for use in the Reinforced Backfill
Zone.

Backfill should generally be free of topsoil, organics, particles greater than 4 inches in diameter,
debris, or other deleterious material. Backfill should be placed in loose lifts not exceeding 8 to 12
inches, moisture conditioned to facilitate compaction (usually within 2 percent of the optimum
moisture content) and compacted to a minimum of 92 percent of the maximum dry density as
determined by the Standard Proctor test (ASTM D-698) or to a minimum of 85 percent of the
maximum dry density as determined by the Modified Proctor test (ASTM D-1557).

Backfill soils prepared as indicated herein:
Unit weight = 120 pcf
Active Equivalent Fluid Pressure = 40 pcf
Friction angle, ϕ = 28 deg.
Cohesion, c = 0 psf

Retaining Wall Drainage

To reduce hydrostatic loading on retaining walls, a subsurface drain system should be placed behind the
walls. The drain system should consist of free-draining granular soils containing less than five percent
fines (by weight) passing a No. 200 sieve placed adjacent to the wall. The free-draining granular material
should be graded to prevent the intrusion of fines or be encapsulated in a suitable filter fabric. A drainage
system consisting of perforated drain lines (placed near the base of the wall) should be used to intercept
and discharge water which would tend to saturate the backfill. Where used, drain lines should be
embedded in a uniformly graded filter material and provided with adequate clean-outs for periodic
maintenance. An impervious soil should be used in the upper layer of backfill to reduce the potential for
water infiltration. As an alternative, a prefabricated drainage structure, such as geocomposite, may be
used as a substitute for the granular backfill adjacent to the wall.

Open Excavation Observations

As referenced above, foundation excavations should be observed by RMG prior to placing structural fill,
forms, or concrete to verify the foundation bearing conditions for each structure. Based on the conditions
observed in the foundation excavation, the recommendations made at the time of construction may vary
from those contained herein. In the case of differences, the Open Excavation Observation report shall be
considered to be the governing document to be used to modify the site preparation recommendations as
necessary.

Floor Slabs

The in-situ native sand soil should be stable at its natural moisture content. However, if the groundwater
table is encountered, the native soils may need to “dry out” prior to being used under the foundation
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components and slabs. Any fill material placed below slabs should be granular, non-expansive material to
reduce the potential for slab movement.

Areas under floor slabs should be overexcavated a minimum of 1-foot and the upper 6 inches of the
exposed subsurface soils should then be scarified and moisture-conditioned to facilitate compaction
(usually within 2 percent of the optimum moisture content) and compacted to a minimum of 95 percent of
the maximum dry density as determined by the Modified Proctor test (ASTMD-1557) or 98 percent of the
maximum dry density as determined by the Standard Proctor test (ASTM D-698) prior to placing
structural fill. Floor slabs should bear upon a minimum of 1-foot of structural fill compacted to a minimum
of 95 percent of Modified Proctor maximum dry density as determined by the Modified Proctor test
(ASTM D-1557) or 98 percent of the maximum dry density as determined by the Standard Proctor test
(ASTM D-698). Non-structural slabs should be isolated from foundation members with expansion
material. To reduce the possibility of capillary rise of groundwater into the floor slab, and to reduce the
potential for concrete curling, a minimum 3-inch layer of ¾-inch crushed stone over 6-mil vapor retarder
may be placed atop the compacted structural fill. A conventionally-reinforced or post-tensioned slab
supported on stemwalls or grade beams may also be considered for strength and to reduce the potential for
movement, curling, and differential settlement.

Exterior Concrete Flatwork

Reinforced concrete exterior slabs should be constructed similarly to floor slabs on compacted structural
fill, with the additional caveat they be isolated from the building with expansion material and have a
downturned reinforced thickened edge. Conventionally-reinforced or post-tensioned slabs supported on
stemwalls or grade beams may also be considered to reduce the potential for movement, curling, and
differential settlement.

Lateral Earth Pressures

Foundation and basement walls should be designed to resist lateral pressures. For non-expansive backfill
materials, we recommend an equivalent fluid pressure of 40 pcf for design. Expansive soils or bedrock
should not be used as backfill against walls. The above lateral pressure applies to level, drained backfill
conditions. Equivalent Fluid Pressures for sloping/undrained conditions should be determined on an
individual basis.

CONSTRUCTION CONSIDERATIONS

Surface Grading and Drainage

A contributing factor to foundation settlement and floor slab heave in Colorado Front Range soils is the
introduction of excess water. Improper site grading and irrigation water are respectively the most common
cause and source of excess water. The ground surface should be sloped from the building with a minimum
gradient of 10 percent for the first 10 feet. This is equivalent to 12 inches of fall across this 10-foot zone.
Where a 10-foot zone cannot be achieved, a well-defined swale should be created a minimum 5 feet from
the foundation and parallel with the wall, with a minimum slope of 2 percent to collect the surface water
and transport it around and away from the structure. Roof drains should extend across backfill zones and
landscaped areas to a region that is graded to direct flow away from the structure(s). Future maintenance
operations should include activities to maintain the surface grading and drainage recommendations herein
to help prevent water from being directed toward and/or ponding near the foundations.
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Landscaping should be selected to reduce irrigation requirements. Plants used close to foundation walls
should be limited to those with low moisture requirements and irrigated grass should not be located within
5 feet of the foundation. To help control weed growth, geotextiles should be used below landscaped areas
adjacent to foundations. Impervious plastic membranes are not recommended. Irrigation devices should
not be placed within 5 feet of the foundation. Irrigation should be limited to the amount sufficient to
maintain vegetation. Application of excess water will increase the likelihood of slab and foundation
movements.

Perimeter Drain

The site soil is generally anticipated to be well-draining, and groundwater was encountered at depths
anticipated to impact the proposed construction. A subsurface perimeter drain is recommended around
portions of the structure which will have habitable or storage space located below the finished ground
surface. This includes crawlspace areas if applicable. Where slab-on-grade foundation systems are
utilized, a subsurface perimeter drain will not be required around the foundation. An underslab drain
should be anticipated.

Underslab Drain

Shallow groundwater conditions were encountered in the test borings at the time of field exploration. An
underslab drainage layer is also be recommended to help intercept groundwater before it enters the slab
area should the groundwater levels rise. Careful attention should be paid to grade and discharge of the
drain pipe. A typical drain detail is presented in Figure 8.

It must be understood that the drain is designed to intercept some types of subsurface moisture and not
others. Therefore, the drain could operate properly and not mitigate all moisture problems relating to
foundation performance or moisture intrusion into the basement area.

Foundation Stabilization

If groundwater conditions encountered at the time of foundation excavation result in either water flow into
the excavation or destabilization of the foundation bearing soils, stabilization techniques should be
implemented. Various stabilization methods can be employed and can be discussed at the time of
construction. However, a method that affords potentially a reduced amount of overexcavation (versus
other methods) and provides increased performance under moderately to severely unstable conditions is
the use of a layered geogrid and structural fill system.

Additionally, dependent upon the rate of groundwater flow into the excavation, a geosynthetic vertical
drain and an overexcavation perimeter drain may be required around the lower portions of the excavation
to allow for installation of the layered geogrid and structural fill system.

Concrete

Sulfate testing was performed on selected samples based on ASTM C1580.  Test results showed 0.0% by
weight, indicating the soils present Class 0 (negligible) sulfate exposure.  Based on these results Type I/II
cement or an equivalent mixture according to ACI 201.2R-10 is suggested for concrete in contact with the
subsurface materials.  Cement type shall be designed and approved by a licensed Colorado Professional
Engineer and Foundation Designer.  Calcium chloride should not be used for the onsite soils. The concrete
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should not be placed on frozen ground. If placed during periods of cold temperatures, the concrete should
be kept from freezing. This may require covering the concrete with insulated blankets and heating.
Concrete work should be completed in accordance with the latest applicable guidelines and standards
published by ACI.

Exterior Backfill

Backfill around foundation stemwalls and other buried structures should be placed in loose lifts of not
more than 10-inches, moisture conditioned to facilitate compaction (usually within 2 percent of the
optimummoisture content) and compacted to 85 percent of the maximum dry density as determined by the
Modified Proctor test (ASTM D-1557) or to 92 percent of the maximum dry density as determined by the
Standard Proctor test (ASTM D-698) on exterior sides of walls in landscaped areas. In areas where
backfill supports pavement and concrete flatwork, the materials should be compacted to 92 percent of the
maximum dry density as determined by the Modified Proctor test (ASTM D-1557) or to 95 percent of the
maximum dry density as determined by the Standard Proctor test (ASTM D-698).

Fill placed on slopes should be benched into the slope. Maximum bench heights should not exceed 4 feet,
and bench widths should be wide enough to accommodate compaction equipment.

The appropriate government/utility specifications should be used for fill placed in utility trenches. If
material is imported for backfill, the material should be approved by the Geotechnical Engineer prior to
hauling it to the site.

The backfill should not be placed on frozen subgrade or allowed to freeze during moisture conditioning
and placement. Backfill should be compacted by mechanical means, and foundation walls should be
braced during backfilling and compaction.

Structural Fill - General

Areas to receive structural fill should have topsoil, organic material, or debris removed. The upper 6
inches of the exposed surface soils should be scarified and moisture-conditioned to facilitate compaction
(usually within 2 percent of the optimum moisture content) and compacted to a minimum of 95 percent of
the maximum dry density as determined by the Modified Proctor test (ASTM D-1557) or to 98 percent of
the maximum dry density as determined by the Standard Proctor test (ASTM D-698) prior to placing
structural fill. Structural fill placed on slopes should be benched into the slope. Maximum bench heights
should not exceed 4 feet, and bench widths should be wide enough to accommodate compaction
equipment.

Structural fill should be placed in loose lifts of not more than 10-inches, moisture-conditioned to facilitate
compaction (usually within 2 percent of the optimum moisture content) and compacted to a minimum of
95 percent of the maximum dry density as determined by the Modified Proctor test (ASTM D-1557) or to
98 percent of the maximum dry density as determined by the Standard Proctor test (ASTM D-698). The
materials should be compacted by mechanical means.

Materials used for structural fill should be approved by the RMG prior to use. Structural fill should not be
placed on frozen subgrade or allowed to freeze during moisture conditioning and placement.

To verify the condition of the compacted soils, density tests should be performed during placement. The
first density tests should be conducted when 24 inches of fill have been placed.
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CLOSING

This report has been prepared for the exclusive purpose of providing geotechnical engineering information
and recommendations for development described in this report. RMG should be retained to review the
final construction documents prior to construction to verify our findings, conclusions and
recommendations have been appropriately implemented.

This report has been prepared for the exclusive use by Vollmer Road Partners, LLLP for application as
an aid in the design and construction of the proposed development in accordance with generally accepted
geotechnical engineering practices. The analyses and recommendations in this report are based in part
upon data obtained from test borings, site observations and the information presented in referenced
reports. The nature and extent of variations may not become evident until construction. If variations then
become evident, RMGmust be retained to review and revise the recommendations presented in this report
as appropriate.

Our professional services were performed using that degree of care and skill ordinarily exercised, under
similar circumstances, by geotechnical engineers practicing in this or similar localities. RMG does not
warrant the work of regulatory agencies or other third parties supplying information which may have been
used during the preparation of this report. No warranty, express or implied is made by the preparation of
this report. Third parties reviewing this report should draw their own conclusions regarding site conditions
and specific construction techniques to be used on this project.

The scope of services for this project does not include, either specifically or by implication, environmental
assessment of the site or identification of contaminated or hazardous materials or conditions.
Development of recommendations for the mitigation of environmentally related conditions, including but
not limited to biological or toxicological issues, are beyond the scope of this report. If the Client desires
investigation into the potential for such contamination or conditions, other studies should be undertaken.

