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EXECUTIVE SUMMARY 

This drainage report supports the design and development of the primary access for the proposed 

Glen Aspen Dam near Woodland Park, Colorado. The private access will originate from Loy Creek Road 

and traverse approximately 3.9 acres of steep, mountainous terrain to provide essential access for dam 

construction and long-term dam maintenance. The site is currently undeveloped, with minimal utility 

infrastructure and natural vegetation that includes low-lying shrubs, spruce and aspen trees, and native 

grasses typical of the region. 

 

The project spans portions of El Paso and Teller Counties and includes clearing, grading, and earthwork 

on slopes ranging from 3 percent to over 100 percent. A geotechnical investigation and Natural 

Resources Conservation Service (NRCS) Web Soil Survey identified the site’s soils as Hydraulic Soil 

Group (HSG) B, which indicates moderate runoff potential and suitable infiltration characteristics. 

Hydrologic analysis has confirmed that subcatchment boundaries will remain unchanged. An increase 

in 1.6 acres of impervious surface which is approximately a 0.36% change because of the addition of 

the gravel-surfaced primary access. Post-development drainage conditions will maintain the same 

catchment area of 441.6 acres, with consistent flow paths and slopes to the existing conditions. The 

overall peak flows changed from 63.2 cfs to 63.5 cfs. Onsite ditches and channels used the Rational 

Method for a 5-year and 100-year storm event to ensure proper sediment and erosion control. Culvert 

P-1 was incorporated into the design to maintain continuous water flow through the wetland area at the 

lower end of the project during storm events. Culvert P-2 was added to support natural drainage 

patterns and minimize erosion at the intersection of the access crossing and natural drainage channel. 

Vegetation plays a key role in the site’s erosion and sediment control strategy. All ditches will be lined 

with selected native grasses for their ability to withstand high-velocity flows in conjunction with turf 

reinforcement mat. Seed mix is described more in the SWMP, generally the mixes include a PBSI Native 

Mountain Mix. This vegetated mat will slow runoff, promote infiltration, and stabilize slopes. 

This project follows El Paso County’s Four-Step Process for receiving water protection, which 

minimizes impervious surfaces, stabilizes drainageways, and uses temporary and permanent BMPs 

such as seeding, mulching, check dams, silt fences, erosion control blankets (turf mats), vehicle 

tracking control, staging area stabilization, and inlet/outlet protection. The site is agriculturally zoned 

with less than 10% imperviousness, exempting it from WQCV per ECM Appendix I.7.1.B.5. Any runoff 

reduction using receiving pervious areas is informal and not an official permanent control measure. 

Overall, the drainage design supports environmental protection, effective stormwater management, 

and the long-term functionality of the primary access, all while preserving natural hydrologic conditions 

and minimizing impacts to the surrounding landscape and downstream infrastructure. 
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1.0 PURPOSE 

This drainage report supports the design of the primary access associated with the proposed Glen 

Aspen Dam. The primary access will originate from Loy Creek Road in Woodland Park, Colorado, and 

lead directly to the future dam site. Currently, the proposed site is untouched, with only a few existing 

off-road trail systems. 

The scope of work includes clearing, grading, and conducting the earthwork necessary to establish the 

private access through natural terrain. These improvements are intended to support future dam 

construction and facilitate access to maintain the proposed dam. 

2.0 LOCATION AND DESCRIPTION OF PROPERTY 

The project site is in the Pike National Forest region near Woodland Park, Colorado, with access via Loy 

Creek Road in El Paso County and extends partially into Teller County. Rampart Range Road borders the 

area to the northwest. The project site vicinity is shown in Figure 2-1. The project spans a few sections: 

Township 12 South, Range 68, 6th principal meridian, El Paso County section 08 SW ¼, section 17 NW 

¼, section 18 SW ¼, and Teller County section 18 NE1/4, section 18 NW ¼, and section 18 SE ¼. 

The Glen Aspen Ranch, a Scouting America camp, is located southeast of the proposed primary access. 

 

 

Figure 2-1. Project Location Vicinity Map (Not to Scale). 

The project site features a mix of low-lying shrubs, spruce and aspen trees, and shorter grasses typical 

of mountainous terrain. The topography is notably steep, with slopes ranging from relatively flat areas 

to grades exceeding 100 percent; in particular, the slopes across the site range between 20 percent 

and 50 percent. The proposed disturbance footprint is approximately 5.4 acres and because of the 

natural conditions and remote location, irrigation facilities are not applicable for this project. 
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Utility infrastructure in the area is minimal as the site is predominantly undeveloped. Near the entrance to 

the proposed primary access, several existing features were observed, including two filled-in culverts, a 

manhole, an electrical box, a well, two water valve caps, and utility poles. These utilities are not expected 

to interfere with the proposed design and have been accounted for in the site layout. Additionally, the 

existing access road and any existing culverts will not be removed or altered as a result of this project. 

2.1 SOIL CONDITIONS 
A geotechnical investigation conducted using three boreholes showed the soil conditions to have a 6-

inch organic layer, on average, followed by denser sands and gravels, with some clays near the surface 

of one of the boreholes. Based on geotechnical bore logs and the NRCS Web Soil Survey, HSG B was 

selected to describe the site soil conditions. This indicates a moderate runoff potential—on average, 

these soils drain well, with moderate infiltration rates when approximately wet (El Paso County Drainage 

Criteria Manual Volume 1). The NRCS Web Soil Survey was used to determine the site soil’s erodibility. 

The erodibility for the wetland area has a K factor of 0.32 whereas the remaining areas of the site have a 

K factor of 0.15. The higher erodibility of the wetlands is not concerning because the terrain is generally 

flat and highly vegetated. The lower erodibility of the remaining portions of the site suggest that 

overland flow will not lead to significant sheet and rill erosion. The NRCS Web Soil Survey results are 

included in Appendix A. El Paso County’s DCM Vol 1 update section 4.1 table 6-8 assigns HSG B to 

areas within Pike National Forest that predominantly comprise the Sphinx soil component (map symbol 

43). 

3.0 MAJOR AND SUB-BASINS 

3.1 FLOODPLAIN STATEMENT 
According to Federal Emergency Management Agency (FEMA) floodplain mapping, the project site is in 

Zone D, indicating that the area has an undetermined flood hazard; no flood hazard analysis has been 

conducted on the site. Colorado floodplain mapping was also checked, and the results indicate that no 

analysis has yet been conducted. This region is a mountainous area with high elevation near the 

Continental Divide of the Americas, which suggests that the area is not prone to flooding. Appendix D 

illustrates the FEMA flood map results. 

3.2 MAJOR AND SUB-BASINS 
Loy Creek is a minor tributary within the upper reaches of the South Platte River Basin, near the 

Continental Divide, and lies within the Trout Creek Drainage Basin, which has no drainage and bridge 

fees. It is an intermittent stream with highly brushy and vegetated banks. The presence of established 

vegetation indicates a stable stream with minimal active erosion. Loy Creek flows northward along Loy 

Creek Road to a culvert at Rampart Range Road. From there, it continues west along Rampart Range 

Road before diverging and flowing westward past Highway 67, ultimately terminating at Lowell Creek. 

Existing sub-basins currently have water runoff that sheet flows down the side of the mountain before 

collecting in gullies and continuing toward Loy Creek. Wetlands were delineated along Loy Creek Road, 

and the primary access entrance crosses a small portion of the wetland area, as shown in the plans. A 

36-inch reinforced concrete pipe (Culvert P-1) has been installed within the wetlands near station 

10+81 to maintain the natural flow path during rainfall events. 
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The sub-basins’ off-site drainage flow patterns will be altered only slightly. A 24-inch concrete culvert 

(Culvert P-2) will be installed where the access crosses a sub-basin to ensure runoff remains on its 

existing drainage path near station 15+86. Figure 3-1 depicts the general location of Culverts P-1 and 

P-2 for detailed information regarding the culverts refer to sheets F7 and F8 in the plans. Because this 

new access follows the top of the ridge, most of the runoff will sheet flow down the fill slopes and down 

the side of the mountain, which is similar to the existing conditions. Within cut areas and areas where 

ditching is proposed, the water runoff from the access’s surface will follow the ditch until the ditch 

daylights, which will allow the water to flow down the mountain or at least until it reaches the bottom of 

the alignment near the wetlands. 

 

 

Figure 3-1. General location of Culverts P-1 and P-2. 
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4.0 DRAINAGE DESIGN CRITERIA 
The drainage design for the proposed access was developed in accordance with the El Paso County 

DCM, Volumes 1 and 2, Engineering Criteria Manual (ECM), Colorado Department of Transportation 

(CDOT) Drainage Design Manual (DDM), and American Association of State Highway and Transportation 

Officials (AASHTO) Drainage Manual. Key references include: 

/ Hydrologic Soil Groups 

» El Paso County DCM Table 6-8: Identifies HSGs for soils in the Pike National Forest. Based 

on geotechnical bore logs and the NRCS Web Soil Survey, HSG B was selected for the site 

soil conditions. 

/ El Paso County DCM 1 9.4.2: Minimum Culvert Size 

/ El Paso County DCM 1 6.5.2: Channel Velocity Maximum  

» CDOT Section 9.2.2 also mentions “The maximum velocity at the culvert exit must be 

consistent with the velocity in the natural channel or must be mitigated with channel 

stabilization and energy dissipation. 

/ AASHTO Drainage Manual Section 11.4.6: Culvert Slopes 

» Maximum culvert slopes should not exceed 6 percent for reinforced concrete pipes. 

/ El Paso County DCM 6.2.3 Table 6-1: Allowable use of Roads and Streets 

» Depth of flow shall not exceed 6 inches from access shoulder 

/ El Paso County DCM 6.4.1 Table 6-4: Allowable Culvert Overtopping 

» Depth of flow shall not exceed 6 inches from access shoulder 

/ El Paso County DCM Vol1 Update 3.1 Table 6-6 

» Table 6-6 Runoff Coefficients for Rational Method – Forest & Offsite Flow Analysis 

/ El Paso County DCM 1 634.4: hydraulics for Manning’s Roughness Coefficient “n” 

» Reinforced Concrete Pipe (RCP): 0.013 

» Because the project area is less than 130 acres, the Rational Method was selected as an 

appropriate approach for estimating runoff, in accordance with DCM guidelines for site 

ditches, channels, and culverts—except for Culvert P-1, which was analyzed using 

computer modeling based on StreamStats data. To reduce runoff and promote infiltration, 

several runoff reduction practices were incorporated into the design, including: 

/ Maintaining natural vegetation buffers 

/ Minimizing impervious surfaces during alignment layout 

/ Constructing ditches and slopes that are grass-lined and covered with permanent turf 

reinforcement mats. 

/ Establishing erosion and sediment control BMPs (described in their respective sections) 

/ It should be mentioned that no previous drainage studies were found for this site area.  
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5.0 FOUR-STEP PROCESS 
El Paso County follows a “Four Step Process” for receiving water protection, which emphasizes 

reducing stormwater volume and implementing long-term source control strategies. This approach is 

designed to effectively manage more frequent storm events. Below is a summary of how the Four Step 

Process is applied to this project: 

/ Step 1: Mitigating runoff from impervious areas and reducing impervious areas that encourage 

infiltration into in situ soils 

» The access’s top surface is gravel rather than asphalt, which allows a slower runoff and 

better infiltration. 