If we can be of further assistance in discussing the contents of this report or analysis of the proposed
development, from a geotechnical engineering point-of-view, please feel free to contact us.
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APPENDIX D: FEMA FIRM MAP 
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196489000 Barbarick Transfer Station
CIA Calculations - Proposed Conditions

12/05/2023
Calculated by: RES

Checked by: EJG

Weighted Imperviousness Calculations - Existing Conditions
AREA AREA GRAVEL GRAVEL LANDSCAPE LANDSCAPE PAVEMENT TOTAL ROOF TOTAL WEIGHTED
(SF) (Acres) AREA IMP. C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 IMP C2 C5 C10 C100

E1 16,873 0.39 11,670 80% 0.68 0.7 0.71 0.77 5,204 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 55.3% 0.48 0.51 0.54 0.64
E2 112,891 2.59 87,610 80% 0.68 0.7 0.71 0.77 25,281 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 62.1% 0.53 0.56 0.58 0.68

OE1 101,771 2.34 98,528 80% 0.68 0.7 0.71 0.77 3,243 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 77.5% 0.66 0.68 0.69 0.76
OE2 108,087 2.48 108,087 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
OE3 49,856 1.14 49,856 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
OE4 35,615 0.82 35,615 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
OE5 42,290 0.97 31,640 80% 0.68 0.7 0.71 0.77 3,715 0% 0.02 0.08 0.15 0.35 2,959 100% 0.89 0.90 0.92 0.96 3,977 90% 0.71 0.73 0.75 0.81 75.3% 0.64 0.66 0.68 0.75

TOTAL 467,384 10.73 423,005 80% 0.68 0.70 0.71 0.77 37,443 0% 0.02 0.08 0.15 0.35 2,959 100% 0.89 0.90 0.92 0.96 3,977 90% 0.71 0.73 0.75 0.81 73.8% 0.63 0.65 0.67 0.74

SUB-BASIN
GRAVEL LANDSCAPE PAVEMENT WEIGHTED COEFFICIENTSROOF

Carlos
Callout
FYI: The gravel coefficients shown are higher than the coefficients listed in Table 6-6 Runoff Coefficients for Rational Method in the DCM Vol. 1. Please note where provided coefficients are being obtained/calculated or revise to match DCM.



196489000 Barbarick WTS  12/05/2023
Calculated by: RES

Checked by: EJG

Barbarick Transfer Station Watercourse Coefficient
Time of Concentration - Existing Conditions Forest & Meadow 2.50 Short Grass Pasture & Lawns 7.00 Grassed Waterway 15.00

Fallow or Cultivation 5.00 Nearly Bare Ground 10.00 Paved Area & Shallow Gutter 20.00
SUB-BASIN INITIAL / OVERLAND* TRAVEL TIME T(c) CHECK FINAL

DATA TIME T(t) (URBANIZED BASINS) T©*
DESIGN DRAIN AREA AREA C(5) Length Slope T(i) Length Slope Coeff. Velocity T(t) COMP. TOTAL L/180+10
POINT BASIN sq. ft. ac. ft. % min ft. % fps min. T(c) LENGTH min.

E1 E1 16,873 0.39 0.51 60 4.0% 5.3 160 1.8% 10.00 1.3 2.0 7.3 220 11.2 7.3
E2 E2 112,891 2.59 0.56 280 3.2% 11.2 0 0.0% 10.00 0.0 0.0 11.2 280 11.6 11.2

OE1 OE1 101,771 2.34 0.68 300 2.0% 10.6 0 0.0% 10.00 0.0 0.0 10.6 300 11.7 10.6
OE2 OE2 108,087 2.48 0.70 300 2.5% 9.4 0 0.0% 10.00 0.0 0.0 9.4 300 11.7 9.4
OE3 OE3 49,856 1.14 0.70 300 3.5% 8.4 0 0.0% 10.00 0.0 0.0 8.4 300 11.7 8.4
OE4 OE4 35,615 0.82 0.70 300 3.0% 8.8 35 13.0% 10.00 3.6 0.2 9.0 335 11.9 9.0
OE5 OE5 42,290 0.97 0.66 163 3.8% 6.6 30 25.0% 10.00 5.0 0.1 6.7 193 11.1 6.7

TOTAL TOTAL 467,384 10.73

*Note: El Paso County Drainage Manual Chapter 6 indicates that the maximum overland flow length is 100ft for urbanized areas and 300ft for rural areas. The minimum time of concentration is 5
min for developed conditions, 10 min for undeveloped conditions.

Carlos
Callout
Per aerial imagery and parcel location. The site is in an urbanized area. Please revise initial/overland time length to meet max 100ft criteria.  



196489000 Barbarick WTS  12/05/2023
Calculated by: RES

Checked by: EJG

Barbarick Transfer Station
Time of Concentration - Existing Conditions Design Storm 5 Year Strom Event
(Rational Method Procedure)

BASIN INFORMATION DIRECT RUNOFF
DESIGN DRAIN AREA RUNOFF T(c) C x A I Q T(c) C x A I Q
POINT BASIN ac. COEFF min in/hr cfs min in/hr cfs

E1 E1 0.39 0.51 7.3 0.20 4.61 0.91
E2 E2 2.59 0.56 11.2 1.45 3.96 5.75

OE1 OE1 2.34 0.68 10.6 1.59 4.04 6.43
OE2 OE2 2.48 0.70 9.4 1.74 4.23 7.34
OE3 OE3 1.14 0.70 8.4 0.80 4.40 3.52
OE4 OE4 0.82 0.70 9.0 0.57 4.29 2.46
OE5 OE5 0.97 0.66 6.7 0.64 4.74 3.05

TOTAL TOTAL 10.73 0.65 29.46

CUMMULATIVE RUNOFF
NOTES



196489000 Barbarick WTS  12/05/2023
Calculated by: RES

Checked by: EJG

Barbarick Transfer Station
Time of Concentration - Existing Conditions Design Storm 100 Year Storm Event
(Rational Method Procedure)

BASIN INFORMATION
DESIGN DRAIN AREA RUNOFF T(c) C x A I Q T(c) C x A I Q
POINT BASIN ac. COEFF min in/hr cfs min in/hr cfs

E1 E1 0.39 0.64 7.3 0.25 7.73 1.92
E2 E2 2.59 0.68 11.2 1.75 6.64 11.64

OE1 OE1 2.34 0.76 10.6 1.77 6.79 12.00
OE2 OE2 2.48 0.77 9.4 1.91 7.10 13.56
OE3 OE3 1.14 0.77 8.4 0.88 7.38 6.51
OE4 OE4 0.82 0.77 9.0 0.63 7.21 4.54
OE5 OE5 0.97 0.75 6.7 0.73 7.95 5.79

TOTAL TOTAL 10.73 0.74 55.96

NOTES
DIRECT RUNOFF CUMMULATIVE RUNOFF



196489000 Barbarick WTS 12/05/2023
Calculated by: RES

Checked by:EJG

DESIGN
 POINT

BASIN
DESIGNATION

BASIN AREA
(ACRES)

BASIN
IMPERVIOUSNESS

(%)

DIRECT 5-
YR

RUNOFF
(CFS)

DIRECT
100-YR

RUNOFF
(CFS)

E1 E1 0.39 55.3% 0.91 1.92
E2 E2 2.59 62.1% 5.75 11.64

OE1 OE1 2.34 77.5% 6.43 12.00
OE2 OE2 2.48 80.0% 7.34 13.56
OE3 OE3 1.14 80.0% 3.52 6.51
OE4 OE4 0.82 80.0% 2.46 4.54
OE5 OE5 0.97 75.3% 3.05 5.79

TOTAL 10.73 73.8% 29.46 55.96

SUMMARY - PROPOSED RUNOFF TABLE

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Note that crushed asphalt has been installed across most or all of these basins. The County considers crushed asphalt to be 100% impervious. Please revise these values accordingly. And then adjust the report discussion above with the subsequent new Total runoff values. 

Glenn Reese - EPC Stormwater
SW - Rectangle

Carlos
Callout
Please revise to clarify this is existing conditions runoff  table.



196489000 Barbarick Transfer Station
CIA Calculations - Proposed Conditions

12/01/2023
Calculated by: RES

Checked by: EJG

Weighted Imperviousness Calculations - Proposed Conditions
AREA AREA GRAVEL GRAVEL LANDSCAPE LANDSCAPE PAVEMENT TOTAL ROOF TOTAL WEIGHTED
(SF) (Acres) AREA IMP. C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 IMP C2 C5 C10 C100

P1 13,663 0.31 12,504 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 1,159 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 81.7% 0.70 0.72 0.73 0.79
P2 6,602 0.15 5,123 80% 0.68 0.7 0.71 0.77 509 0% 0.02 0.08 0.15 0.35 720 100% 0.89 0.90 0.92 0.96 250 90% 0.71 0.73 0.75 0.81 76.4% 0.65 0.68 0.69 0.76
P3 4,792 0.11 4,258 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 534 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 82.2% 0.70 0.72 0.73 0.79
P4 4,781 0.11 4,235 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 547 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 82.3% 0.70 0.72 0.73 0.79
P5 5,806 0.13 5,237 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 569 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 82.0% 0.70 0.72 0.73 0.79
P6 88,931 2.04 28,161 80% 0.68 0.7 0.71 0.77 30,941 0% 0.02 0.08 0.15 0.35 29,829 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 58.9% 0.52 0.55 0.59 0.69
R1 5,882 0.14 0 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 5,882 90% 0.71 0.73 0.75 0.81 90.0% 0.71 0.73 0.75 0.81
R2 5,882 0.14 0 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 5,882 90% 0.71 0.73 0.75 0.81 90.0% 0.71 0.73 0.75 0.81
O1 65,975 1.51 62,732 80% 0.68 0.7 0.71 0.77 3,243 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 76.1% 0.65 0.67 0.68 0.75
O2 32,389 0.74 32,389 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
O3 19,087 0.44 19,087 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
O4 45,546 1.05 45,546 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
O5 46,861 1.08 46,861 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
O6 49,856 1.14 49,856 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
O7 35,615 0.82 35,615 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.75 0.81 80.0% 0.68 0.70 0.71 0.77
O8 35,714 0.82 20,976 80% 0.68 0.7 0.71 0.77 3,715 0% 0.02 0.08 0.15 0.35 6,935 100% 0.89 0.90 0.92 0.96 4,088 90% 0.71 0.73 0.75 0.81 76.7% 0.66 0.68 0.70 0.77

TOTAL 467,384 10.73 372,580 80% 0.68 0.70 0.71 0.77 38,408 0% 0.02 0.08 0.15 0.35 40,293 100% 0.89 0.90 0.92 0.96 16,102 90% 0.71 0.73 0.75 0.81 75.5% 0.64 0.67 0.68 0.75

SUB-BASIN
GRAVEL LANDSCAPE PAVEMENT WEIGHTED COEFFICIENTSROOF

Carlos
Callout
FYI: The gravel coefficients shown are higher than the coefficients listed in Table 6-6 Runoff Coefficients for Rational Method in the DCM Vol. 1. Please note where provided coefficients are being obtained/calculated or revise to match DCM.



196489000 Barbarick WTS  12/05/2023
Calculated by: RES

Checked by: EJG

Barbarick Transfer Station Watercourse Coefficient
Time of Concentration - Proposed Conditions Forest & Meadow 2.50 Short Grass Pasture & Lawns 7.00 Grassed Waterway 15.00

Fallow or Cultivation 5.00 Nearly Bare Ground 10.00 Paved Area & Shallow Gutter 20.00
SUB-BASIN INITIAL / OVERLAND* TRAVEL TIME T(c) CHECK FINAL

DATA TIME T(t) (URBANIZED BASINS) T©*
DESIGN DRAIN AREA AREA C(5) Length Slope T(i) Length Slope Coeff. Velocity T(t) COMP. TOTAL L/180+10
POINT BASIN sq. ft. ac. ft. % min ft. % fps min. T(c) LENGTH min.

P1 P1 13,663 0.31 0.72 52 2.0% 4.0 30 2.5% 10.00 1.6 0.3 5.0 82 10.5 5.0
P2 P2 6,602 0.15 0.68 72 2.6% 4.8 42 3.5% 15.00 2.8 0.2 5.1 114 10.6 5.1
P3 P3 4,792 0.11 0.72 31 2.8% 2.7 25 1.6% 20.00 2.5 0.2 5.0 56 10.3 5.0
P4 P4 4,781 0.11 0.72 40 1.6% 3.7 26 1.2% 20.00 2.2 0.2 5.0 66 10.4 5.0
P5 P5 5,806 0.13 0.72 33 4.4% 2.4 136 1.9% 20.00 2.8 0.8 5.0 169 10.9 5.0
P6 P6 88,931 2.04 0.55 225 2.6% 11.0 438 1.0% 20.00 2.0 3.7 14.6 663 13.7 13.7
R1 R1 5,882 0.14 0.73 105 0.5% 8.8 0 0.0% 20.00 0.0 0.0 8.8 105 10.6 8.8
R2 R2 5,882 0.14 0.73 105 0.5% 8.8 0 0.0% 20.00 0.0 0.0 8.8 105 10.6 8.8
O1 O1 65,975 1.51 0.67 300 2.0% 10.9 0 0.0% 10.00 0.0 0.0 10.9 300 11.7 10.9
O2 O2 32,389 0.74 0.70 300 2.5% 9.4 0 0.0% 10.00 0.0 0.0 9.4 300 11.7 9.4
O3 O3 19,087 0.44 0.70 300 2.5% 9.4 0 0.0% 10.00 0.0 0.0 9.4 300 11.7 9.4
O4 O4 45,546 1.05 0.70 300 3.0% 8.8 0 0.0% 10.00 0.0 0.0 8.8 300 11.7 8.8
O5 O5 46,861 1.08 0.70 300 3.0% 8.8 0 0.0% 10.00 0.0 0.0 8.8 300 11.7 8.8
O6 O6 49,856 1.14 0.70 300 3.5% 8.4 0 0.0% 10.00 0.0 0.0 8.4 300 11.7 8.4
O7 O7 35,615 0.82 0.70 300 3.0% 8.8 35 13.0% 10.00 3.6 0.2 9.0 335 11.9 9.0
O8 O8 35,714 0.82 0.68 163 3.8% 6.3 30 25.0% 10.00 5.0 0.1 6.4 193 11.1 6.4

TOTAL TOTAL 467,384 10.73

*Note: El Paso County Drainage Manual Chapter 6 indicates that the maximum overland flow length is 100ft for urbanized areas and 300ft for rural areas. The minimum time of concentration is 5
min for developed conditions, 10 min for undeveloped conditions.

Carlos
Callout
Final time of concentration values do not meet minimum values for rural areas. Per comment in existing conditions runoff table the area is considered more of an urban area. 



196489000 Barbarick WTS  12/05/2023
Calculated by: RES

Checked by: EJG

Barbarick Transfer Station
Time of Concentration - Proposed Conditions Design Storm 5 Year Strom Event
(Rational Method Procedure)

BASIN INFORMATION DIRECT RUNOFF
DESIGN DRAIN AREA RUNOFF T(c) C x A I Q T(c) C x A I Q
POINT BASIN ac. COEFF min in/hr cfs min in/hr cfs

P1 P1 0.31 0.72 5.0 0.22 5.17 1.16 15.9 1.0 3.44 3.49 O1 is tributary to P1
P2 P2 0.15 0.68 5.1 0.10 5.15 0.53
P3 P3 0.11 0.72 5.0 0.08 5.17 0.41 8.8 0.8 4.32 3.50 O4 is tributary to P3
P4 P4 0.11 0.72 5.0 0.08 5.17 0.41 8.8 0.8 4.32 3.60 O5 is tributary to P4
P5 P5 0.13 0.72 5.0 0.10 5.17 0.50 8.4 0.9 4.40 3.94 O6 is tributary to P5
P6 P6 2.04 0.55 13.7 1.13 3.66 4.12
R1 R1 0.14 0.73 8.8 0.10 4.33 0.43
R2 R2 0.14 0.73 8.8 0.10 4.33 0.43
O1 O1 1.51 0.67 10.9 1.01 4.01 4.06
O2 O2 0.74 0.70 9.4 0.52 4.23 2.20
O3 O3 0.44 0.70 9.4 0.31 4.23 1.30
O4 O4 1.05 0.70 8.8 0.73 4.32 3.16
O5 O5 1.08 0.70 8.8 0.75 4.32 3.25
O6 O6 1.14 0.70 8.4 0.80 4.40 3.52
O7 O7 0.82 0.70 9.0 0.57 4.29 2.46
O8 O8 0.82 0.68 6.4 0.56 4.79 2.66

TOTAL TOTAL 10.73 0.67 30.59

CUMMULATIVE RUNOFF
NOTES



196489000 Barbarick WTS  12/05/2023
Calculated by: RES

Checked by: EJG

Barbarick Transfer Station
Time of Concentration - Proposed Conditions Design Storm 100 Year Storm Event
(Rational Method Procedure)

BASIN INFORMATION
DESIGN DRAIN AREA RUNOFF T(c) C x A I Q T(c) C x A I Q
POINT BASIN ac. COEFF min in/hr cfs min in/hr cfs

P1 P1 0.31 0.79 5.0 0.25 8.68 2.14 10.9 1.1 6.73 7.63 O1 is tributary to P1
P2 P2 0.15 0.76 5.1 0.12 8.65 1.00
P3 P3 0.11 0.79 5.0 0.09 8.68 0.76 8.8 0.9 7.25 6.47 O4 is tributary to P3
P4 P4 0.11 0.79 5.0 0.09 8.68 0.75 8.8 0.9 7.25 6.64 O5 is tributary to P4
P5 P5 0.13 0.79 5.0 0.11 8.68 0.91 8.4 0.9 7.38 6.51 O6 is tributary to P5
P6 P6 2.04 0.69 13.7 1.40 6.14 8.62
R1 R1 0.14 0.81 8.8 0.11 7.27 0.79
R2 R2 0.14 0.81 8.8 0.11 7.27 0.79
O1 O1 1.51 0.75 10.9 1.13 6.73 7.63
O2 O2 0.74 0.77 9.4 0.57 7.10 4.06
O3 O3 0.44 0.77 9.4 0.34 7.10 2.40
O4 O4 1.05 0.77 8.8 0.81 7.25 5.84
O5 O5 1.08 0.77 8.8 0.83 7.25 6.01
O6 O6 1.14 0.77 8.4 0.88 7.38 6.51
O7 O7 0.82 0.77 9.0 0.63 7.21 4.54
O8 O8 0.82 0.77 6.4 0.63 8.04 5.06

TOTAL TOTAL 10.73 0.75 57.81

NOTES
DIRECT RUNOFF CUMMULATIVE RUNOFF



196489000 Barbarick WTS 12/01/2023
Calculated by: RES

Checked by:KRK

DESIGN
 POINT

BASIN
DESIGNATION

BASIN AREA
(ACRES)

BASIN
IMPERVIOUSNESS

(%)

DIRECT 5-
YR

RUNOFF
(CFS)

DIRECT
100-YR

RUNOFF
(CFS)

P1 P1 0.31 81.7% 1.16 2.14
P2 P2 0.15 76.4% 0.53 1.00
P3 P3 0.11 82.2% 0.41 0.76
P4 P4 0.11 82.3% 0.41 0.75
P5 P5 0.13 82.0% 0.50 0.91
P6 P6 2.04 58.9% 4.12 8.62
R1 R1 0.14 90.0% 0.43 0.79
R2 R2 0.14 90.0% 0.43 0.79
O1 O1 1.51 76.1% 4.06 7.63
O2 O2 0.74 80.0% 2.20 4.06
O3 O3 0.44 80.0% 1.30 2.40
O4 O4 1.05 80.0% 3.16 5.84
O5 O5 1.08 80.0% 3.25 6.01
O6 O6 1.14 80.0% 3.52 6.51
O7 O7 0.82 80.0% 2.46 4.54
O8 O8 0.82 76.7% 2.66 5.06

TOTAL 10.73 75.5% 30.59 57.81

SUMMARY - PROPOSED RUNOFF TABLE

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
Note that crushed asphalt has been installed across most or all of these basins. The County considers crushed asphalt to be 100% impervious. Please revise these values accordingly. And then adjust the report discussion above with the subsequent new Total runoff values. 

Glenn Reese - EPC Stormwater
SW - Rectangle
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Barbarick Recycling and Refuse Transfer Station, El Paso County, CO 

 

23  

APPENDIX F: HYDRAULIC ANALYSIS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Profile Report
Engineering Profile - Barbarick WTS - Storm Sewer Profile (Barbarick WTS.stsw)
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Station (ft)
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6" Roof Drain
Rim: 7,021.56 ft
Invert: 7,019.56 ft
HGL: 7,020.97 ft6" Roof Drain

Rim: 7,022.25 ft
Invert: 7,020.25 ft
HGL: 7,021.63 ft

6" Roof Drain
Rim: 7,021.90 ft
Invert: 7,019.90 ft
HGL: 7,021.29 ft

CDOT Type C Inlet
Rim: 7,023.05 ft
Invert: 7,019.28 ft
HGL: 7,020.51 ft

Double CDOT Type C Inlet
Rim: 7,026.08 ft
Invert: 7,021.66 ft
HGL: 7,022.64 ft

Double CDOT Type C Inlet
Rim: 7,026.11 ft
Invert: 7,022.44 ft
HGL: 7,023.10 ft

6" Roof Drain
Rim: 7,023.86 ft
Invert: 7,021.86 ft
HGL: 7,022.56 ft

PVC FES
Rim: 7,020.50 ft
Invert: 7,018.90 ft
HGL: 7,019.95 ft

46.0 ft of 24.0in PVC@ -0.007 ft/ft
Flow=7.81 cfs

Velocity=7.65 ft/s

24.0 ft of 24.0in PVC@ -0.008 ft/ftFlow=7.95 cfsVelocity=7.73 ft/s

46.0 ft of 24.0in PVC@ 0.008 ft/ftFlow=7.67 cfsVelocity=7.70 ft/s

41.1 ft of 24.0in PVC
@ 0.007 ft/ft

Flow=7.53 cfs
Velocity=7.50 ft/s

74.6 ft of 24.0in PVC
@ 0.005 ft/ft

Flow=11.89 cfs
Velocity=7.41 ft/s

86.0 ft of 24.0in PVC@ 0.009 ft/ftFlow=7.53 cfsVelocity=8.26 ft/s

115.3 ft of 24.0in PVC
@ 0.005 ft/ft

Flow=3.50 cfs
Velocity=5.33 ft/s

21.1 ft of 24.0in PVC
@ 0.005 ft/ft

Flow=3.93 cfs
Velocity=5.36 ft/s

5' Manhole
Rim: 7,026.77 ft
Invert: 7,020.55 ft
Invert Out: 7,020.55 ft
HGL: 7,022.03 ft

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-
755-1666

12/1/2023

StormCAD
[10.03.04.53]Bentley Systems, Inc.  Haestad Methods Solution CenterBarbarick WTS.stsw

5-Year Event

Carlos
Text Box
Please provide stormcad layout to help identify the location of the storm sewers. 