» This private access is aligned in a more direct path that follows the mountainous ridge to 

reduce unnecessary impervious surfaces. 

» All slopes and ditches will be seeded so that vegetation can enhance water absorption. 

» Proposed Culvert P-2 will allow the naturally existing channel runoff to resume its existing 

path under the access top surface and encounter a vegetation buffer approximately 280’ in 

length before reaching the drainage path near Loy Creek Road. 

/ Step 2: Stabilize drainageways 

» All the proposed ditches, culverts, and slopes will be permanently stabilized using design 

elements and temporary and permanent BMPs. There are no major on-site streams, and 

much of the site consists of gullies that are active during rain events. Loy Creek is 

classified as a minor tributary. The proposed Culvert P-1 will be located along the flow path 

in the wetlands, as seen in Figure 3-1. 

» No drainage basin planning study has been conducted. 

/ Step 3: Stormwater Quality Capture Volume 

» According to the El Paso County ECM I.7.1.B.5 agriculturally zoned sites with 

imperviousness under 10%, the project is excluded from the requirements of Section I.7. 

This project will not utilize the water quality capture volume standard or full-spectrum 

detention. 

/ Step 4: BMPs for pollutants 

» Temporary and permanent BMPs will be implemented before and throughout construction 

activities to minimize erosion and capture sediment-related pollutants, primarily sands and 

fines, in accordance with the Grading and Erosion Control Plans. These measures are 

designed to prevent particulate matter from depositing into nearby waterways and 

drainage systems. Additional details regarding BMP selection, placement, and 

maintenance will be provided in the Stormwater Management Plan. BMP quantities are 

shown and discussed in Section 8.2. The BMPs to be utilized include the following: 

▪ Permanent seeding 

▪ Check dams 

▪ Vegetation buffer 

▪ Silt fences 

▪ Inlet and outlet protection 

▪ Turf Reinforcement Mat 

▪ Vehicle tracking control 

▪ Riprap apron 

▪ Rock flume 
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6.0 HYDROLOGIC METHOD 
The drainage design for the proposed access was prepared in accordance with the El Paso County 

Drainage Criteria Manual (DCM) and Engineering Criteria Manual (ECM). Design rainfall was based on a 

5-year minor storm and a 100-year major storm. Considering the project site drains less than 130 acres, 

peak runoff was estimated using the Rational Method (Q=CiA). Hydrologic computations for the project 

site were performed using the Urban Drainage and Flood Control District (UDFCD) Rational Method 

Spreadsheet v2.00, and the analysis is provided in Appendix C. Loy Creek, which crosses through 

Culvert P-1 at the bottom of the access road, is excluded from this calculation because its contributing 

basin exceeds 130 acres and includes areas outside the project limits. The analysis for Culvert P-1 

incorporated peak flow estimates obtained using USGS StreamStats and the NRCS curve number loss 

and dimensionless unit hydrograph method outlined in United States Department of Agriculture (USDA) 

Natural Resources Conservation Service (NRCS) Technical Release 55 (TR-55). 

/ Q = peak runoff (cfs) 

/ C = runoff coefficient 

/ i = rainfall intensity (inches/hour) 

/ A = drainage area (acres) 

Runoff coefficients were selected from El Paso County DCM Volume 1, Update 3.1, Table 6‑6 using the 

'Offsite Flow Analysis' criteria, specifically applicable to ditch and roadway conditions. The only 

exception was culvert P‑2, for which the 'Forest' coefficient was used, as the majority of the 

contributing drainage area consists of undeveloped mountainous terrain. Rainfall intensities were 

calculated within the UDFCD sheet using equation i = (a x P1)/(b + tc)c. Coefficients a, b, and c used 

Denver Area’s coefficients 28.5, 10, and 0.786, respectively. The parameter P1 corresponds to the 1-

hour rainfall depth. One-hour rainfall depth for each storm recurrence interval for the Woodland Park 

area was obtained from National Oceanic and Atmospheric Administration (NOAA) Atlas 14 Volume 8 

Version 2, as shown in Table 6-1. The raw output data is included in Appendix E. 

Table 6-1. One-Hour Rainfall Depths 

One-Hour Rainfall Depth, P1 (inches) 

2 yr 5 yr 10 yr 25 yr 50 yr 100 yr 500 yr 

0.76 0.98 1.18 1.49 1.75 2.04 2.80 

 

Supporting parameters and criteria were sourced from the DCM and ECM, including: 

/ El Paso ECM Section 3.2.8.E: 5-year minor and 100-year major design storm requirements 

/ El Paso ECM Section 3.2.8.F: Design Runoff Methods 

/ El Paso DCM Table 6-7: NRCS Conveyance Factor (K) 

» Used toward time of concentration 

During site visits, field engineers assessed the landscape and vegetation and determined that the 

NRCS conveyance factor from Table 6-7 is best represented by the classification “short pasture and 

lawn.” Figure 6-1 provides an example of the grassy, pasture-like vegetation observed on site. For the 



 

 RSI-3689 Final 

9 

 

 2 

 

proposed ditches, a similar grass-lined channel was identified and used as a reference. This channel 

type corresponds to a conveyance factor of 7. 

 

Inputs needed for the TR-55 method used for sub-basin M include sub-basin area, curve number, 

precipitation values, and flow path information. Sub-basin area was directly determined from the 

delineated area. A curve number representative of a woods-grass combination for good type B soils 

was determined to be an adequate representation of the overall project area. Precipitation values were 

taken from the NOAA Atlas 14 dataset. Flow path information was determined by examining 

topographic data and aerial imagery of the sub-basin. 

 

Peak flow rates, derived from either the Rational Method, StreamStats, or TR-55, for a 5-year minor and 

100-year major storm events are summarized in Table 6-2. These flows served as input for the hydraulic 

analysis discussed in the hydraulic method section. Catchment locations are shown in Appendix F. These 

areas were selected to account for sheet flow and shallow channel flow occurring within the project site, 

primarily along natural drainage paths and ditches.  
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Figure 6-1. On-Site Vegetation. 

Table 6-2. Peak Flow Rates (Q) 

Subcatchment 

Location 

Area 

(AC) 

Runoff 

Coeffient, C 

(5-year) 

Runoff 

Coeffient, C 

(100-year) 

Rainfall 

Intensity, I 

(in/hr) (5-year) 

Rainfall Intensity, 

I (in/hr) (100-

year) 

Peak Flow, Q 

(cfs) (5-year) 

Peak Flow, Q 

(cfs) (100-

year) 

Sub-basin A 0.95 0.32 0.51 2.10 4.38 0.64 2.12 

Sub-basin B 1.20 0.32 0.51 2.36 4.91 0.91 3.01 

Sub-basin C 0.15 0.32 0.51 3.21 6.69 0.16 0.53 

Sub-basin D 0.07 0.32 0.51 3.32 6.92 0.07 0.24 

Sub-basin E 0.13 0.32 0.51 3.28 6.83 0.14 0.45 

Sub-basin F 0.08 0.32 0.51 3.32 6.92 0.09 0.30 

Sub-basin G 0.08 0.32 0.51 3.30 6.88 0.08 0.28 

Sub-basin H 0.08 0.32 0.51 3.32 6.92 0.09 0.28 

Sub-basin I 0.55 0.32 0.51 2.59 5.39 0.46 1.51 

Sub-basin J 0.15 0.32 0.51 3.17 6.60 0.15 0.50 

Sub-basin K 25.9 0.08 0.35 1.63 3.40 3.49 31.8 

Sub-basin L 1.61 0.32 0.51 2.03 4.23 4.42 36.4 

Sub-basin M* 442 0.45 0.45 - - 14.8 63.2 

*Peak 5-year flow for sub-basin M (Culvert P-1) was estimated using USGS StreamStats. Peak 100-year flow for this sub-basin was estimated 

using NRCS TR-55. Both the 5-year and 100-year flows were analyzed using both the StreamStats and TR-55 methods, with the higher value 

between the two methods conservatively chosen for each event, because Culvert P-1 is located within the existing Loy Creek minor tributary. 
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In contrast, the remaining catchments consist primarily of ditches and natural mountainous channels, where localized runoff patterns are 

better represented using the Rational Method. 
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7.0 HYDRAULIC METHOD 

Hydraulic calculations for culverts and ditches were completed using the Federal Highway 

Administration’s HY-8 program and Hydraulic Toolbox. Appendix C shows the output report file from 

the programs. This software estimated ditch water flow velocities, ditch water depths during a 5-year 

minor and 100-year major storm event, overtopping estimation, and outlet and tailwater velocities. 

Supporting parameters and criteria were sourced from the El Paso DCM, ECM, and CDOT DDM and 

included the following: 

/ El Paso ECM Section 3.2.8.E: The 5-year minor and 100-year major design storm requirement 

/ El Paso ECM Section 3.2.8.F: Design Runoff Methods 

/ Due to steep longitudinal slopes, the design includes a required Turf Reinforcement Mat (TRM), 

specifically the VMAX SC250 or approved equal, which provides engineering properties for a 

roughness coefficient of 0.040 and a permissible flow velocity of 9.5 and 15 fps, for non-

vegetated and vegetated conditions, respectively. Conservatively we will use 9.5 fps for our 

analysis to assume a condition before vegetation growth. 

/ El Paso DCM Section 10.5.5: Minimum 1-ft freeboard for 5-year minor storm 

El Paso DCM Section III.6.2 Table 6-1, Type A (Local with Roadside Ditch). Major storm flow 

depth shall not exceed 6 inches above the shoulder. 

Manning’s roughness coefficient of 0.040 was chosen for ditch channels, which is appropriate for 

simulating flow through a turf reinforcement mat, using the product VMAX SC250 or approved equal. 

The proposed culverts are reinforced concrete pipes, which have a Manning’s n roughness value of 

0.013. 

All slopes and ditches will utilize turf reinforcement mats because of their superior erosion protection 

and ability to withstand higher permissible mean channel velocities. For the 5‑year design storm, a 

minimum of 1 ft of freeboard is required. For the 100‑year storm, the design allows water to rise up to 6 

in. above the shoulder elevation. 

Based on these criteria, a minimum ditch depth of 1.5 ft is needed. This depth accommodates a 

maximum 5‑year flow depth of approximately 0.5 ft while still providing the required 1 ft of freeboard 

and 2ft for the 100-year event. 

In some areas, the transition from fill slopes to natural ground creates shallow swales rather than 

defined roadside ditches. These natural features influence the access road profile, resulting in localized 

variations from the typical 1.5‑ft ditch depth. 

Table 7-1 and 7-2 show the inputs and results for the selected ditch and channel areas using Hydraulic 

Toolbox, and Table 7-3 and 7-4 shows the inputs and results for the HY-8 analysis.  
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Table 7-1. Hydraulic Toolbox Inputs and Results 5-year Minor Storm 

Location 
Side 

Slopes 
Longitudinal Slope (ft/ft) 

Manning’s 

Roughness (n) 

Enter Flow 

(cfs) 

Estimated Flow 

Depth (ft) 

Average 

Velocity (fps) 

Sub-basin A 2:1 & 2:1 0.235 0.04 0.67 0.27 4.45 

Sub-basin B 2:1 & 2:1 0.130 0.04 0.91 0.34 3.85 

Sub-basin C 2:1 & 2:1 0.150 0.04 0.16 0.17 2.63 

Sub-basin D 2:1 & 2:1 0.161 0.04 0.07 0.13 2.19 

Sub-basin E 2:1 & 2:1 0.185 0.04 0.14 0.16 2.75 

Sub-basin F *3:1 & 10:1 0.150 0.04 0.09 0.09 1.78 

Sub-basin G 2:1 & 2:1 0.138 0.04 0.08 0.14 2.14 

Sub-basin H *8:1 & 3:1 0.108 0.04 0.09 0.10 1.64 

Sub-basin I 2:1 & 1:1 0.093 0.04 0.46 0.32 2.95 

Sub-basin J 2:1 & 1:1 0.093 0.04 0.15 0.21 2.23 

Sub-basin K *2:1 & 4:1 0.149 0.04 3.49 0.47 5.26 

Sub-basin L *6:1 & 5:1 0.154 0.04 4.42 0.07 2.47 

Sub-basin M 3:1 & 3:1 0.070 0.05 14.9 0.21 2.75 

* All sub‑basins with side slopes flatter than 3:1 represent the average natural terrain slope where it intersects the access route. 

Table 7-2. Hydraulic Toolbox Inputs and Results 100-year Major Storm 

Location 
Side 

Slopes 
Longitudinal Slope (ft/ft) 

Manning’s 

Roughness (n) 

Enter Flow 

(cfs) 

Estimated Flow 

Depth (ft) 

Average 

Velocity (fps) 

Sub-basin A 2:1 & 2:1 0.235 0.04 2.23 0.43 6.01 

Sub-basin B 2:1 & 2:1 0.130 0.04 3.01 0.58 5.18 

Sub-basin C 2:1 & 2:1 0.150 0.04 0.53 0.27 3.55 

Sub-basin D 2:1 & 2:1 0.161 0.04 0.24 0.20 2.99 

Sub-basin E 2:1 & 2:1 0.185 0.04 0.45 0.25 3.68 

Sub-basin F *3:1 & 10:1 0.150 0.04 0.30 0.14 2.40 

Sub-basin G 2:1 & 2:1 0.138 0.04 0.28 0.22 2.93 

Sub-basin H *8:1 & 3:1 0.108 0.04 0.28 0.15 2.17 

Sub-basin I 2:1 & 1:1 0.093 0.04 1.51 0.50 3.97 

Sub-basin J 2:1 & 1:1 0.093 0.04 0.50 0.33 3.01 

Sub-basin K *2:1 & 4:1 0.149 0.04 31.8 1.08 9.13 

Sub-basin L *6:1 & 5:1 0.154 0.04 36.4 0.25 5.57 

Sub-basin M 3:1 & 3:1 0.070 0.05 63.5 0.50 4.76 

* All sub‑basins with side slopes flatter than 3:1 represent the average natural terrain slope where it intersects the access route. 
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Table 7-3. Federal Highway Administration’s HY-8 Inputs and Results 5-year Minor Storm 

Location 
Diameter 

(inches) 

Culvert 

Slope (ft/ft) 

Manning’s 

Roughness 

(n) 

Enter Flow 

(cfs) 

Headwater/Depth 

Ratio (HW/D) 

Outlet 

Velocity 

(fps) 

Tailwater 

Velocity (fps) 

Culvert P-1 36 0.042 0.013 14.9 0.55 11.37 3.02 

Culvert P-2 24 0.051 0.013 3.49 0.43 9.12 2.95 

Table 7-4. Federal Highway Administration’s HY-8 Inputs and Results 100-year Major Storm 

Location 
Diameter 

(inches) 

Culvert 

Slope (ft/ft) 

Manning’s 

Roughness 

(n) 

Enter Flow 

(cfs) 

Headwater/Depth 

Ratio (HW/D) 

Outlet 

Velocity 

(fps) 

Tailwater 

Velocity (fps) 

Culvert P-1 36 0.042 0.013 63.5 1.52 15.31 4.65 

Culvert P-2 24 0.051 0.013 31.8 2.30 15.62 6.37 

7.1 RIPRAP SIZING 
2019 CDOT DDM Chapter 9 section 9.2.2, mentions the outlet velocity and natural channel should be 

consistent. Because the analysis showed a significant difference between outlet and tailwater velocities 

for Culvert P-1 and Culvert P-2, riprap apron and flume are necessary and will be used as an energy 

dissipater. Below are riprap sizing calculations using FHWA HEC-14 Section 10.2. 

Culvert P-1 and P-2 are supercritical because the outlet depth is less than the critical depth. These 

values can be found in Appendix C. 

𝐷50 = 0.2𝐷′ (
𝑄

√𝑔𝐷′2.5
)

4
3

(
𝐷′

𝑇𝑊
) 

 

𝐷′ =
𝐷 + 𝑦𝑛

2
 

Table 7-5. Federal Highway Administration’s Riprap Sizing (use with 100-year major event) 

Location 
Diameter 

(inches)(D) 

Super Critical 

Depth (ft) (yn) 

Adjusted 

Diameter 

(ft) (D’) 

Outlet 

Flow 

(cfs)(Q) 

Tailwater 

Depth 

(TW) 

Gravity 

(g) 

Riprap 

D50 (in) 

Culvert P-1 36 1.43 2.22 63.5 1.20 32.2 17.3 

Culvert P-2 24 1.89 1.95 31.8 0.50 32.2 19.7 

7.2 DISCUSSION 
The project area was divided into sub-basins to allow for targeted analysis of individual components, 

ensuring that the site’s drainage features perform effectively. In general, all sub-basins are distinct and 

do not overlap; however, sub-basins K and M (associated with culvert inlets) are exceptions, as 

discussed in their respective sections. The sub-basins are discussed in detail in this section, and their 

locations on the site are shown in Appendix F. This discussion section uses the tables above from 

Hydraulic Toolbox, Hy-8, and riprap sizing analysis. For a comprehensive discussion of existing versus 

proposed drainage conditions across the site, please refer to Section 8.0 Drainage Facility Design. 
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7.2.1 SUB-BASIN A 
This 0.95-acre sub-basin is located upstream of P-2, where a steep channel is formed by the 

embankment fill condition and the existing terrain, as shown in Appendix F on the left side of the 

alignment. The drainage path consists of approximately 300 ft of overland sheet flow received from 

rainfall on the gravel road surface and the surrounding terrain, followed by approximately 330 ft of 

concentrated flow within a swale that conveys runoff from both the road and the adjacent terrain. Sub-

basin A discharges approximately 0.65 cfs during the 5‑year storm and 2.12 cfs during the 100‑year 

storm at design point DP-A into sub-basin L, which is an existing swale that conveys flow toward the 

wetlands and into sub-basin L. The calculated channel velocity for the 5-year storm event is 4.45 fps 

and for the 100-year storm event is 6.01 fps. This design is adequate for erosion and sediment control, 

meeting the permissible channel velocity of 9.5 fps specified for the turf reinforcement mat that will be 

placed within the channel confines. The exiting velocity is 6.01 fps; however, the flow is immediately 

intercepted by Culvert P‑2’s rock flume. For the 5‑year minor storm, the maximum estimated depth 

within the 1.5 ft deep ditch is 0.27 ft and satisfies the minimum 1‑ft freeboard requirement, yielding 

approximately 1.3 ft of freeboard. For the 100‑year major storm, the estimated depth of 0.43 ft within 

the ditch complies with the overtopping criterion of not exceeding 6 inches above the shoulder; the 

flow depth would need to be 2 ft to exceed this criterion. The flow in the channel created by the fill slope 

and the existing slope is supercritical flow with a max shear stress of 4 psf and 6.3 psf for 5-year and 

100-year flows respectively. The selected TRM has an unvegetated permissible shear stress of 3 psf 

and a partially vegetated shear stress of 8 psf. The BMPs installed in the channel will remain until 

vegetation is established and no erosion concerns are anticipated. 

7.2.2  SUB-BASIN B 
This 1.2‑acre sub-basin is near station 12+00 on the right side of the alignment as shown in Appendix F. 

Sub-basin B drains northeast, receiving rainfall runoff from the staging area, gravel roadway, and 

mountain side. The runoff becomes concentrated within the ditch and discharges approximately 

0.91 cfs and 3.01 cfs for the 5‑year and 100‑year storm events, respectively, near the wetlands and the 

P‑1 culvert outlet within sub-basin M, at design point DP-B. The drainage path includes approximately 

250 ft of overland sheet flow along the existing mountainous terrain, followed by 395 ft of channelized 

flow within a 1.5 ft deep ditch. The design provides adequate erosion and sediment control, meeting the 

permissible channel velocity of 9.5 fps specified for the turf reinforcement mat that will be placed within 

the channel confines. The calculated channel velocity for the 5-year storm event is 3.85 fps, and for the 

100-year storm event is 5.18 fps. The 5.18 fps speed is not a concern as the flow will be released into 

Loy Creek, which is highly vegetated with existing grasses and brush (shown in Figure 7-1), and has a 

permissible velocity of 6 fps. Because the discharge velocity is lower than the creek’s permissible 

velocity, and the flow rapidly expands and velocities reduce once the ditch meets Loy Creek, 

downstream erosion will not increase and therefore is not a hazard of the design. For the 5‑year event, 

the ditch experiences an estimated flow depth of 0.34 ft, providing approximately 1.16 ft of freeboard 

and satisfying the minimum 1 ft. For the 100‑year event, the estimated flow depth is 0.58 ft, which 

complies with the overtopping threshold. The ditch would only exceed 6 inches above the shoulder if 

flow depths reached approximately 2 ft. The flow in the channel is supercritical flow with a max shear 

stress of 2.8 psf and 4.4 psf for 5-year and 100-year flows respectively. The selected TRM has an 

unvegetated permissible shear stress of 3 psf and a partially vegetated shear stress of 8 psf. The BMPs 

installed in the channel will remain until vegetation is established and no erosion concerns are 

anticipated. 
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7.2.3 SUB-BASIN C 
This 0.15‑acre sub-basin consists of the ditch, existing undisturbed land, and the access up to the 

crown. Sub-basin C begins near station 11+00 and is on the left side of the alignment as shown in 

Appendix F. The sub-basin receives most water from the gravel roadway lane and some from the 

existing terrain. Sub-basin C discharges approximately 0.16 cfs and 0.53 cfs for the 5‑year and 

100‑year storm events, respectively, into sub-basin M at design point DP-C. The drainage path includes 

approximately 66 ft of overland sheet flow directly from the gravel roadway, followed by 271 ft of 

channelized flow. The design provides adequate erosion and sediment control, meeting the permissible 

channel velocity of 9.5 fps specified for the turf reinforcement mat that will be placed within the channel 

confines. The calculated channel velocity for the 5-year storm event is 2.63 fps, and for the 100-year 

storm event is 3.55 fps. The exiting velocity is 3.55 fps, below the permissible speed for the existing 

terrain, estimated at 5 to 6 fps because of its grassy and brushy nature, shown in Figure 7-1. During the 

5‑year event, the estimated flow depth is 0.17 ft, providing approximately 1.33 ft of freeboard and 

meeting the minimum 1 ft. During the 100‑year event, the flow depth increases to 0.27 ft, which remains 

within the allowable overtopping limit; the ditch would need to reach a depth of approximately 2 ft to 

exceed 6 inches above the shoulder. The flow in the channel is supercritical flow with a max shear 

stress of 1.6 psf and 2.6 psf for 5-year and 100-year flows respectively. The selected TRM has an 

unvegetated permissible shear stress of 3 psf and a partially vegetated shear stress of 8 psf. The BMPs 

installed in the channel will remain until vegetation is established and no erosion concerns are 

anticipated. 