Carlos
Text Box
Please provide a legend for the linetypes shown.



Profile Report
Engineering Profile - Barbarick WTS - Entrance Storm Sewer Profile (Barbarick WTS.stsw)
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7,030.00

7,035.00

-0+50 0+00 0+50 1+00

Station (ft)
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)

CDOT Type C Inlet
Rim: 7,026.60 ft
Invert: 7,023.70 ft
HGL: 7,024.74 ft

69.0 ft of 18.0in RCP
@ 0.005 ft/ft

Flow=3.59 cfs
Velocity=5.56 ft/s

4' Manhole
Rim: 7,030.10 ft
Invert: 7,023.34 ft
HGL: 7,024.75 ft

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-
755-1666

12/1/2023

StormCAD
[10.03.04.53]Bentley Systems, Inc.  Haestad Methods Solution CenterBarbarick WTS.stsw

5-Year Event



Profile Report
Engineering Profile - Barbarick WTS - Storm Sewer Profile (Barbarick WTS.stsw)

7,015.00

7,020.00

7,025.00

7,030.00

-0+50 0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 5+00

Station (ft)

E
le

va
tio

n
(ft

)

6" Roof Drain
Rim: 7,021.56 ft
Invert: 7,019.56 ft
HGL: 7,021.58 ft6" Roof Drain

Rim: 7,022.25 ft
Invert: 7,020.25 ft
HGL: 7,022.41 ft

6" Roof Drain
Rim: 7,021.90 ft
Invert: 7,019.90 ft
HGL: 7,022.00 ft

CDOT Type C Inlet
Rim: 7,023.05 ft
Invert: 7,019.28 ft
HGL: 7,020.93 ft

Double CDOT Type C Inlet
Rim: 7,026.08 ft
Invert: 7,021.66 ft
HGL: 7,023.00 ft

Double CDOT Type C Inlet
Rim: 7,026.11 ft
Invert: 7,022.44 ft
HGL: 7,023.34 ft

6" Roof Drain
Rim: 7,023.86 ft
Invert: 7,021.86 ft
HGL: 7,022.97 ft

PVC FES
Rim: 7,020.50 ft
Invert: 7,018.90 ft
HGL: 7,020.43 ft

46.0 ft of 24.0in PVC@ -0.007 ft/ft
Flow=14.45 cfsVelocity=9.01 ft/s

24.0 ft of 24.0in PVC@ -0.008 ft/ftFlow=14.72 cfsVelocity=9.10 ft/s

46.0 ft of 24.0in PVC@ 0.008 ft/ftFlow=14.18 cfsVelocity=9.06 ft/s

41.1 ft of 24.0in PVC
@ 0.007 ft/ft

Flow=13.91 cfs
Velocity=8.82 ft/s

74.6 ft of 24.0in PVC
@ 0.005 ft/ft

Flow=21.23 cfs
Velocity=8.34 ft/s

86.0 ft of 24.0in PVC@ 0.009 ft/ftFlow=13.91 cfsVelocity=9.76 ft/s

115.3 ft of 24.0in PVC
@ 0.005 ft/ft

Flow=6.47 cfs
Velocity=6.33 ft/s

21.1 ft of 24.0in PVC
@ 0.005 ft/ft

Flow=7.27 cfs
Velocity=6.36 ft/s

5' Manhole
Rim: 7,026.77 ft
Invert: 7,020.55 ft
Invert Out: 7,020.55 ft
HGL: 7,022.89 ft

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-
755-1666

12/1/2023

StormCAD
[10.03.04.53]Bentley Systems, Inc.  Haestad Methods Solution CenterBarbarick WTS.stsw

100-Year Event



Profile Report
Engineering Profile - Barbarick WTS - Entrance Storm Sewer Profile (Barbarick WTS.stsw)
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7,030.00

7,035.00

-0+50 0+00 0+50 1+00

Station (ft)
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)

CDOT Type C Inlet
Rim: 7,026.60 ft
Invert: 7,023.70 ft
HGL: 7,025.49 ft

69.0 ft of 18.0in RCP
@ 0.005 ft/ft

Flow=7.82 cfs
Velocity=4.43 ft/s

4' Manhole
Rim: 7,030.10 ft
Invert: 7,023.34 ft
HGL: 7,025.31 ft

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-
755-1666

12/1/2023

StormCAD
[10.03.04.53]Bentley Systems, Inc.  Haestad Methods Solution CenterBarbarick WTS.stsw

100-Year Event



Analysis of Trapezoidal Channel (Grass-Lined uses SCS Method)
NRCS Vegetal Retardance (A, B, C, D, or E) A, B, C, D, or E =
Manning's n (Leave cell D16 blank to manually enter an n value) n = 0.013
Channel Invert Slope SO = 0.0089 ft/ft
Bottom Width B = 0.00 ft
Left Side Slope Z1 = 12.00 ft/ft
Right Side Sloe Z2 = 12.00 ft/ft

Check one of the following soil types:
Soil Type: Max. Velocity (VMAX) Max Froude No. (FMAX)

      Non-Cohesive                     5.0 fps                                   0.60
          Cohesive                        7.0 fps                                   0.80
            Paved                            N/A                                      N/A

Minor Storm Major Storm
Maximum Allowable Top Width of Channel for Minor & Major Storm TMAX = 18.00 35.00 ft
Maximum Allowable Water Depth in Channel for Minor & Major Storm dMAX = 0.57 0.57 ft

Allowable Channel Capacity Based On Channel Geometry Minor Storm Major Storm
MINOR STORM Allowable Capacity is based on Depth Criterion Qallow = 18.2 18.2 cfs
MAJOR STORM Allowable Capacity is based on Depth Criterion dallow = 0.57 0.57 ft

Water Depth in Channel Based On Design Peak Flow
Design Peak Flow Qo = 3.5 6.5 cfs
Water Depth d = 0.31 0.39 ft

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

MHFD-Inlet, Version 5.03 (August 2023)
AREA INLET IN A SWALE

Inlet P3

This worksheet uses the NRCS vegetal
retardance method to determine
Manning's n for grass-lined channels.

An override Manning's n can be
entered for other channel materials.

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Choose One:
Non-Cohesive
Cohesive
Paved

Barbarick WTS - Inlet Calcs.xlsm, Inlet P3 12/5/2023, 9:31 AM



MHFD-Inlet, Version 5.03 (August 2023)
AREA INLET IN A SWALE

Inlet P3

Inlet Design Information (Input)
Type of Inlet Inlet Type =

Angle of Inclined Grate (must be <= 30 degrees) θ = 0.00 degrees
Width of Grate W = 3.00 ft
Length of Grate L = 6.00 ft
Open Area Ratio ARATIO = 0.70
Height of Inclined Grate HB = 0.00 ft
Clogging Factor Cf = 0.38
Grate Discharge Coefficient Cd = 0.78
Orifice Coefficient Co = 0.52
Weir Coefficient Cw = 1.67

MINOR MAJOR
Water Depth at Inlet (for depressed inlets, 1 foot is added for depression) d = 0.31 0.39
Total Inlet Interception Capacity (assumes clogged condition) Qa = 5.1 7.2 cfs
Bypassed Flow Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo C% = 100 100 %

CDOT Type D (In Series)CDOT Type D (In Series)

Barbarick WTS - Inlet Calcs.xlsm, Inlet P3 12/5/2023, 9:31 AM

Carlos
Callout
Please verify inlet type. The drainage map shows a double Type C area inlet.



Analysis of Trapezoidal Channel (Grass-Lined uses SCS Method)
NRCS Vegetal Retardance (A, B, C, D, or E) A, B, C, D, or E =
Manning's n (Leave cell D16 blank to manually enter an n value) n = 0.013
Channel Invert Slope SO = 0.0093 ft/ft
Bottom Width B = 0.00 ft
Left Side Slope Z1 = 12.00 ft/ft
Right Side Sloe Z2 = 12.00 ft/ft

Check one of the following soil types:
Soil Type: Max. Velocity (VMAX) Max Froude No. (FMAX)

      Non-Cohesive                     5.0 fps                                   0.60
          Cohesive                        7.0 fps                                   0.80
            Paved                            N/A                                      N/A

Minor Storm Major Storm
Maximum Allowable Top Width of Channel for Minor & Major Storm TMAX = 18.00 35.00 ft
Maximum Allowable Water Depth in Channel for Minor & Major Storm dMAX = 0.60 0.60 ft

Allowable Channel Capacity Based On Channel Geometry Minor Storm Major Storm
MINOR STORM Allowable Capacity is based on Depth Criterion Qallow = 21.3 21.3 cfs
MAJOR STORM Allowable Capacity is based on Depth Criterion dallow = 0.60 0.60 ft

Water Depth in Channel Based On Design Peak Flow
Design Peak Flow Qo = 3.6 6.6 cfs
Water Depth d = 0.31 0.39 ft

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

MHFD-Inlet, Version 5.03 (August 2023)
AREA INLET IN A SWALE

Inlet P4

This worksheet uses the NRCS vegetal
retardance method to determine
Manning's n for grass-lined channels.

An override Manning's n can be
entered for other channel materials.

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Choose One:
Non-Cohesive
Cohesive
Paved

Barbarick WTS - Inlet Calcs.xlsm, Inlet P4 12/5/2023, 9:32 AM



MHFD-Inlet, Version 5.03 (August 2023)
AREA INLET IN A SWALE

Inlet P4

Inlet Design Information (Input)
Type of Inlet Inlet Type =

Angle of Inclined Grate (must be <= 30 degrees) θ = 0.00 degrees
Width of Grate W = 3.00 ft
Length of Grate L = 6.00 ft
Open Area Ratio ARATIO = 0.70
Height of Inclined Grate HB = 0.00 ft
Clogging Factor Cf = 0.38
Grate Discharge Coefficient Cd = 0.78
Orifice Coefficient Co = 0.52
Weir Coefficient Cw = 1.67

MINOR MAJOR
Water Depth at Inlet (for depressed inlets, 1 foot is added for depression) d = 0.31 0.39
Total Inlet Interception Capacity (assumes clogged condition) Qa = 5.1 7.2 cfs
Bypassed Flow Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo C% = 100 100 %

CDOT Type D (In Series)CDOT Type D (In Series)

Barbarick WTS - Inlet Calcs.xlsm, Inlet P4 12/5/2023, 9:32 AM

Carlos
Callout
Please verify inlet type. The drainage map shows a double Type C area inlet.



Analysis of Trapezoidal Channel (Grass-Lined uses SCS Method)
NRCS Vegetal Retardance (A, B, C, D, or E) A, B, C, D, or E = B
Manning's n (Leave cell D16 blank to manually enter an n value) n = see details below
Channel Invert Slope SO = 0.0180 ft/ft
Bottom Width B = 0.00 ft
Left Side Slope Z1 = 45.00 ft/ft
Right Side Sloe Z2 = 20.00 ft/ft

Check one of the following soil types:
Soil Type: Max. Velocity (VMAX) Max Froude No. (FMAX)

      Non-Cohesive                     5.0 fps                                   0.60
          Cohesive                        7.0 fps                                   0.80
            Paved                            N/A                                      N/A

Minor Storm Major Storm
Maximum Allowable Top Width of Channel for Minor & Major Storm TMAX = 35.00 35.00 ft
Maximum Allowable Water Depth in Channel for Minor & Major Storm dMAX = 0.32 0.32 ft

Maximum Channel Capacity Based On Allowable Top Width Minor Storm Major Storm
Maximum Allowable Top Width TMAX = 35.00 35.00 ft
Water Depth d = 0.54 0.54 ft
Flow Area A = 9.42 9.42 sq ft
Wetted Perimeter P = 35.02 35.02 ft
Hydraulic Radius R = 0.27 0.27 ft
Manning's n based on NRCS Vegetal Retardance n = 0.318 0.318
Flow Velocity V = 0.26 0.26 fps
Velocity-Depth Product VR = 0.07 0.07 ft^2/s
Hydraulic Depth D = 0.27 0.27 ft
Froude Number Fr = 0.09 0.09
Maximum Flow Based on Allowable Water Depth QT = 2.5 2.5 cfs

Maximum Channel Capacity Based On Allowable Water Depth Minor Storm Major Storm
Maximum Allowable Water Depth dMAX = 0.32 0.32 ft
Top Width T = 20.80 20.80 ft
Flow Area A = 3.33 3.33 sq ft
Wetted Perimeter P = 20.81 20.81 ft
Hydraulic Radius R = 0.16 0.16 ft
Manning's n based on NRCS Vegetal Retardance n = 0.318 0.318
Flow Velocity V = 0.19 0.19 fps
Velocity-Depth Product VR = 0.03 0.03 ft^2/s
Hydraulic Depth D = 0.16 0.16 ft
Froude Number Fr = 0.08 0.08
Maximum Flow Based On Allowable Water Depth Qd = 0.6 0.6 cfs

Allowable Channel Capacity Based On Channel Geometry Minor Storm Major Storm
MINOR STORM Allowable Capacity is based on Depth Criterion Qallow = 0.6 0.6 cfs
MAJOR STORM Allowable Capacity is based on Depth Criterion dallow = 0.32 0.32 ft

Water Depth in Channel Based On Design Peak Flow
Design Peak Flow Qo = 3.9 6.5 cfs

Warning 05 Water Depth d = 0.64 0.78 ft
Warning 06 Top Width T = 41.54 50.59 ft

Flow Area A = 13.28 19.69 sq ft
Wetted Perimeter P = 41.57 50.62 ft
Hydraulic Radius R = 0.32 0.39 ft
Manning's n based on NRCS Vegetal Retardance n = 0.318 0.322
Flow Velocity V = 0.29 0.33 fps
Velocity-Depth Product VR = 0.09 0.13 ft^2/s
Hydraulic Depth D = 0.32 0.39 ft
Froude Number Fr = 0.09 0.09

WARNING: MAJOR STORM max. allowable capacity is less than the design flow given on sheet 'Inlet Management'

MHFD-Inlet, Version 5.03 (August 2023)
AREA INLET IN A SWALE

Inlet P5

This worksheet uses the NRCS vegetal
retardance method to determine
Manning's n for grass-lined channels.

An override Manning's n can be
entered for other channel materials.

WARNING: MINOR STORM max. allowable capacity is less than the design flow given on sheet 'Inlet Management'

Choose One:
Non-Cohesive
Cohesive
Paved

Barbarick WTS - Inlet Calcs.xlsm, Inlet P5 12/5/2023, 9:25 AM

Note: Please see Inlet P-5
Cross Section per Flow
Master Analysis.
Maximum water depth at
Inlet P-5, for the 100-Year
Storm is 2.2in ~ 0.18 ft.
0.18ft < 0.32 ft (Dmax)



MHFD-Inlet, Version 5.03 (August 2023)
AREA INLET IN A SWALE

Inlet P5

Inlet Design Information (Input)
Type of Inlet Inlet Type =

Angle of Inclined Grate (must be <= 30 degrees) θ = 0.00 degrees
Width of Grate W = 3.00 ft
Length of Grate L = 3.00 ft
Open Area Ratio ARATIO = 0.70
Height of Inclined Grate HB = 0.00 ft
Clogging Factor Cf = 0.50
Grate Discharge Coefficient Cd = 0.96
Orifice Coefficient Co = 0.64
Weir Coefficient Cw = 2.05

MINOR MAJOR
Water Depth at Inlet (for depressed inlets, 1 foot is added for depression) d = 0.64 0.78

Grate Capacity as a Weir
Submerged Side Weir Length X = 3.00 3.00 ft
Inclined Side Weir Flow Qws = 5.5 7.4 cfs
Base Weir Flow Qwb = 7.9 10.6 cfs
Interception Without Cloggging Qwi = 18.9 25.4 cfs
Interception With Clogging Qwa = 9.4 12.7 cfs

Grate Capacity as an Orifice
Interception Without Clogging Qoi = 25.9 28.5 cfs
Interception With Clogging Qoa = 12.9 14.3 cfs

Total Inlet Interception Capacity (assumes clogged condition) Qa = 9.4 12.7 cfs
Bypassed Flow Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo C% = 100 100 %

CDOT Type CCDOT Type C

Barbarick WTS - Inlet Calcs.xlsm, Inlet P5 12/5/2023, 9:25 AM

Note: Please see Inlet P-5 Cross Section
per Flow Master Analysis. Maximum water
depth at Inlet P-5, for the 100-Year Storm
is 2.2in ~ 0.18 ft. 0.18ft < 0.32 ft (Dmax). 

Bypass flows are anticipated to exist.
These flows will continue south and into
the existing EDB.



Inlet P5 - Cross Section
Project Description

Manning
FormulaFriction Method

Normal DepthSolve For

Input Data

ft/ft0.018Channel Slope
in2.2Normal Depth
cfs6.51Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

10/27/2023

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution
CenterInlet P5 - Flow Master.fm8

~ 100-Year Flow



Final Drainage Report 
Barbarick Recycling and Refuse Transfer Station, El Paso County, CO 
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APPENDIX G: EX. FINAL DRAINAGE REPORT FOR BARBARICK SUBDIVISION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 















Carlos
Text Box
Verify if this page is missing.













































































































































Q(5)
(CFS)

16.7
13.7
21.3 (16.7+4.3+0.3)

2.6

14.6 (13.7+0.9)

**EXISTING CONDITIONS



No Q(5) for the pond release
was provided

29.429.4 O2 Pass Through



Final Drainage Report 
Barbarick Recycling and Refuse Transfer Station, El Paso County, CO 
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APPENDIX H: COST ESTIMATE / FINANCIAL ASSURANCES ESTIMATE  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2023 Financial Assurance Estimate Form
(with pre-plat construction) Updated: 12/8/2022

Project Name: Barbarick Transfer Station Date: December 2023 PCD File No.

 Unit
Description Quantity Units  Cost  Total % Complete  Remaining

Earthwork *
less than 1,000; $5,300 min CY 8.00$ = -$ -$ *
1,000-5,000; $8,000 min CY 6.00$ = -$ -$ *
5,001-20,000; $30,000 min 8,606 CY 5.00$ = 43,030.00$ 43,030.00$ *
20,001-50,000; $100,000 min CY 3.50$ = -$ -$ *
50,001-200,000; $175,000 min CY 2.50$ = -$ -$ *
greater than 200,000; $500,000 min CY 2.00$ = -$ -$ *

Permanent Erosion Control Blanket 0.0 SY 8.00$ = -$ -$ *
Permanent Seeding (inc. noxious weed mgmnt.) & Mulching 1.2 AC 1,875.00$ = 2,175.00$ 2,175.00$ *
Permanent Pond/BMP (provide engineer's estimate) EA = -$ -$ *
Concrete Washout Basin 1 EA 1,089.00$ = 1,089.00$ 1,089.00$
Inlet Protection 8 EA 202.00$ = 1,616.00$ 1,616.00$
Rock Check Dam EA 605.00$ = -$ -$
Safety Fence (CONSTRUCTION FENCE) 960 LF 3.00$ = 2,880.00$ 2,880.00$
Sediment Basin (EXISTING DETENTION POND) 0.5 EA 2,132.00$ = 1,066.00$ 1,066.00$
Sediment Trap EA 500.00$ = -$ -$
Silt Fence 841 LF 3.00$ = 2,523.00$ 2,523.00$
Slope Drain LF 40.00$ -$ -$
Straw Bale EA 31.00$ = -$ -$
Straw Wattle/Rock Sock 601 LF 7.00$ = 4,207.00$ 4,207.00$
Surface Roughening AC 250.00$ -$ -$
Temporary Erosion Control Blanket 32.0 SY 3.00$ = 96.00$ 96.00$
Temporary Seeding and Mulching 0.1 AC 1,666.00$ = 166.60$ 166.60$
Vehicle Tracking Control 1 EA 2,867.00$ = 2,867.00$ 2,867.00$

= -$ -$
[insert items not listed but part of construction plans] = -$ -$

MAINTENANCE (35% of Construction BMPs) = 5,397.56$ 5,397.56$

=  $            67,113.16  $            67,113.16

ROADWAY IMPROVEMENTS *
Construction Traffic Control LS = -$ -$ *
Aggregate Base Course         (135 lbs/cf) Tons 34.00$ = -$ -$ *
Aggregate Base Course         (135 lbs/cf) CY 61.00$ -$ -$ *
Asphalt Pavement (3" thick) SY 17.00$ -$ -$ *
Asphalt Pavement (4" thick) SY 23.00$ -$ -$ *
Asphalt Pavement (6" thick) SY 35.00$ -$ -$ *
Asphalt Pavement                   (147 lbs/cf)   5 " thick Tons 106.00$ = -$ -$ *
Raised Median, Paved SF 10.00$ = -$ -$ *
Regulatory Sign/Advisory Sign EA 364.00$ = -$ -$ *
Guide/Street Name Sign EA = -$ -$ *
Epoxy Pavement Marking SF 16.00$ = -$ -$ *
Thermoplastic Pavement Marking SF 28.00$ = -$ -$ *
Barricade - Type 3 EA 241.00$ = -$ -$ *
Delineator - Type I EA 29.00$ = -$ -$ *
Curb and Gutter, Type A      (6" Vertical) LF 35.00$ = -$ -$ *
Curb and Gutter, Type B      (Median) LF 35.00$ = -$ -$ *
Curb and Gutter, Type C      (Ramp) LF 35.00$ = -$ -$ *
4" Sidewalk (common areas only) SY 58.00$ = -$ -$ *
5" Sidewalk SY 72.00$ = -$ -$ *
6" Sidewalk SY 87.00$ = -$ -$ *
8" Sidewalk SY 116.00$ -$ -$ *
Pedestrian Ramp EA 1,390.00$ = -$ -$ *
Cross Pan, local (8" thick, 6' wide to include return) LF 73.00$ = -$ -$ *
Cross Pan, collector (9" thick, 8' wide to include return) LF 111.00$ -$ -$ *
Curb Opening with Drainage Chase EA 1,790.00$ = -$ -$ *
Guardrail Type 3 (W-Beam) LF 60.00$ = -$ -$ *
Guardrail Type 7 (Concrete) LF 87.00$ = -$ -$ *
Guardrail End Anchorage EA 2,538.00$ = -$ -$ *
Guardrail Impact Attenuator EA 4,556.00$ = -$ -$ *
Sound Barrier Fence (CMU block, 6' high) LF 95.00$ -$ -$ *
Sound Barrier Fence (panels, 6' high) LF 97.00$ = -$ -$ *
Electrical Conduit,                         Size = LF 20.00$ = -$ -$ *
Traffic Signal, (provide engineer's estimate) EA = -$ -$ *

Section 1 Subtotal
* - Subject to defect warranty financial assurance.  A minimum of 20% shall
be retained until final acceptance (MAXIMUM OF 80% COMPLETE
ALLOWED)

SECTION 2 - PUBLIC IMPROVEMENTS *

SECTION 1 - GRADING AND EROSION CONTROL (Construction and Permanent BMPs)

PROJECT INFORMATION

(with Pre-Plat Construction)

Page 1 of 4

Carlos
Text Box
Please remove FAE from the drainage report, and provide engineer's cost estimate.