7.2.4 SUB-BASIN D 
This 0.07‑acre sub-basin begins near station 22+00 and is on the right side of the alignment as shown 

in Appendix F. This sub-basin receives rainfall runoff from both the gravel roadway and the adjacent 

ditch area, and ultimately discharges 0.07 cfs and 0.24 cfs for the 5-year and 100-year events 

respectively, into sub-basin K at design point DP-D. The runoff initially travels approximately 81 ft as 

overland sheet flow from the access before entering the ditch and continuing for approximately 154 ft 

as channelized flow. The flow direction is generally to the northeast. The ditch design provides 

adequate erosion and sediment control, meeting the permissible channel velocity of 9.5 fps for the 

selected turf reinforcement mat that will be placed within the channel confines. The calculated channel 

velocities are 2.19 fps for the 5‑year event and 2.99 fps for the 100‑year event. At the design point, the 

exiting velocity remains under the estimated permissible range of 5 to 6 fps for the existing vegetated 

terrain, shown in Figure 7‑1, indicating no erosion concerns. Therefore, although turf reinforcement mat 

is required to armor the channel, additional protection at the channel outfall is not warranted. The 5-

year minor storm estimated flow depth is 0.13-ft with a 1.37 ft freeboard depth satisfying the minimum 

requirement of 1-ft freeboard. The 100‑year major storm results in an estimated flow depth of 0.20 ft, 

below the threshold for overtopping. The ditch would need to reach approximately 2 ft of depth to 

exceed 6 inches above the shoulder. The flow in the channel is supercritical flow with a max shear 

stress of 1.3 psf and 2.0 psf for 5-year and 100-year flows respectively. The selected TRM has an 

unvegetated permissible shear stress of 3 psf and a partially vegetated shear stress of 8 psf. The BMPs 

installed in the channel will remain until vegetation is established and no erosion concerns are 

anticipated. 
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7.2.5 SUB-BASIN E 
This 0.13‑acre area is near station 22+00 and is on the left side of the alignment as shown in Appendix 

F. Sub-basin E receives rainfall runoff from both the gravel roadway and the adjacent ditch and 

discharges approximately 0.14 cfs during the 5‑year storm and 0.45 cfs during the 100‑year storm into 

sub-basin M at design point DP-E. The drainage path flows to the northeast, consisting of 

approximately 76 ft of overland sheet flow from the gravel roadway, followed by approximately 260 ft of 

channelized flow through the ditch. The design provides adequate erosion and sediment control, 

meeting the permissible channel velocity of 9.5 fps specified for the turf reinforcement mat that will be 

placed within the channel confines. The calculated channel velocity for the 5-year storm event is 2.75 

fps, and for the 100-year storm event is 3.68 fps. The 3.68 fps exiting velocity is below the estimated 

existing terrain permissible speed of 5 to 6 fps. Therefore, although turf reinforcement mat is required 

to armor the channel, additional protection at the channel outfall is not warranted. The estimated flow 

depth for the 5‑year minor storm is 0.16 ft, providing approximately 1.34 ft of freeboard, which exceeds 

the minimum 1‑ft freeboard. During the 100‑year major storm, the estimated flow depth increases to 

0.25 ft, which remains within acceptable overtopping criteria, as it does not surpass 6 inches above the 

shoulder. The ditch would need to reach a depth of approximately 2 ft for flow to exceed the 6‑inch 

shoulder threshold. The flow in the channel is supercritical flow with a max shear stress of 1.8 psf and 

2.9 psf for 5-year and 100-year flows respectively. The selected TRM has an unvegetated permissible 

shear stress of 3 psf and a partially vegetated shear stress of 8 psf. The BMPs installed in the channel 

will remain until vegetation is established and no erosion concerns are anticipated. 

7.2.6 SUB-BASIN F 
The 0.08‑acre sub-basin is near station 26+00 on the left side of the alignment as shown in Appendix F. 

It is formed by natural terrain sloping toward the fill embankment, directing flow northeast. The sub-

basin receives rainfall runoff from the gravel access surface and the adjacent sloped terrain, which 

travels approximately 40 ft as overland sheet flow before concentrating into approximately 200 ft of 

channelized flow within the swale. This runoff discharges into sub-basin M at design point DP-F, 

contributing approximately 0.09 cfs during the 5‑year storm and 0.30 cfs during the 100‑year storm. 

The design provides adequate erosion and sediment control, meeting the permissible channel velocity 

of 9.5 fps specified for the turf reinforcement mat that will be placed within the channel confines. The 

calculated channel velocity for the 5-year storm event is 1.78 fps, and for the 100-year storm event is 

2.40 fps. The velocity is below the permissible speed of the existing terrain, estimated to be around 5 to 

6 fps based on the existing vegetation as shown in Figure 7-1. Therefore, although turf reinforcement 

mat is required to armor the channel, additional protection at the channel outfall is not warranted. The 

estimated flow depth for the 5‑year minor storm is 0.09 ft, providing approximately 1.41 ft of freeboard 

and exceeding the minimum 1 ft requirement. The 100‑year major storm is estimated to produce a flow 

depth of 0.14 ft, which meets overtopping criteria, as it remains below the 6‑inch threshold above the 

shoulder. A flow depth of approximately 2 ft would be required to exceed the 6‑inch limit. The flow in the 

channel created by the fill slope and the existing slope is supercritical flow with a max shear stress of 

0.8 psf and 1.3 psf for 5-year and 100-year flows respectively. The selected TRM has an unvegetated 

permissible shear stress of 3 psf and a partially vegetated shear stress of 8 psf. The shear stress values 

being below the permissible value for the TRM do not bring up erosion concerns. 
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7.2.7 SUB-BASIN G 
This 0.08 acre sub-basin is near station 30+00 on the left side of the alignment as shown in Appendix F. 

The sub-basin receives rainfall runoff from the gravel access and adjacent ditch. It goes from a swale 

into a ditch, as the natural terrain slopes toward the fill embankment in the beginning of the basin. This 

sub-basin discharges runoff to sub-basin M at design point DP-G at approximately 0.08 cfs for the 

5‑year storm and 0.28 cfs for the 100‑year storm, with flow directed to the northeast. The drainage path 

flows northeast and includes approximately 84 ft of overland sheet flow from the gravel roadway, 

followed by 110 ft of channelized flow along the ditch. The design provides adequate erosion and 

sediment control, meeting the permissible channel velocity of 9.5 fps specified for the turf 

reinforcement mat that will be placed within the channel confines. The calculated channel velocity for 

the 5-year storm event is 2.14 fps, and for the 100-year storm event is 2.93 fps. Once the flow 

discharges onto the natural terrain, the resulting velocities remain below the permissible limits. 

Therefore, although turf reinforcement mat is required to armor the channel, additional protection at the 

channel outfall is not warranted. The 5-year minor storm estimated flow is 0.14-ft, which satisfies the 

minimum requirement of 1-ft freeboard, as there would be 1.36-ft of freeboard. The 100-year major 

storm meets the overtopping criteria, as it has an estimated flow depth of 0.22-ft, which does not 

exceed 6 inches above the shoulder. A flow depth of approximately 2 ft would be required to exceed 

the 6‑inch limit. The flow in the channel is supercritical flow with a max shear stress of 1.2 psf and 1.9 

psf for 5-year and 100-year flows respectively. The selected TRM has an unvegetated permissible 

shear stress of 3 psf and a partially vegetated shear stress of 8 psf. The BMPs installed in the channel 

will remain until vegetation is established and no erosion concerns are anticipated. 

7.2.8 SUB-BASIN H 
This 0.08‑acre sub-basin is near station 33+00 and is on the right side of the alignment as shown in 

Appendix F. The natural terrain slopes toward the fill embankment. The sub-basin receives runoff from 

the gravel roadway and adjacent ditch. The drainage path flows northeast and includes approximately 

42 ft of overland sheet flow from the gravel surface, followed by 146 ft of channelized flow within the 

ditch. This sub-basin discharges into sub-basin K at design point DP-H, contributing approximately 

0.09 cfs for the 5‑year storm and 0.28 cfs for the 100‑year storm. The design provides adequate 

erosion and sediment control, meeting the permissible channel velocity of 9.5 fps specified for the turf 

reinforcement mat that will be placed within the channel confines. The calculated channel velocity for 

the 5-year storm event is 1.64 fps, and for the 100-year storm event is 2.17 fps. The exiting flow 

velocity of 2.17 fps is below the permissible range of 5 to 6 fps for the existing vegetated terrain. 

Therefore, although turf reinforcement mat is required to armor the channel, additional protection at the 

channel outfall is not warranted. The 5-year minor storm has an estimated flow depth of 0.10-ft, with a 

freeboard of 1.40-ft, which satisfies the minimum requirement of 1-ft freeboard. The 100-year major 

storm has an estimated flow depth of 0.15, which meets the overtopping criteria, as it does not exceed 

6 inches above the shoulder. A flow depth of approximately 2 ft would be required to exceed the 6‑inch 

limit. The flow in the channel created by the fill slope and the existing slope is supercritical flow with a 

max shear stress of 0.7 psf and 1.0 psf for 5-year and 100-year flows respectively. The selected TRM 

has an unvegetated permissible shear stress of 3 psf and a partially vegetated shear stress of 8 psf. 

The shear stress values being below the permissible value for the TRM do not bring up erosion 

concerns. 
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7.2.9 SUB-BASIN I 
This 0.55‑acre sub-basin is situated before and within the turnaround area near station 35+00 and is on 

the left side of the alignment as depicted in Appendix F. Near station 35+00 the access has a high point, 

which allows this sub-basin to drain south as opposed to the other sub-basins. The sub-basin receives 

rainfall runoff from the gravel surface, ditch area, and the existing terrain sloped toward the access. The 

drainage path flows southeast and includes approximately 81 ft of overland sheet flow, received from 

the gravel roadway, followed by 411 ft of channelized flow. This sub-basin discharges into sub-basin M 

at design point DP-I, contributing approximately 0.46 cfs for the 5‑year storm and 1.51 cfs for the 

100‑year storm. The design provides adequate erosion and sediment control, meeting the permissible 

channel velocity of 9.5 fps specified for the turf reinforcement mat that will be placed within the channel 

confines. The calculated channel velocity for the 5-year storm event is 2.95 fps, and for the 100-year 

storm event is 3.97 fps. The exiting flow velocity is below the existing terrain’s permissible speed, 

estimated around 5 to 6 fps, due to the existing vegetation; as such, increased erosion is not a concern. 

Therefore, although turf reinforcement mat is required to armor the channel, additional protection at the 

channel outfall is not warranted. The 5-year minor storm estimated flow is 0.32-ft with a freeboard of 

approximately 1.18 ft, which satisfies the minimum requirement of 1-ft freeboard. The 100-year major 

storm estimated flow depth is 0.50-ft, which meets the overtopping criteria, as it does not exceed 6 

inches above the shoulder. A flow depth of approximately 2 ft would be required to exceed the 6‑inch 

limit. The flow in the channel is supercritical flow with a max shear stress of 1.9 psf and 2.9 psf for 5-year 

and 100-year flows respectively. The selected TRM has an unvegetated permissible shear stress of 3 

psf and a partially vegetated shear stress of 8 psf. The BMPs installed in the channel will remain until 

vegetation is established and no erosion concerns are anticipated. 

7.2.10 SUB-BASIN J 
This 0.15‑acre sub-basin lies near the project terminus on the south side, opposite the access route 

and across from the turnaround at station 36+00 as depicted in Appendix F. This sub-basin receives 

runoff from the gravel surface and adjacent ditch area and discharges approximately 0.15 cfs during 

the 5‑year storm and 0.50 cfs during the 100‑year storm into sub-basin M at design point DP-J. The 

drainage path flows southeast and includes approximately 68 ft of overland sheet flow, followed by 228 

ft of channelized flow. The design provides adequate erosion and sediment control, meeting the 

permissible channel velocity of 9.5 fps specified for the turf reinforcement mat that will be placed within 

the channel confines. The calculated channel velocity for the 5-year storm event is 2.23 fps, and for the 

100-year storm event is 3.01 fps. The exiting flow velocity is less than the allowable velocity for the 

existing vegetated terrain, estimated to be 5 to 6 fps; as such, these flows will not cause erosion issues. 

Therefore, although turf reinforcement mat is required to armor the channel, additional protection at the 

channel outfall is not warranted. The 5-year minor storm’s estimated flow depth is 0.21-ft with 1.28-ft of 

freeboard, which satisfies the minimum requirement of 1-ft freeboard. The 100-year major storm 

estimate flow depth is 0.33-ft, which meets the overtopping criteria, as it does not exceed 6 inches 

above the shoulder. A flow depth of approximately 2 ft would be required to exceed 6‑inches above the 

shoulder. The flow in the channel is supercritical flow with a max shear stress of 1.9 psf and 2.9 psf for 

5-year and 100-year flows respectively. The selected TRM has an unvegetated permissible shear stress 

of 3 psf and a partially vegetated shear stress of 8 psf. The BMPs installed in the channel will remain 

until vegetation is established and no erosion concerns are anticipated. 
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7.2.11 SUB-BASIN K 
This basin is 25.85 acres and is bordered by the crown of the access on the south, the ridge near 

station 36+00 on the west, the top of the ridge on the north, delineated on the east perpendicular to the 

slope at the inlet of culvert P-2. The basin is mostly comprised of undisturbed forest land within a small 

valley. The majority of runoff entering this basin originates from the adjacent mountainside, with 

additional contributions from the gravel roadway surface to the right of the proposed alignment. Sub-

basins D and H contribute runoff to sub-basin K, but lie entirely within sub-basin K. Sub-basin K was 

analyzed in its entirety. Sub-basins D and H were analyzed separately to ensure the newly formed 

concentrated flows did not have adverse effects. The drainage path flows northeast and includes 

approximately 300 ft of overland sheet flow, followed by 1933 ft of channelized flow discharging into 

the inlet structure for culvert P-2 at design point DP-K. The 5-year and 100-year flow rates are 3.49 cfs 

and 31.8 cfs respectively. The inlet structure is a reinforced concrete headwall with wingwalls and an 

apron to direct flow into the culvert and mitigate erosion caused by approach velocities. The approach 

velocities are 5.25 fps for the 5-year storm and 9.13 fps for the 100-year storm at the channel 

immediately upstream of the inlet. The wingwall elevation is set at El. 8916’, which is higher than the 

anticipated headwater elevation of El. 8914.85’, ensuring that all flow is directed into Culvert P‑2. 

Culvert P-2 is a 24-inch diameter reinforced concrete pipe 83 ft long, and placed at the bottom of the 

valley of sub-basin K to maintain the existing flow path across the access. Details for the culvert, 

headwall and wingwall design are provided in the plans. The embankment height is approximately 14 ft 

from the culvert inlet to the top of the gravel surface; therefore, the estimated 100-year flow depth of 

1.08 ft and headwater depth of 4.59 ft, do not present a concern for overtopping. The culvert is set at 

less than 6 percent grade, which represents the maximum slope recommended by the AASHTO 

Drainage Manual. HY-8 modeling indicates outlet velocities of 9.12 fps for the 5-year storm and 15.6 fps 

for the 100-year storm, while tailwater velocities are 2.95 fps and 6.37 fps, respectively. Given the 

culvert’s location along the embankment foreslope and the substantial difference between outlet and 

tailwater velocities, an energy dissipation measure is necessary to prevent erosion. A riprap flume is 

recommended for this purpose. Based on FHWA riprap sizing analysis shown in Section 7.1, a minimum 

D50 of 19.7 inches is required for the flume design, in this case the riprap was upsized to D50=24”. It’s 

necessary to have a 4-ft thickness of the D50=24”. A second 12-inch thick layer using D50=6” will be 

underneath the 24-inch riprap to protect the geotextile from sharp edges of the large riprap. The 

location for sub-basin K and its components are shown in Appendix F. Most of the flow in the channel is 

on undisturbed land and not considered in the erosion consideration. The flow in the channel formed by 

the fill slope and the existing ground is supercritical flow with a max shear stress of 1.7 psf and 5.9 psf 

for 5-year and 100-year flows respectively. This channel is designed to be a trapezoidal channel with a 

4 ft flat bottom to disperse flow as opposed to the other channels that are triangular. The selected TRM 

has an unvegetated permissible shear stress of 3 psf and a partially vegetated shear stress of 8 psf. 

The BMPs installed in the channel will remain until vegetation is established and no erosion concerns 

are anticipated. 

7.2.12 SUB-BASIN L 
Sub-basin L delineates the drainage area for the swale that outlets culvert P-2 and drains into Loy 

Creek. This basin also receives all flow leaving sub-basin A. Sub-basin L is 1.6 acres, and the rational 

method was therefore used for determining runoff values. Overall peak flow values were determined by 

adding these runoff values to P-2 and sub-basin A outlet flow rates. This basin discharges 

approximately 4.42 cfs during the 5-year storm event, and 36.4 cfs during the 100-year event into Loy 
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Creek at design point DP-L. The drainage path flows northeast, beginning with 300 ft of overland flow 

before transitioning into approximately 520 ft of channelized flow. The 5-year event has a typical flow 

depth of less than 1 inch and a velocity of 2.47 fps, and the 100-year event’s flow depth is 

approximately 0.25 ft with a velocity of 5.57 fps. These small depths follow freeboard and overtopping 

requirements. The velocities do not pose an erosion concern because they fall below the permissible 

velocity for this terrain of 6 fps. Therefore, the swale within sub-basin L provides adequate conveyance 

to Loy Creek. The flow in the swale is supercritical flow with a max shear stress of 0.7 psf and 2.4 psf for 

5-year and 100-year flows respectively. The swale is existing and well vegetated with flows similar to 

the existing flow regime and no erosion concerns are expected. 

7.2.13 SUB-BASIN M 
Sub-basin M represents the full project drainage area, totaling 441.6 acres and incorporating sub-

basins A through L which contribute to sub-basin M. Runoff is received from Loy Creek, the gravel road 

surface, roadside ditches associated with the proposed roadway, and the surrounding mountainous 

slopes. The sub-basin generally drains northward and discharges back into Loy Creek. The design point 

DP-M for sub-basin M was established at the outlet of the proposed 36‑inch diameter, 56 ft long 

reinforced concrete pipe, culvert P‑1. This culvert will maintain the natural flow path of Loy Creek as it 

crosses the primary site access, as illustrated in Appendix F. Because the total drainage area exceeds 

the 130‑acre applicability limit of the Rational Method, USGS StreamStats and the method outlined in 

NRCS TR-55 were used to determine the design discharge for sub-basin M. Each method was run for 

both the 5-year and 100-year flow, and the higher value between the two methods was conservatively 

chosen. For the 5-year flow, the result from StreamStats was chosen; for the 100-year flow, the result 

from TR-55 was chosen. Based on this analysis, and the additional impervious area of the site, the 

design flow through the culvert is 14.9 cfs for the 5-year storm event and 63.5 cfs for the 100-year 

storm event. See Section 8.2 to see the developed drainage conditions. HY-8 modeling indicates outlet 

velocities of 11.37 fps and 15.31 fps for the 5-year and 100-year storms, respectively, while tailwater 

velocities are 3.02 fps and 4.65 fps. According to CDOT DDM (2019), Chapter 9, Section 9.2.2, outlet 

velocity should be consistent with the natural channel velocity. The substantial difference between 

outlet and tailwater velocities indicates the need for an energy dissipation measure, such as a riprap 

apron. Based on FHWA riprap sizing analysis, a minimum D50 of 17.3 inches is recommended for the 

apron design; riprap was upsized to D50=18”. After passing over the riprap, tailwater velocity slows to 

4.65 fps, significantly lower than the permissible velocity for the downstream channel because of the 

dense vegetation and stable natural terrain. Therefore, the reduced velocity will not pose an erosion 

concern. 

 

Culvert P-1 is shown to have adequate inlet velocities for the 5-year, 2.75 fps, and 100-year, 4.77 fps, 

and does not warrant permanent inlet protection. It’s noted that a Mannings roughness of 0.05 was 

used from El Paso DCM 1 III.10 Table 10-2 which is best described as a channel that is not maintained, 

weeds and uncut brush. An example field photo can be shown below in Figure 7-1. This basin’s channel 

is Loy Creek with supercritical flow and the calculated shear stress at the P-2 outlet is 0.9 psf and 2.2 

psf. Loy Creek is a stable creek with heavy vegetation with no erosion concerns. 
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7.2.14 LOY CREEK 
Loy Creek is an intermittent creek that originates in the eastern portion of the existing basin and flows 

west near Loy Creek Road and turns north and is on the western side of Loy Creek Road. Loy Creek is 

adjacent to the road until it enters a culvert and crosses Rampart Range Road where it turns west and is 

not easily discernable. It follows Rampart Range Road but continues west where the road goes to the 

southwest. At some point Loy Creek joins Lovell Gulch and ultimately ends up in Trout Creek. 

 

The portion of Loy Creek that is the subject of this report is the section that is adjacent to Loy Creek 

Road. Loy Creek in this area is heavily vegetated. The creek is dominated by mountain willow (Salix 

monticola) with less amounts of water sedge (Carex aquatilis), marsh bluegrass (Poa leptocoma), and 

cow parsnip (Heracleum maximum). The stream is stable and where there is a visible stream flow the 

channel is approximately 1-1.5 ft wide with 2-3 inches of water, and has a gravel bottom with heavily 

grassed banks. 