Project Name: Barbarick Transfer Station Date: December 2023 PCD File No.

 Unit
Description Quantity Units  Cost  Total % Complete  Remaining
SECTION 1 - GRADING AND EROSION CONTROL

PROJECT INFORMATION

(with Pre-Plat Construction)

ROADWAY IMPROVEMENTS
Aggregate Base Course         (135 lbs/cf) 962.0 Tons 34.00$ = 32,708.00$ 32,708.00$
Asphalt Pavement                 (147 lbs/cf)   5 " thick 872.0 Tons 106.00$ = 92,432.00$ 92,432.00$
Epoxy Pavement Marking 233.0 SF 16.00$ = 3,728.00$ 3,728.00$
Thermoplastic Pavement Marking 12.0 SF 28.00$ = 336.00$ 336.00$
Electrical Conduit,                         Size = 1" 1,030.0 LF 20.00$ = 20,600.00$ 20,600.00$
Electrical Conduit,                         Size = 2" 910.0 LF 20.00$ = 18,200.00$ 18,200.00$
MSE Block Retaining Wall (8' max) 1,400 SF 50.00$ = 70,000.00$ 70,000.00$
Concrete Retaining Wall (8' max) 985 SF 80.00$ = 78,800.00$ 78,800.00$

STORM DRAIN IMPROVEMENTS (Exception: Permanent Pond/BMP shall be itemized under Section 1)
Grated Inlet (Double Type C),         Depth < 5' 2 EA 7,000.00$ = 14,000.00$ 14,000.00$
Grated Inlet (Type C),                    Depth < 5' 2 EA 5,611.00$ = 11,222.00$ 11,222.00$
Storm Sewer Manhole, Box Base 2 EA 14,061.00$ = 28,122.00$ 28,122.00$
4" PVC Pipe 470 LF 70.00$ = 32,900.00$ 32,900.00$
6" PVC Pipe 205 LF 75.00$ = 15,375.00$ 15,375.00$
18" PVC Pipe 73 LF 80.00$ = 5,840.00$ 5,840.00$
24" PVC Pipe 454 LF 80.00$ = 36,320.00$ 36,320.00$
4' Concrete Drainage Pan (6", Fibermesh Reinforced) 848 LF 100.00$ = 84,800.00$ 84,800.00$
PVC FES 1 EA 800.00$ = 800.00$ 800.00$
Rip Rap, d50 size from 6" to 24" 20 Tons 97.00$ = 1,940.00$ 1,940.00$

WATER SYSTEM IMPROVEMENTS
Water Main Pipe (PVC), Size 8" LF 78.00$ = -$ -$
Water Main Pipe (Ductile Iron), Size 8" LF 91.00$ = -$ -$
Gate Valves, 8" EA 2,247.00$ = -$ -$
Fire Hydrant Assembly, w/ all valves EA 7,978.00$ = -$ -$
Water Service Line Installation, inc. tap and valves 2 EA 1,601.00$ = 3,202.00$ 3,202.00$
Fire Cistern Installation, complete EA = -$ -$

= -$ -$
[insert items not listed but part of construction plans] = -$ -$

SANITARY SEWER IMPROVEMENTS
Sewer Main Pipe (PVC), Size 8" LF 78.00$ = -$ -$
Sanitary Sewer Manhole, Depth < 15 feet EA 5,305.00$ = -$ -$
Sanitary Service Line Installation, complete 1 EA 1,696.00$ = 1,696.00$ 1,696.00$
Sanitary Sewer Lift Station, complete EA = -$ -$

= -$ -$
[insert items not listed but part of construction plans] = -$ -$

LANDSCAPING IMPROVEMENTS   (For subdivision specific condition of approval, or PUD)
Trees (Ponderosa Pine) 34 EA 600.00$ = 20,400.00$ 20,400.00$
Seeding (EPC Low Grow Mix) 50,413 SF 0.50$ = 25,206.50$ 25,206.50$

EA = -$ -$
EA = -$ -$
EA = -$ -$

= 469,759.50$ 469,759.50$** - Section 3 is not subject to defect warranty requirements Section 3 Subtotal

SECTION 3 - COMMON DEVELOPMENT IMPROVEMENTS (Private or District and NOT Maintained by EPC)**

Page 3 of 4



Project Name: Barbarick Transfer Station Date: December 2023 PCD File No.

 Unit
Description Quantity Units  Cost  Total % Complete  Remaining
SECTION 1 - GRADING AND EROSION CONTROL

PROJECT INFORMATION

(with Pre-Plat Construction)

AS-BUILT PLANS (Public Improvements inc. Permanent WQCV BMPs) LS = -$ -$
POND/BMP CERTIFICATION (inc. elevations and volume calculations) LS = -$ -$

Total Construction Financial Assurance 536,872.66$
(Sum of all section subtotals plus as-builts and pond/BMP certification)

Total Remaining Construction Financial Assurance (with Pre-Plat Construction) 536,872.66$
(Sum of all section totals less credit for items complete plus as-builts and pond/BMP certification)

Total Defect Warranty Financial Assurance 9,041.00$
(20% of all items identified as (*). To be collateralized at time of preliminary acceptance)

Engineer     (P.E. Seal Required)

Approved by Owner / Applicant Date

Approved by El Paso County Engineer / ECM Administrator Date

I hereby certify that this is an accurate and complete estimate of costs for the work as shown on the Grading and Erosion Control Plan and Construction Drawings associated with the Project.

Approvals

Page 4 of 4



Final Drainage Report 
Barbarick Recycling and Refuse Transfer Station, El Paso County, CO 
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APPENDIX I: DRAINAGE MAPS 
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POND DISCHARGE
(DESIGN POINT P8)

Glenn Reese - EPC Stormwater
SW - Textbox with Arrow
recommend riprap (or other armoring) to extend down to the toe of the embankment to protect against erosion. 

Carlos
Callout
Label inlet and type

Carlos
Text Box
Provide calculations for drainage pans in the report. Label each drainage pan.

Carlos
Callout
Show and label Cliff Allen Point boundary

Carlos
Callout
Provide riprap calculations in the report. And label riprap depth, width, and thickness.

Carlos
Callout
Label riprap dimensions



Drainage Report - Final Comments.pdf Markup Summary

Subject: Text Box
Page Label: 5
Author: Carlos
Date: 1/25/2024 8:16:48 AM
Color: 

Please provide MHFD spreadsheet showing the
modifications to the outlet structure.

Carlos (23)

Subject: Highlight
Page Label: 6
Author: Carlos
Date: 1/25/2024 11:14:34 AM
Color: 

The existing EDB is designed to store up to 1.49
ac-ft to 
the spillway (Elev: 7023.20)

Subject: Callout
Page Label: 9
Author: Carlos
Date: 1/25/2024 11:08:23 AM
Color: 

P5

Subject: Callout
Page Label: 9
Author: Carlos
Date: 1/25/2024 11:08:36 AM
Color: 

P5

Subject: Highlight
Page Label: 12
Author: Carlos
Date: 1/25/2024 11:21:33 AM
Color: 

. The existing EDB is located to the south of the
Site with an 
existing volume of 2.89 ac-ft

Subject: Callout
Page Label: 12
Author: Carlos
Date: 1/25/2024 11:22:20 AM
Color: 

Please clarify existing EDB volume. See
highlighted section in page 6.

Subject: Text Box
Page Label: 33
Author: Carlos
Date: 1/24/2024 5:36:16 PM
Color: 

Please move soils report to its own submittal
outside of the drainage report.

Subject: Callout
Page Label: 57
Author: Carlos
Date: 1/25/2024 1:09:28 PM
Color: 

FYI: The gravel coefficients shown are higher than
the coefficients listed in Table 6-6 Runoff
Coefficients for Rational Method in the DCM Vol. 1.
Please note where provided coefficients are being
obtained/calculated or revise to match DCM.

Subject: Callout
Page Label: 58
Author: Carlos
Date: 1/25/2024 1:10:43 PM
Color: 

Per aerial imagery and parcel location. The site is
in an urbanized area. Please revise initial/overland
time length to meet max 100ft criteria. 

Final Drainage Report 
Barbarick Recycling and Refuse Transfer Station, El Paso County, CO 

DESCRIPTION 

ately 3.93± acres total and 2.31± acres are anticipated to be disturbed. 
proposed recycling and refuse transfer station building and attendant 
nd 100-year detention is required for the site and is achieved with the 
ention pond to the south of the property. The existing detention pond is 
proposed improvements. Minor modifications to the outlet structure are 
water quality detention requirements are met. 

Please provide MHFD spreadsheet showing the
modifications to the outlet structure.
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Sub-Basin E1 

Sub-Basin E1 consists of the entrance to the Site, beginning at the dead end of Cliff Allen Pt. E1 
is 0.39 acres in size and yields an impervious value of 55.3%. This Sub-Basin accepts flows 
from the adjacent off-site basin, OE1, to the north. The central section of this Sub-Basin directs 
flows from the adjacent offsite Sub-Basins and runoff generated within, westwards via vegetated 
swale. Runoff during the 5-year and 100-year storm events are 0.91 and 1.92 cfs, respectively. 
Concentrated flows in this Sub-Basin outfall into an existing culvert at design point E1, which 
runs southwards to the existing EDB to the south of the Site. See Appendix I for the Existing 
Conditions Drainage Map. 

Sub-Basin E2 

Sub-Basin E2 consists of the rest of the Site, including the existing EDB to the south of the Site. 
E2 is approximately 2.59 acres in size and yields an impervious value of 62.1%. This Sub-Basin 
accepts flows from adjacent off-site basins OE2, OE3, and OE4, to the north and west. Flows 
accepted from off-site and generated on-site flow into the existing EDB at design point E2 via 
sheet flow with minimal concentrated flows. Runoff during the 5-year and 100-year storm events 
are 5.75 and 11.64 cfs, respectively. The existing EDB is designed to store up to 1.49 ac-ft to 
the spillway (Elev: 7023.20). Flows are detained within the EDB and are released downstream 
at design point ED and outfall to the south, into Sand Creek. See Appendix I for the Existing 
Conditions Drainage Map. 

Sub-Basin OE1 

Sub-Basin OE1 is the offsite sub-basin just to the north of sub-basin E1. OE1 is approximately 
2.34 acres in size and yields an impervious value of 77.5%. Existing land cover for this basin 
can be described as compacted gravel. The existing land-use for this sub-basin is vehicular and 
modular storage. Runoff during the 5-year and 100-year storm events are 6.43 and 12.00 cfs 
respectively. Flows generated within OE1 flow into sub-basin E1 at design point OE1 and 
ultimately outfall into the EDB to the south of the Site. See Appendix I for the Existing 

 and Refuse Transfer Station, El Pa

f sub-basin P4 and includes propos
6 is 0.13 acres in size and yields
adjacent off-site sub-basin, O6, to
b-basin P4 are the 4’ concrete dra
ng the 5-year and 100-year storm e

P5

ated area inlet. Runoff during the 5
pectively. Flows in this sub-basin 
int P4. These flows are then routed
e, into the existing detention pond
ll surface flow into the existing dete
 Calculations and for StormCAD M

age Map. 

nsists of the majority of the Site. Im
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There are no additional provisions selected or deviations from the criteria in both the MANUAL 
and Colorado Springs MANUAL.  

HYDRAULIC CRITERIA 

Applicable design methods were utilized to confirm the size of the EDB, which includes the use 
of the UD-Detention spreadsheet and rational calculations spreadsheet. Storm sewer sizing and 
hydraulic grade line calculations were computed using StormCAD implementing the standard 
step method. Bentley FlowMaster (Edition Update 3) was used for the sizing and analysis of the 
western drive isle/drainage pan, proposed roof drains, and proposed 18” PVC storm pipe 
connecting to the existing 30” HDPE storm pipe to the east of the Site.  
 
Proposed drainage features on-site have been analyzed and sized for the following storm 
events: 
 

• Major Storm: 100-year Storm Event 
 

One EDB is exists on Site and provides the required water quality capture volume, EURV 
volume and 100-year detention. The existing EDB is located to the south of the Site with an 
existing volume of 2.89 ac-ft and designed for the 100-year storm event. The minimum required 
volume for the EDB, in the proposed condition, is 1.387 ac-ft. Developed flows from the Site will 
be released at controlled rates from the EDB and is ultimately tributary to Sand Creek. Flows 
that are discharged from the pond will continue south through rip rap, low-tailwater basin for 
energy dissipation before continuing south. As flows continue south via historic drainage 
patterns, they will channelize and be conveyed through a 24” corrugated metal pipe (per ALTA 
Survey by LDC, Inc dated 10/20/2021), running beneath the existing gravel road. It is stated in 
the existing FDR for the Barbarick Subdivision that this pipe is 12” and that flows in excess of 
5.7 cfs would overtop the gravel road, creating a tailwater elevation of 7018.0. This gravel road 
and corrugated metal pipe will be eliminated in the development of Sterling Ranch. EDB 

utilized to confirm the size of the EDB, which includes the use 
 and rational calculations spreadsheet. Storm sewer sizing and 
were computed using StormCAD implementing the standard 

r (Edition Update 3) was used for the sizing and analysis of the 
, proposed roof drains, and proposed 18” PVC storm pipe 
PE storm pipe to the east of the Site.  

te have been analyzed and sized for the following storm 

orm Event 

 provides the required water quality capture volume, EURV 
The existing EDB is located to the south of the Site with an 
designed for the 100-year storm event. The minimum required 
sed condition, is 1.387 ac-ft. Developed flows from the Site will 
om the EDB and is ultimately tributary to Sand Creek. Flows 
nd will continue south through rip rap, low-tailwater basin for 
nuing south. As flows continue south via historic drainage 
d be conveyed through a 24” corrugated metal pipe (per ALTA 
2021), running beneath the existing gravel road. It is stated in 

Please clarify existing EDB
volume. See highlighted section in
page 6.

TIGATION

ck Sub.
ado

Please move soils report to its
own submittal outside of the
drainage report.

iousness Calculations - Existing Conditions
EA GRAVEL GRAVEL LANDSCAPE LANDSCAPE PAVEMENT TOTAL ROOF TOTAL
es) AREA IMP. C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 AREA IMP C2

39 11,670 80% 0.68 0.7 0.71 0.77 5,204 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71
59 87,610 80% 0.68 0.7 0.71 0.77 25,281 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71
34 98,528 80% 0.68 0.7 0.71 0.77 3,243 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71
48 108,087 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71
14 49,856 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71
82 35,615 80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71
97 31,640 80% 0.68 0.7 0.71 0.77 3,715 0% 0.02 0.08 0.15 0.35 2,959 100% 0.89 0.90 0.92 0.96 3,977 90% 0.71
73 423,005 80% 0.68 0.70 0.71 0.77 37,443 0% 0.02 0.08 0.15 0.35 2,959 100% 0.89 0.90 0.92 0.96 3,977 90% 0.71

GRAVEL LANDSCAPE PAVEMENT

FYI: The gravel coefficients shown are higher than the coefficients listed in Table 6-6 Runoff
Coefficients for Rational Method in the DCM Vol. 1. Please note where provided coefficients are
being obtained/calculated or revise to match DCM.

0.56 280 3.2% 11.2 0 0.0% 10.00 0.0 0.0 11.2
0.68 300 2.0% 10.6 0 0.0% 10.00 0.0 0.0 10.6
0.70 300 2.5% 9.4 0 0.0% 10.00 0.0 0.0 9.4
0.70 300 3.5% 8.4 0 0.0% 10.00 0.0 0.0 8.4
0.70 300 3.0% 8.8 35 13.0% 10.00 3.6 0.2 9.0
0.66 163 3.8% 6.6 30 25.0% 10.00 5.0 0.1 6.7

ates that the maximum overland flow length is 100ft for urbanized areas and 300ft for rural areas. The minimum
nditions.

Per aerial imagery and parcel location. The
site is in an urbanized area. Please revise
initial/overland time length to meet max 100ft
criteria. 



Subject: Callout
Page Label: 61
Author: Carlos
Date: 1/25/2024 1:14:13 PM
Color: 

Please revise to clarify this is existing conditions
runoff  table.

Subject: Callout
Page Label: 62
Author: Carlos
Date: 1/25/2024 1:14:41 PM
Color: 

FYI: The gravel coefficients shown are higher than
the coefficients listed in Table 6-6 Runoff
Coefficients for Rational Method in the DCM Vol. 1.
Please note where provided coefficients are being
obtained/calculated or revise to match DCM.

Subject: Callout
Page Label: 63
Author: Carlos
Date: 1/25/2024 1:22:23 PM
Color: 

Final time of concentration values do not meet
minimum values for rural areas. Per comment in
existing conditions runoff table the area is
considered more of an urban area.

Subject: Text Box
Page Label: 68
Author: Carlos
Date: 1/25/2024 1:27:38 PM
Color: 

Please provide stormcad layout to help identify the
location of the storm sewers.

Subject: Text Box
Page Label: 68
Author: Carlos
Date: 1/25/2024 2:09:47 PM
Color: 

Please provide a legend for the linetypes shown.

Subject: Callout
Page Label: 73
Author: Carlos
Date: 1/25/2024 2:14:07 PM
Color: 

Please verify inlet type. The drainage map shows a
double Type C area inlet.

Subject: Callout
Page Label: 75
Author: Carlos
Date: 1/25/2024 2:13:59 PM
Color: 

Please verify inlet type. The drainage map shows a
double Type C area inlet.

Subject: Text Box
Page Label: 86
Author: Carlos
Date: 1/25/2024 3:12:56 PM
Color: 

Verify if this page is missing.

Subject: Text Box
Page Label: 159
Author: Carlos
Date: 1/24/2024 5:39:09 PM
Color: 

Please remove FAE from the drainage report, and
provide engineer's cost estimate.

Barbarick WTS 12/05/
Calculated by:

Checked by

ASIN AREA
(ACRES)

BASIN
IMPERVIOUSNESS

(%)

DIRECT 5-
YR

RUNOFF
(CFS)

DIRECT
100-YR

RUNOFF
(CFS)

 - PROPOSED RUNOFF TABLE

Please revise to clarify this
is existing conditions runoff
 table.

Calculations - Proposed Conditions

GRAVEL LANDSCAPE LANDSCAPE PAVEMENT TOTAL ROOF TOTAL
IMP. C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 AREA IMP C2 C5 C10 C100 AREA IMP C2 C5 C1
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 1,159 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 509 0% 0.02 0.08 0.15 0.35 720 100% 0.89 0.90 0.92 0.96 250 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 534 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 547 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 569 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 30,941 0% 0.02 0.08 0.15 0.35 29,829 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 5,882 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 5,882 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 3,243 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 0 0% 0.02 0.08 0.15 0.35 0 100% 0.89 0.90 0.92 0.96 0 90% 0.71 0.73 0.7
80% 0.68 0.7 0.71 0.77 3,715 0% 0.02 0.08 0.15 0.35 6,935 100% 0.89 0.90 0.92 0.96 4,088 90% 0.71 0.73 0.7
80% 0.68 0.70 0.71 0.77 38,408 0% 0.02 0.08 0.15 0.35 40,293 100% 0.89 0.90 0.92 0.96 16,102 90% 0.71 0.73 0.7

GRAVEL LANDSCAPE PAVEMENT ROOF

FYI: The gravel coefficients shown are higher than the coefficients listed in Table 6-6 Runoff
Coefficients for Rational Method in the DCM Vol. 1. Please note where provided coefficients are
being obtained/calculated or revise to match DCM.

2.5% 9.4 0 0.0% 10.00 0.0 0.0 9.4 300 11.7 9.4
2.5% 9.4 0 0.0% 10.00 0.0 0.0 9.4 300 11.7 9.4
3.0% 8.8 0 0.0% 10.00 0.0 0.0 8.8 300 11.7 8.8
3.0% 8.8 0 0.0% 10.00 0.0 0.0 8.8 300 11.7 8.8
3.5% 8.4 0 0.0% 10.00 0.0 0.0 8.4 300 11.7 8.4
3.0% 8.8 35 13.0% 10.00 3.6 0.2 9.0 335 11.9 9.0
3.8% 6.3 30 25.0% 10.00 5.0 0.1 6.4 193 11.1 6.4

verland flow length is 100ft for urbanized areas and 300ft for rural areas. The minimum time of concentration is 5

Final time of concentration
values do not meet minimum
values for rural areas. Per
comment in existing
conditions runoff table the
area is considered more of an
urban area.

Profile (Barbarick WTS.stsw)

Please provide stormcad layout
to help identify the location of
the storm sewers.

7,015.00

-0+50 0+00 0+50 1+00 1+50 2+00

76 Watertown Road, Suite 2D  Thom
755-16

12/1/2023
Bentley Systems, Inc.  HaestadBarbarick WTS.stsw

Please provide a legend for the linetypes shown.

et, Version 5.03 (August 2023)
INLET IN A SWALE

Inlet Type =

θ = 0.00 degrees

CDOT Type D (In Series)

Please verify inlet
type. The drainage
map shows a double
Type C area inlet.

n 5.03 (August 2023)
 IN A SWALE

Inlet Type =

θ = 0.00 degrees

CDOT Type D (In Series)

Please verify inlet
type. The drainage
map shows a double
Type C area inlet.

Verify if this page is missing.

urance Estimate Form
truction) Updated: 12/8/2022

r Station Date: December 2023 PCD File No.

 Unit
Quantity Units  Cost  Total % Complete  Remaining

CY 8.00$ = -$ -$
CY 6.00$ = -$ -$

8,606 CY 5.00$ = 43,030.00$ 43,030.00$
CY 3.50$ = -$ -$
CY 2.50$ = -$ -$

0 min CY 2.00$ = -$ -$
0.0 SY 8.00$ = -$ -$

 EROSION CONTROL (Construction and Permanent BMPs)

PROJECT INFORMATION

(with Pre-Plat Construction)

Please remove FAE from the drainage report, and provide
engineer's cost estimate.



Subject: Callout
Page Label: [2] DR-2 PROPOSED CONDITIONS
Author: Carlos
Date: 1/25/2024 2:12:30 PM
Color: 

Label inlet and type

Subject: Text Box
Page Label: [2] DR-2 PROPOSED CONDITIONS
Author: Carlos
Date: 1/25/2024 4:34:09 PM
Color: 

Provide calculations for drainage pans in the
report. Label each drainage pan.

Subject: Callout
Page Label: [2] DR-2 PROPOSED CONDITIONS
Author: Carlos
Date: 1/25/2024 3:20:04 PM
Color: 

Show and label Cliff Allen Point boundary

Subject: Callout
Page Label: [2] DR-2 PROPOSED CONDITIONS
Author: Carlos
Date: 1/25/2024 4:33:43 PM
Color: 

Provide riprap calculations in the report. And label
riprap depth, width, and thickness.