 

The lack of a visible stream channel downstream near Rampart Range Road suggests that much of the 

flow from the creek goes underground between the proposed access and Rampart Range Road. The 

proposed development will add 0.3 cfs amount of flow to the existing flow of 63.2 cfs during the 100-

year storm which is a negligible increase and no further stabilization is warranted. Loy Creek’s condition 

upstream and downstream suggests that the proposed development will have a negligible impact on 

the creek’s stability. 

 

This report details the development of a primary access across Loy Creek where no existing access 

exists. As part of the same construction contract, but not included in the scope of this report, is the 

construction of an access to an adjacent parcel to the South owned by the same entity. This access will 

be approximately 1,850 ft south of the primary access. This was initially to widen an existing access for 

the property owner. The existing access was elected to remain in place and be decommissioned for 

vehicle access because it has a small bridge with historical significance, and the new access will be 

installed adjacent to the existing. 

 

 

Figure 7-1. Field Photo of Loy Creek South of Primary Access 
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8.0 DRAINAGE FACILITY DESIGN 

This report evaluates drainage conditions for the project site before and after installation of the 

proposed primary access. The analysis compares existing undeveloped conditions with post-

development conditions to determine changes in impervious surface area and potential impacts on 

watershed hydrology. Design considerations for maintaining natural drainage patterns are also 

discussed. 

8.1 EXISTING DRAINAGE CONDITIONS 
The project site is currently undeveloped, except for the paved Loy Creek Road, which is considered 

100% impervious. Surrounding mountainous and forested slopes are classified as 0% impervious, 

consistent with El Paso County DCM Table 5-1 for Undeveloped Areas – Forest. 

StreamStats delineated the contributing watershed for the existing conditions as approximately 441.6 

acres, representing the entire outfall drainage basin of the project site. Existing drainage patterns follow 

natural flow paths toward the outfall location. Figure found in Appendix F. 

8.2 DEVELOPED DRAINAGE CONDITIONS 
The proposed primary access road will be gravel and is conservatively considered impervious for this 

analysis. The design preserves existing drainage patterns by aligning closely with natural flow paths. 

Culverts will be installed where natural channels intersect the access road to maintain uninterrupted 

flow downstream. 

Post‑development conditions maintain the same outfall sub-basin area of 441.6 acres for sub-basin M 

(Appendix F), and StreamStats and TR-55 were again used for peak‑flow estimation because the 

drainage area exceeds the 130‑acre applicability limit of the Rational Method. The only change is the 

addition of approximately 1.6 acres of impervious surface from the access road, increasing the overall 

imperviousness by 0.36%. Table 8-1 summarizes peak-flow estimates for existing and proposed 

conditions at the outlet of culvert P-1 and shown in Appendix F as DP-M. The developed site will 

incorporate many sediment and erosion control measures dictated in the erosion control plan section. 

Table 8-1. Existing and Proposed Peak Flows at P-1 

Subcatchment Area (AC) 
Additional 

Imperviousness (%) 

Peak Flow, Q 

(cfs) 5-year 

Peak Flow, Q 

(cfs) 100-year 

Existing 441.6 N/A 14.8 63.2 

Proposed 441.6 0.36 14.9 63.5 
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9.0 EROSION CONTROL PLAN 
Temporary and permanent erosion control measures are essential for both environmental protection 

and site stability. All proposed ditches are lined with grass and turf reinforcement mats to reduce runoff 

velocities, thereby minimizing erosion potential. 

During construction but before vegetation establishment, temporary erosion control BMPs will be 

deployed. These BMPs are detailed on the Grading and Erosion Control Plans and include the following: 

/ Permanent seeding 

/ Check dams 

/ Vegetation buffer 

/ Silt fences 

/ Inlet and outlet protection 

/ Turf Reinforcement Mat 

/ Vehicle tracking control 

/ Riprap apron 

/ Rock flume 

These measures are designed to control sediment transport, reduce flow velocities, and protect 

downstream resources. 

 

Temporary inlet protections will be at all culverts, permanent turf reinforcement mats will be installed 

along all project site slope limits and ditches, and permanent seeding and mulching to stabilize 

disturbed areas. Check dams will be installed within the ditch to slow water flow and capture sediment 

during construction but will be removed once construction has ended. Silt fences will be placed along 

the outer boundaries of the fill slopes to prevent sediment migration, and pre-fabricated vehicle 

tracking control pads, will be constructed to reduce debris from entering the existing Loy Creek 

roadway. Based on the minimal increase in imperviousness associated with the proposed access and 

the negligible change in off‑site discharge, detention sediment basins are not warranted. Table 9-1 

outlines the estimated quantities and total costs associated with these BMPs. 
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Table 9-1. Erosion Control Estimate 

Description Quantity Units 
Unit Cost 

($) 

Total 

($) 

Turf Reinforcement Mat 10,020 
Square 

Yards 
7 70,140 

Permanent Seeding and Mulching 2.4 Acre 2,169 4,888.80 

Rock Check Dam 59 Each 908 53,572 

Silt Fence 4,550 
Linear 

Ft 
3 13,650 

Straw Wattle/Rock Sock 540 
Linear 

Ft 
11 5,940 

Pre-Fab Vehicle Tracking Control 24 Each 3,840 92,160 

Geotextile (Separator)(Class 1) 85 
Square 

Yards 
17.00 1445 

Riprap, d50 size from 6” to 24” 189 Ton 102 21,216 

 

10.0 WATER QUALITY 
The site is located on land that is zoned as agricultural in the northwestern corner of El Paso County, but 

the site also partially extends into Teller County. The project is a private access to facilitate 

maintenance to a future dam. The project is located within an area zoned as agricultural and is excluded 

from Section I.7 of the ECM. The exclusion only applies to the Permanent Control Measure (PCM) and 

Water Quality Control Volume. Any runoff reduction using receiving pervious areas is informal and not 

an official permanent control measure.  



 

 RSI-3689 Final 

26 

 

 2 

 

11.0 CONCLUSIONS 
This drainage report supports the design and development of the primary access for the proposed 

Glen Aspen Dam near Woodland Park, Colorado. The private access will provide essential access for 

future dam construction and ongoing dam maintenance, traversing largely undeveloped terrain with 

minimal existing infrastructure. The proposed improvements, which include clearing, grading, and 

earthwork, have been carefully evaluated to ensure minimal impact on the existing drainage patterns. 

While the sub-basin boundaries remain unchanged, the impervious surface area has only slightly 

increased from the gravel surface. Pre-and post-drainage conditions are shown in Figure 11-1. 

All ditches will be lined with turf reinforcement mats, which meets erosion and sediment control 

standards for the site’s conditions. Culvert P-2 has been designed to maintain natural drainage flow 

across the access and will include a concrete headwall at the inlet and a rock flume at the outlet to 

mitigate high outlet velocities and prevent erosion. A minimum ditch depth of 1.5 ft has been 

determined to be sufficient for managing runoff from a 5-year minor storm and 100-year major storm 

event across the site. 

 

Temporary and permanent best management practices (BMPs) will be implemented before and during 

construction to further control sediment transport and potential pollutant runoff. Based on the limited 

increase in impervious area, maintenance of pre-development drainage patterns, and incorporation of 

erosion control and energy dissipation measures, runoff rates, flow paths, and discharge locations will 

remain consistent with existing conditions. As a result, downstream and surrounding properties will not 

be adversely affected by the proposed development. 

 

Overall, the drainage design ensures that stormwater is effectively managed and that pollutants are 

contained within the site, supporting both environmental protection and long-term infrastructure 

integrity. 

 

 

Figure 11-1. Existing & Developed Drainage Condition Catchment Sub-basin. 
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APPENDIX A  
National Cooperative Soil Survey Map 
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APPENDIX B  
Design Tables 

 

 

 



 

 RSI-3689  DRAFT 

B-1 

 

 2 

 

 

 

 

 

 

 



 

 RSI-3689  DRAFT 

B-2 

 

 2 

 

 



 

 RSI-3689  DRAFT 

B-3 

 

 2 

 

 

 

 



 

 RSI-3689  DRAFT 

B-4 

 

 2 

 

 

 

 



 

 RSI-3689  DRAFT 

B-5 

 

 2 

 

 

 

 

 
 

 

 



 

 RSI-3689  DRAFT 

B-6 

 

 2 

 

 

 

 

Turf Reinforcement Mat (VMAX SC250 ) Product Properties 
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APPENDIX C  
Calculations 

 

 

 



Designer:

Company: 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Date: 1-hour rainfall depth, P1 (in) = 0.76 0.98 1.18 1.49 1.75 2.04 2.80

Project: a b c

Location: Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Overland 

Flow Length

Li (ft)

U/S Elevation

(ft)

(Optional)

D/S Elevation

(ft)

(Optional)

Overland 

Flow Slope

Si (ft/ft)

Overland 

Flow Time

ti (min)

Channelized 

Flow Length

Lt (ft)

U/S Elevation

(ft)

(Optional)

D/S Elevation

(ft)

(Optional)

Channelized 

Flow Slope

St (ft/ft)

NRCS 

Conveyance 

Factor K

Channelized 

Flow Velocity

Vt (ft/sec)

Channelized 

Flow Time

tt (min)

Computed

tc (min)

Regional

tc (min)

Selected

tc (min)
2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

0.09 0.10 0.17 0.34 0.41 0.49 0.59 13.55 15.17 15.17 1.73 2.21 2.66 3.36 3.95 4.61 6.32 0.14 0.22 0.44 1.09 1.53 2.16 3.54

0.26 0.32 0.38 0.44 0.48 0.51 10.61 12.24 0.43 0.67 0.96 1.41 1.80 2.23

0.05 0.07 0.13 0.31 0.38 0.47 0.57 10.58 13.20 13.20 1.84 2.36 2.84 3.59 4.21 4.91 6.74 0.12 0.18 0.45 1.32 1.92 2.77 4.61

0.26 0.32 0.38 0.44 0.48 0.51 7.97 10.59 0.57 0.91 1.30 1.89 2.43 3.01

0.37 0.40 0.46 0.56 0.61 0.66 0.72 3.98 5.64 5.64 2.51 3.21 3.87 4.89 5.74 6.69 9.19 0.14 0.20 0.27 0.42 0.54 0.68 1.02

0.26 0.32 0.38 0.44 0.48 0.51 4.44 6.11 0.10 0.16 0.23 0.33 0.42 0.53

0.49 0.52 0.57 0.65 0.68 0.72 0.77 3.53 4.44 5.00 2.59 3.32 4.00 5.05 5.94 6.92 9.50 0.09 0.12 0.15 0.22 0.28 0.34 0.50

0.26 0.32 0.38 0.44 0.48 0.51 4.76 5.67 0.05 0.07 0.10 0.15 0.19 0.24

0.44 0.47 0.52 0.61 0.65 0.69 0.75 3.82 5.26 5.26 2.56 3.28 3.95 4.99 5.86 6.83 9.37 0.14 0.20 0.27 0.39 0.49 0.61 0.91

0.26 0.32 0.38 0.44 0.48 0.51 4.71 6.15 0.09 0.14 0.20 0.29 0.37 0.45

0.42 0.45 0.50 0.60 0.64 0.68 0.74 3.05 4.28 5.00 2.59 3.32 4.00 5.05 5.94 6.92 9.50 0.09 0.13 0.17 0.25 0.32 0.40 0.59

0.26 0.32 0.38 0.44 0.48 0.51 3.67 4.90 0.06 0.09 0.13 0.19 0.24 0.30

Sub-basin G 0.08 B 59.8 0.46 0.49 0.54 0.62 0.66 0.70 0.75 83.75 0.124 4.39 110.00 0.138 7 5.10 5.10 2.58 3.30 3.98 5.03 5.91 6.88 9.45 0.09 0.13 0.17 0.25 0.31 0.39 0.57

0.26 0.32 0.38 0.44 0.48 0.51 5.62 6.32 0.05 0.08 0.12 0.18 0.23 0.28

Sub-basin H 0.08 B 48.7 0.36 0.39 0.45 0.55 0.60 0.65 0.71 41.70 0.119 3.65 145.60 0.108 7 4.71 5.00 2.59 3.32 4.00 5.05 5.94 6.92 9.50 0.07 0.10 0.14 0.22 0.28 0.36 0.54

0.26 0.32 0.38 0.44 0.48 0.51 4.02 5.08 0.05 0.09 0.12 0.18 0.23 0.28

Sub-basin I 0.55 B 25.8 0.17 0.20 0.27 0.41 0.47 0.55 0.63 81.00 0.080 7.40 411.00 0.093 7 10.60 10.60 2.02 2.59 3.12 3.94 4.63 5.39 7.40 0.19 0.28 0.45 0.89 1.20 1.62 2.57

0.26 0.32 0.38 0.44 0.48 0.51 6.38 9.59 0.29 0.46 0.65 0.95 1.22 1.51

Sub-basin J 0.15 B 48.9 0.36 0.39 0.45 0.56 0.60 0.65 0.72 68.25 0.167 4.16 227.60 0.093 7 5.94 5.94 2.47 3.17 3.82 4.82 5.66 6.60 9.06 0.13 0.19 0.26 0.40 0.51 0.65 0.97

0.26 0.32 0.38 0.44 0.48 0.51 4.59 6.37 0.10 0.15 0.22 0.32 0.41 0.50

0.01 0.01 0.07 0.26 0.34 0.43 0.54 13.55 25.48 25.48 1.32 1.69 2.03 2.57 3.02 3.52 4.83 0.28 0.51 3.81 17.34 26.42 39.54 67.77

0.02 0.08 0.15 0.25 0.30 0.35 0.50 12.70 24.62 0.68 3.49 7.89 16.60 23.40 31.82 62.40

0.00 0.00 0.06 0.25 0.33 0.43 0.54 15.28 18.05 18.05 1.58 2.03 2.45 3.09 3.63 4.23 5.81 0.00 0.00 0.22 1.24 1.92 2.90 5.01

0.26 0.08 0.15 0.25 0.30 0.35 14.17 16.94 0.66 0.26 0.59 1.24 1.75 2.38
28.16

34.68

Sub-basin L 1.61 B 0.0 300.00 0.117 520.74 0.200 7 3.13 2.77

18.47

Sub-basin K 25.85 B 1.9 300.00 0.163 1933.40 0.149 7 2.70 11.93

23.40

2.13 1.78

Sub-basin F 0.08 B 55.5 40.00

18.19

2.13 3.21

16.11

0.195 153.66 0.161

17.08

2.60 0.71

0.150 7 2.71 1.230.147 200.00

2.30 1.05

250.20 0.225 395.60Sub-basin B 1.20

16.85

15.57

Sub-basin E 0.13 B 57.3 76.40 0.184 260.00 0.185 7 3.01 1.44

18.27

Sub-basin D 0.07 B 63.4 81.15

Cells of this color are for calculated results based on overrides
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7 2.81 0.91

26.19

Sub-basin C 0.15 B 49.8 66.00 0.176 271.00 0.150 7 2.71 1.67

0.130 7 2.52 2.62B 9.3

0.125300.00

Rainfall Intensity, I (in/hr)

3.39 1.62 24.5870.235330.60

Peak Flow, Q (cfs)

Calculation of Peak Runoff using Rational Method

Overland (Initial) Flow Time Channelized (Travel) Flow Time Time of ConcentrationRunoff Coefficient, C

Subcatchment 

Name

Area

(ac)

NRCS 

Hydrologic 

Soil Group

Percent 

Imperviousness

Sub-basin A 0.95 B 14.4

Select UDFCD location for NOAA Atlas 14 Rainfall Depths from the pulldown list OR enter your own depths obtained from the NOAA website (click this link)

Cells of this color are for required user-input

Cells of this color are for optional override values
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Channel Analysis: Subbasin A Channel LT South Before P-2, 2:1, 100 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.2350 ft/ft 

Manning's n:  0.0400 

Flow: 2.2300 cfs 

Result Parameters 

Depth: 0.4308 ft 

Area of Flow: 0.3712 ft^2 

Wetted Perimeter: 1.9267 ft 

Hydraulic Radius: 0.1927 ft 

Average Velocity: 6.0075 ft/s 

Top Width: 1.7233 ft 

Froude Number:  2.2811 

Critical Depth: 0.5992 ft 

Critical Velocity: 3.1059 ft/s 

Critical Slope: 0.0405 ft/ft 

Critical Top Width: 2.40 ft 

Calculated Max Shear Stress: 6.3175 lb/ft^2 

Calculated Avg Shear Stress: 2.8253 lb/ft^2 



Channel Analysis: Subbasin A Channel LT South Before P-2, 2:1, 5 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.2350 ft/ft 

Manning's n:  0.0400 

Flow: 0.6700 cfs 

Result Parameters 

Depth: 0.2744 ft 

Area of Flow: 0.1506 ft^2 

Wetted Perimeter: 1.2273 ft 

Hydraulic Radius: 0.1227 ft 

Average Velocity: 4.4477 ft/s 

Top Width: 1.0978 ft 

Froude Number:  2.1159 

Critical Depth: 0.3704 ft 

Critical Velocity: 2.4420 ft/s 

Critical Slope: 0.0475 ft/ft 

Critical Top Width: 1.48 ft 

Calculated Max Shear Stress: 4.0244 lb/ft^2 

Calculated Avg Shear Stress: 1.7998 lb/ft^2 



Hydraulic Analysis Report

Project Data

Project Title: Glen Aspen Dam

Designer: Dominic Russo

Project Date: Thursday, February 12, 2026

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Subbasin B, 12+00 RT Ditch 100 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1300 ft/ft 

Manning's n:  0.0400 

Flow: 3.0100 cfs 

Result Parameters 

Depth: 0.5387 ft 

Area of Flow: 0.5804 ft^2 

Wetted Perimeter: 2.4091 ft 

Hydraulic Radius: 0.2409 ft 

Average Velocity: 5.1861 ft/s 

Top Width: 2.1548 ft 

Froude Number:  1.7610 

Critical Depth: 0.6755 ft 

Critical Velocity: 3.2979 ft/s 

Critical Slope: 0.0389 ft/ft 

Critical Top Width: 2.70 ft 

Calculated Max Shear Stress: 4.3699 lb/ft^2 

Calculated Avg Shear Stress: 1.9543 lb/ft^2 



Channel Analysis: Subbasin B, 12+00 RT Ditch 5 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1300 ft/ft 

Manning's n:  0.0400 

Flow: 0.9100 cfs 

Result Parameters 

Depth: 0.3440 ft 

Area of Flow: 0.2366 ft^2 

Wetted Perimeter: 1.5383 ft 

Hydraulic Radius: 0.1538 ft 

Average Velocity: 3.8455 ft/s 

Top Width: 1.3759 ft 

Froude Number:  1.6341 

Critical Depth: 0.4186 ft 

Critical Velocity: 2.5962 ft/s 

Critical Slope: 0.0456 ft/ft 

Critical Top Width: 1.67 ft 

Calculated Max Shear Stress: 2.7903 lb/ft^2 

Calculated Avg Shear Stress: 1.2479 lb/ft^2 



Channel Analysis: Subbasin C, 11+00 LT Ditch 100 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1500 ft/ft 

Manning's n:  0.0400 

Flow: 0.5300 cfs 

Result Parameters 

Depth: 0.2734 ft 

Area of Flow: 0.1495 ft^2 

Wetted Perimeter: 1.2228 ft 

Hydraulic Radius: 0.1223 ft 

Average Velocity: 3.5446 ft/s 

Top Width: 1.0937 ft 

Froude Number:  1.6894 

Critical Depth: 0.3372 ft 

Critical Velocity: 2.3301 ft/s 

Critical Slope: 0.0490 ft/ft 

Critical Top Width: 1.35 ft 

Calculated Max Shear Stress: 2.5592 lb/ft^2 

Calculated Avg Shear Stress: 1.1445 lb/ft^2 



Channel Analysis: Subbasin C, 11+00 LT Ditch 5 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1500 ft/ft 

Manning's n:  0.0400 

Flow: 0.1600 cfs 

Result Parameters 

Depth: 0.1745 ft 

Area of Flow: 0.0609 ft^2 

Wetted Perimeter: 0.7804 ft 

Hydraulic Radius: 0.0780 ft 

Average Velocity: 2.6274 ft/s 

Top Width: 0.6980 ft 

Froude Number:  1.5676 

Critical Depth: 0.2089 ft 

Critical Velocity: 1.8338 ft/s 

Critical Slope: 0.0575 ft/ft 

Critical Top Width: 0.84 ft 

Calculated Max Shear Stress: 1.6333 lb/ft^2 

Calculated Avg Shear Stress: 0.7304 lb/ft^2 



Channel Analysis: Subbasin D, 22+00 RT Ditch 100 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1610 ft/ft 

Manning's n:  0.0400 

Flow: 0.2400 cfs 

Result Parameters 

Depth: 0.2005 ft 

Area of Flow: 0.0804 ft^2 

Wetted Perimeter: 0.8965 ft 

Hydraulic Radius: 0.0897 ft 

Average Velocity: 2.9859 ft/s 

Top Width: 0.8019 ft 

Froude Number:  1.6620 

Critical Depth: 0.2456 ft 

Critical Velocity: 1.9887 ft/s 

Critical Slope: 0.0545 ft/ft 

Critical Top Width: 0.98 ft 

Calculated Max Shear Stress: 2.0140 lb/ft^2 

Calculated Avg Shear Stress: 0.9007 lb/ft^2 



Channel Analysis: Subbasin D, 22+00 RT Ditch 5 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1610 ft/ft 

Manning's n:  0.0400 

Flow: 0.0700 cfs 

Result Parameters 

Depth: 0.1263 ft 

Area of Flow: 0.0319 ft^2 

Wetted Perimeter: 0.5648 ft 

Hydraulic Radius: 0.0565 ft 

Average Velocity: 2.1943 ft/s 

Top Width: 0.5052 ft 

Froude Number:  1.5389 

Critical Depth: 0.1501 ft 

Critical Velocity: 1.5543 ft/s 

Critical Slope: 0.0642 ft/ft 

Critical Top Width: 0.60 ft 

Calculated Max Shear Stress: 1.2688 lb/ft^2 

Calculated Avg Shear Stress: 0.5674 lb/ft^2 



Channel Analysis: Subbasin E, 22+00 LT Ditch 100 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1850 ft/ft 