Subject: Callout
Page Label: [2] DR-2 PROPOSED CONDITIONS
Author: Carlos
Date: 1/25/2024 4:33:57 PM
Color: 

Label riprap dimensions

Subject: SW - Textbox with Arrow
Page Label: 1
Author: Glenn Reese - EPC Stormwater
Date: 1/24/2024 12:35:34 PM
Color: 

COM2346

Glenn Reese - EPC Stormwater (12)

Subject: SW - Textbox with Arrow
Page Label: 5
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 11:13:21 AM
Color: 

And with updated impervious % values.

Subject: SW - Textbox
Page Label: 14
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 12:58:03 PM
Color: 

Engineer must confirm in the Drainage Report that
the existing EDB that the site is tributary to is
functioning as intended.

More specifically: I inspected this EDB in Sept
2023. It was in need of maintenance. This
maintenance must be completed prior to
Preliminary Acceptance (PA) of this project, since
it will be utilized in the initial/interim condition as a
TSB.

Subject: SW - Highlight
Page Label: 14
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 11:23:46 AM
Color: 

The EDB is designed to release the 5-year and 
100-year on-site flows at a discharge rate of 3.2
cfs and 11.8 cfs, respectively. This is a 
reduction from the 5-year and 100-year on-site
discharge rate of 21.3 cfs and 56.7 cfs

Label inlet and type

Provide calculations for drainage pans
in the report. Label each drainage pan.

Show and label Cliff
Allen Point boundary

Provide riprap
calculations
in the report.
And label
riprap depth,
width, and
thickness.

Label riprap
dimensions

96489000 

ecember 5, 2023 

umber:  

 

COM2346

Barbarick Recycling and Refuse Tra

And with updated
impervious % values.
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Appendix E, Appendix F, and Appendix I, respectively, o

 
The Site will disturb more than 1 acre and will require a
(CDPS) General Permit for Stormwater Discharge Associ
the Colorado Department of Public Health and Environmen
 
Since the Site was previously platted, there are no associ
this time. 
 Engineer must confirm in the Drainage Report that the existing

EDB that the site is tributary to is functioning as intended.

More specifically: I inspected this EDB in Sept 2023. It was in
need of maintenance. This maintenance must be completed prior
to Preliminary Acceptance (PA) of this project, since it will be
utilized in the initial/interim condition as a TSB.

Subdivision. To maintain historic flows, all flows will be routed to the existing full spectrum EDB 
which will capture and control the release of flows from the Site.  Site drainage will be conveyed 
to the EDB via a series of swales, surface flow, and a storm sewer system. 
 
Provided in the Appendix E are hydrologic calculations utilizing the Rational Method for the 
existing and proposed conditions. Provided in Appendix F are the hydraulic calculations for the 
proposed conditions, including the proposed detention basin sizing. As previously mentioned, 
the existing drainage map and proposed drainage map can be found in Appendix I.  

SPECIFIC DETAILS 

Sub-basins P1-P6 are subject to Site improvements including the transfer building, attendant 
shelter, and entrance/exit scales. In the proposed condition flows are routed to CDOT Type C 
grated area inlets, drainage pans, or swales laid out to effectively control flows as they are 
conveyed to the existing EDB. Flows captured by the existing EDB are released via the existing 
30” CPP which conveying flows southwardly towards Sand Creek at a rate less than in the 
historic conditions from the existing FDR: “Final Drainage Report for Barbarick Subdivision, 
Portions of Lots 1, 2, and Lots 3 & 4” prepared by Matrix Design Group on June 6, 2016. 
(Existing FDR for the Barbarick Subdivision). The EDB is designed to release the 5-year and 
100-year on-site flows at a discharge rate of 3.2 cfs and 11.8 cfs, respectively. This is a 
reduction from the 5-year and 100-year on-site discharge rate of 21.3 cfs and 56.7 cfs (design 
point H3 of the historic condition) as shown in the existing FDR for the Barbarick Subdivision. 
Therefore, impact to downstream infrastructure is not anticipated and planned release rates are 
in compliance with the Existing FDR for the Barbarick Subdivision.  

All proposed storm sewer infrastructure and the existing detention facility is located within the 
private property’s boundary and will be owned and maintained by the property owner and will 
require maintenance consisting of routine inspections, removal of debris from the detention 
area, and bi-annual inspections for hydraulic performance of the basin. Refer to the DCM for 
exact maintenance criteria and for other Best Management Practices.  

The hydrologic calculations, hydraulic calculations, and Drainage Maps are included in the 
Appendix E, Appendix F, and Appendix I, respectively, of this report for reference. 

 
The Site will disturb more than 1 acre and will require a Colorado Discharge Permit System 
(CDPS) General Permit for Stormwater Discharge Associated with Construction Activities from 
the Colorado Department of Public Health and Environment (CDPHE). 
 
Since the Site was previously platted, there are no associated drainage and bridge fees due at 



Subject: SW - Textbox with Arrow
Page Label: 14
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 1:27:40 PM
Color: 

Please clarify this math more with a reference to
an appendix for example. Or provide a comparison
table here in this text (historic vs original design vs
proposed design flowrates). Because this math
does not coincide with the total flowrates shown on
PDF pg 82 below. 

Also update this paragraph per any updates to the
table on pg 82 below per my comment on that
page.

Subject: SW - Highlight
Page Label: 15
Author: Glenn Reese - EPC Stormwater
Date: 1/24/2024 11:54:07 AM
Color: 

proposed modified outlet structure restrictor plate

Subject: SW - Textbox with Arrow
Page Label: 15
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 6:37:29 AM
Color: 

Please clarify that this is the only proposed
modification to the existing EDB's outlet structure

Subject: SW - Textbox with Arrow
Page Label: 61
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 12:43:30 PM
Color: 

Note that crushed asphalt has been installed
across most or all of these basins. The County
considers crushed asphalt to be 100% impervious.
Please revise these values accordingly. And then
adjust the report discussion above with the
subsequent new Total runoff values.

Subject: SW - Rectangle
Page Label: 61
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 12:41:18 PM
Color: 

Subject: SW - Textbox with Arrow
Page Label: 66
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 1:26:08 PM
Color: 

Note that crushed asphalt has been installed
across most or all of these basins. The County
considers crushed asphalt to be 100% impervious.
Please revise these values accordingly. And then
adjust the report discussion above with the
subsequent new Total runoff values.

Subject: SW - Rectangle
Page Label: 66
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 1:26:02 PM
Color: 

Subject: SW - Textbox with Arrow
Page Label: [2] DR-2 PROPOSED CONDITIONS
Author: Glenn Reese - EPC Stormwater
Date: 1/25/2024 11:07:58 AM
Color: 

recommend riprap (or other armoring) to extend
down to the toe of the embankment to protect
against erosion.
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 from the existing FDR: “Final Drainage Report for Barbarick Subdivision, 
1, 2, and Lots 3 & 4” prepared by Matrix Design Group on June 6, 2016. 
the Barbarick Subdivision). The EDB is designed to release the 5-year and 
flows at a discharge rate of 3.2 cfs and 11.8 cfs, respectively. This is a 
 5-year and 100-year on-site discharge rate of 21.3 cfs and 56.7 cfs (design 
storic condition) as shown in the existing FDR for the Barbarick Subdivision. 
to downstream infrastructure is not anticipated and planned release rates are 
 the Existing FDR for the Barbarick Subdivision.  

m sewer infrastructure and the existing detention facility is located within the 
boundary and will be owned and maintained by the property owner and will 

nce consisting of routine inspections, removal of debris from the detention 
al inspections for hydraulic performance of the basin. Refer to the DCM for 
e criteria and for other Best Management Practices.  

alculations, hydraulic calculations, and Drainage Maps are included in the 
endix F, and Appendix I, respectively, of this report for reference. 

urb more than 1 acre and will require a Colorado Discharge Permit System 
Permit for Stormwater Discharge Associated with Construction Activities from 
artment of Public Health and Environment (CDPHE). 

s previously platted, there are no associated drainage and bridge fees due at 

Please clarify this math more with a reference to an
appendix for example. Or provide a comparison table
here in this text (historic vs original design vs proposed
design flowrates). Because this math does not coincide
with the total flowrates shown on PDF pg 82 below. 

Also update this paragraph per any updates to the table
on pg 82 below per my comment on that page.

Design Point D2 experiences a flow of 45.9 cfs (16.5cfs+
event. 
 
PROPOSED CONDITION: 
Design Point P8 experiences a flow of 41.2 cfs (11.8cfs+
event. 
 
The existing EDB will release the 5-year and 100-year 
respectively. These values are less than the historic flow 
proposed modified outlet structure restrictor plate, the flows
year storm event than that of the existing condition at de
downstream infrastructure is not anticipated and the plann
with the Existing FDR for the Barbarick Subdivision.  
 

SUMMARY 

The proposed drainage design is to maintain the historic dra
the Site.  Runoff from the Site will flow through an propose
full spectrum extended detention basin. The basin ultimat

condition. The existing FDR for the Barabrick Subdivision is provided in Appendix G. 
 
HISTORIC CONDITION:  
Design Point H3 experiences flows of 21.3 cfs and 56.7 cfs for the 5-year and 100-yea
events, respectively.  
 
EXISTION CONDITION: 
Design Point D2 experiences a flow of 45.9 cfs (16.5cfs+29.4cfsbypass) for the 100-yea
event. 
 
PROPOSED CONDITION: 
Design Point P8 experiences a flow of 41.2 cfs (11.8cfs+29.4cfsbypass) for the 100-yea
event. 
 
The existing EDB will release the 5-year and 100-year storm events at 3.2 and 1
respectively. These values are less than the historic flow rates at this design point. W
proposed modified outlet structure restrictor plate, the flows will be further controlled for t
year storm event than that of the existing condition at design point D2. Therefore, im
downstream infrastructure is not anticipated and the planned release rates are in com
with the Existing FDR for the Barbarick Subdivision.  
 

SUMMARY 

The proposed drainage design is to maintain the historic drainage patterns and release r
the Site.  Runoff from the Site will flow through an proposed storm sewer system to an 
full spectrum extended detention basin. The basin ultimately discharges to Sand Cre
drainage design presented within this report conforms to the criteria presented in b

Please clarify that this is the only proposed modification to
the existing EDB's outlet structure

2.34 77.5% 6.43 12.00
2.48 80.0% 7.34 13.56
1.14 80.0% 3.52 6.51
0.82 80.0% 2.46 4.54
0.97 75.3% 3.05 5.79

10.73 73.8% 29.46 55.96

Note that crushed asphalt has been installed across
most or all of these basins. The County considers
crushed asphalt to be 100% impervious. Please
revise these values accordingly. And then adjust the
report discussion above with the subsequent new
Total runoff values.

55.3% 0
62.1% 5
77.5% 6
80.0% 7
80.0% 3
80.0% 2
75.3% 3
73.8% 29

1.05 80.0% 3.16 5.84
1.08 80.0% 3.25 6.01
1.14 80.0% 3.52 6.51
0.82 80.0% 2.46 4.54
0.82 76.7% 2.66 5.06

10.73 75.5% 30.59 57.81

Note that crushed asphalt has been installed across
most or all of these basins. The County considers
crushed asphalt to be 100% impervious. Please
revise these values accordingly. And then adjust the
report discussion above with the subsequent new
Total runoff values.

0.14 90.0% 0.43
0.14 90.0% 0.43
1.51 76.1% 4.06
0.74 80.0% 2.20
0.44 80.0% 1.30
1.05 80.0% 3.16
1.08 80.0% 3.25
1.14 80.0% 3.52
0.82 80.0% 2.46
0.82 76.7% 2.66

10.73 75.5% 30.59

recommend riprap (or other armoring)
to extend down to the toe of the
embankment to protect against erosion.