Manning's n:  0.0400 

Flow: 0.4500 cfs 

Result Parameters 

Depth: 0.2472 ft 

Area of Flow: 0.1223 ft^2 

Wetted Perimeter: 1.1057 ft 

Hydraulic Radius: 0.1106 ft 

Average Velocity: 3.6810 ft/s 

Top Width: 0.9889 ft 

Froude Number:  1.8450 

Critical Depth: 0.3159 ft 

Critical Velocity: 2.2551 ft/s 

Critical Slope: 0.0501 ft/ft 

Critical Top Width: 1.26 ft 

Calculated Max Shear Stress: 2.8541 lb/ft^2 

Calculated Avg Shear Stress: 1.2764 lb/ft^2 



Channel Analysis: Subbasin E, 22+00 LT Ditch 5 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1850 ft/ft 

Manning's n:  0.0400 

Flow: 0.1400 cfs 

Result Parameters 

Depth: 0.1596 ft 

Area of Flow: 0.0509 ft^2 

Wetted Perimeter: 0.7136 ft 

Hydraulic Radius: 0.0714 ft 

Average Velocity: 2.7491 ft/s 

Top Width: 0.6383 ft 

Froude Number:  1.7151 

Critical Depth: 0.1980 ft 

Critical Velocity: 1.7855 ft/s 

Critical Slope: 0.0585 ft/ft 

Critical Top Width: 0.79 ft 

Calculated Max Shear Stress: 1.8421 lb/ft^2 

Calculated Avg Shear Stress: 0.8238 lb/ft^2 



Channel Analysis: Subbasin F, 26+00 LT Ditch 100 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 3.0000 ft/ft 

Side Slope 2 (Z2): 10.0000 ft/ft 

Longitudinal Slope: 0.1500 ft/ft 

Manning's n:  0.0400 

Flow: 0.3000 cfs 

Result Parameters 

Depth: 0.1386 ft 

Area of Flow: 0.1249 ft^2 

Wetted Perimeter: 1.8315 ft 

Hydraulic Radius: 0.0682 ft 

Average Velocity: 2.4017 ft/s 

Top Width: 1.8021 ft 

Froude Number:  1.6077 

Critical Depth: 0.1795 ft 

Critical Velocity: 1.4325 ft/s 

Critical Slope: 0.0378 ft/ft 

Critical Top Width: 3.29 ft 

Calculated Max Shear Stress: 1.2975 lb/ft^2 

Calculated Avg Shear Stress: 0.6383 lb/ft^2 



Channel Analysis: Subbasin F, 26+00 LT Ditch 5 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 3.0000 ft/ft 

Side Slope 2 (Z2): 10.0000 ft/ft 

Longitudinal Slope: 0.1500 ft/ft 

Manning's n:  0.0400 

Flow: 0.0900 cfs 

Result Parameters 

Depth: 0.0883 ft 

Area of Flow: 0.0506 ft^2 

Wetted Perimeter: 1.1661 ft 

Hydraulic Radius: 0.0434 ft 

Average Velocity: 1.7775 ft/s 

Top Width: 1.1474 ft 

Froude Number:  1.4911 

Critical Depth: 0.1109 ft 

Critical Velocity: 1.1259 ft/s 

Critical Slope: 0.0444 ft/ft 

Critical Top Width: 2.03 ft 

Calculated Max Shear Stress: 0.8261 lb/ft^2 

Calculated Avg Shear Stress: 0.4064 lb/ft^2 



Channel Analysis: Subbasin G, 30+00 LT Ditch 100 Year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1380 ft/ft 

Manning's n:  0.0400 

Flow: 0.2800 cfs 

Result Parameters 

Depth: 0.2186 ft 

Area of Flow: 0.0956 ft^2 

Wetted Perimeter: 0.9777 ft 

Hydraulic Radius: 0.0978 ft 

Average Velocity: 2.9290 ft/s 

Top Width: 0.8745 ft 

Froude Number:  1.5612 

Critical Depth: 0.2613 ft 

Critical Velocity: 2.0510 ft/s 

Critical Slope: 0.0534 ft/ft 

Critical Top Width: 1.05 ft 

Calculated Max Shear Stress: 1.8827 lb/ft^2 

Calculated Avg Shear Stress: 0.8419 lb/ft^2 



Channel Analysis: Subbasin G, 30+00 LT Ditch 5 Year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 2.0000 ft/ft 

Longitudinal Slope: 0.1380 ft/ft 

Manning's n:  0.0400 

Flow: 0.0800 cfs 

Result Parameters 

Depth: 0.1367 ft 

Area of Flow: 0.0374 ft^2 

Wetted Perimeter: 0.6112 ft 

Hydraulic Radius: 0.0611 ft 

Average Velocity: 2.1414 ft/s 

Top Width: 0.5467 ft 

Froude Number:  1.4436 

Critical Depth: 0.1583 ft 

Critical Velocity: 1.5964 ft/s 

Critical Slope: 0.0631 ft/ft 

Critical Top Width: 0.63 ft 

Calculated Max Shear Stress: 1.1769 lb/ft^2 

Calculated Avg Shear Stress: 0.5263 lb/ft^2 



Channel Analysis: Subbasin H, 33+00 RT Ditch 100 Year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 8.0000 ft/ft 

Side Slope 2 (Z2): 3.0000 ft/ft 

Longitudinal Slope: 0.1080 ft/ft 

Manning's n:  0.0400 

Flow: 0.2800 cfs 

Result Parameters 

Depth: 0.1531 ft 

Area of Flow: 0.1289 ft^2 

Wetted Perimeter: 1.7186 ft 

Hydraulic Radius: 0.0750 ft 

Average Velocity: 2.1717 ft/s 

Top Width: 1.6842 ft 

Froude Number:  1.3832 

Critical Depth: 0.1826 ft 

Critical Velocity: 1.5272 ft/s 

Critical Slope: 0.0422 ft/ft 

Critical Top Width: 2.53 ft 

Calculated Max Shear Stress: 1.0318 lb/ft^2 

Calculated Avg Shear Stress: 0.5056 lb/ft^2 



Channel Analysis: Subbasin H, 33+00 RT Ditch 5 Year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 8.0000 ft/ft 

Side Slope 2 (Z2): 3.0000 ft/ft 

Longitudinal Slope: 0.1080 ft/ft 

Manning's n:  0.0400 

Flow: 0.0900 cfs 

Result Parameters 

Depth: 0.1000 ft 

Area of Flow: 0.0550 ft^2 

Wetted Perimeter: 1.1229 ft 

Hydraulic Radius: 0.0490 ft 

Average Velocity: 1.6352 ft/s 

Top Width: 1.1004 ft 

Froude Number:  1.2885 

Critical Depth: 0.1160 ft 

Critical Velocity: 1.2170 ft/s 

Critical Slope: 0.0491 ft/ft 

Critical Top Width: 1.61 ft 

Calculated Max Shear Stress: 0.6742 lb/ft^2 

Calculated Avg Shear Stress: 0.3303 lb/ft^2 



Channel Analysis: Subbasin I, LT Ditch Near Turnaround 100 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 1.0000 ft/ft 

Longitudinal Slope: 0.0930 ft/ft 

Manning's n:  0.0400 

Flow: 1.5100 cfs 

Result Parameters 

Depth: 0.5039 ft 

Area of Flow: 0.3808 ft^2 

Wetted Perimeter: 1.8393 ft 

Hydraulic Radius: 0.2071 ft 

Average Velocity: 3.9651 ft/s 

Top Width: 1.5116 ft 

Froude Number:  1.3921 

Critical Depth: 0.5889 ft 

Critical Velocity: 2.9030 ft/s 

Critical Slope: 0.0405 ft/ft 

Critical Top Width: 1.99 ft 

Calculated Max Shear Stress: 2.9240 lb/ft^2 

Calculated Avg Shear Stress: 1.2016 lb/ft^2 



Channel Analysis: Subbasin I, LT Ditch Near Turnaround 5 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 1.0000 ft/ft 

Longitudinal Slope: 0.0930 ft/ft 

Manning's n:  0.0400 

Flow: 0.4600 cfs 

Result Parameters 

Depth: 0.3227 ft 

Area of Flow: 0.1562 ft^2 

Wetted Perimeter: 1.1778 ft 

Hydraulic Radius: 0.1326 ft 

Average Velocity: 2.9458 ft/s 

Top Width: 0.9680 ft 

Froude Number:  1.2925 

Critical Depth: 0.3660 ft 

Critical Velocity: 2.2888 ft/s 

Critical Slope: 0.0474 ft/ft 

Critical Top Width: 1.24 ft 

Calculated Max Shear Stress: 1.8724 lb/ft^2 

Calculated Avg Shear Stress: 0.7694 lb/ft^2 



Channel Analysis: Subbasin J, EOP RT South Ditch 100 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 1.0000 ft/ft 

Longitudinal Slope: 0.0930 ft/ft 

Manning's n:  0.0400 

Flow: 0.5000 cfs 

Result Parameters 

Depth: 0.3329 ft 

Area of Flow: 0.1662 ft^2 

Wetted Perimeter: 1.2152 ft 

Hydraulic Radius: 0.1368 ft 

Average Velocity: 3.0078 ft/s 

Top Width: 0.9987 ft 

Froude Number:  1.2992 

Critical Depth: 0.3785 ft 

Critical Velocity: 2.3273 ft/s 

Critical Slope: 0.0469 ft/ft 

Critical Top Width: 1.28 ft 

Calculated Max Shear Stress: 1.9319 lb/ft^2 

Calculated Avg Shear Stress: 0.7939 lb/ft^2 



Channel Analysis: Subbasin J, EOP RT South Ditch 5 year 

Notes:  

Input Parameters 

Channel Type:  Triangular

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 1.0000 ft/ft 

Longitudinal Slope: 0.0930 ft/ft 

Manning's n:  0.0400 

Flow: 0.1500 cfs 

Result Parameters 

Depth: 0.2120 ft 

Area of Flow: 0.0674 ft^2 

Wetted Perimeter: 0.7737 ft 

Hydraulic Radius: 0.0871 ft 

Average Velocity: 2.2260 ft/s 

Top Width: 0.6359 ft 

Froude Number:  1.2050 

Critical Depth: 0.2338 ft 

Critical Velocity: 1.8292 ft/s 

Critical Slope: 0.0551 ft/ft 

Critical Top Width: 0.79 ft 

Calculated Max Shear Stress: 1.2300 lb/ft^2 

Calculated Avg Shear Stress: 0.5054 lb/ft^2 



Hydraulic Analysis Report

Project Data

Project Title: Glen Aspen Dam

Designer: Dominic Russo

Project Date: Tuesday, December 9, 2025

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Subbasin K, RT P-2 Inlet 100 year 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 4.0000 ft/ft 

Channel Width: 4.0000 ft 

Longitudinal Slope: 0.1490 ft/ft 

Manning's n:  0.0400 

Flow: 31.8000 cfs 

Result Parameters 

Depth: 0.6295 ft 

Area of Flow: 3.7067 ft^2 

Wetted Perimeter: 8.0030 ft 

Hydraulic Radius: 0.4632 ft 

Average Velocity: 8.5791 ft/s 

Top Width: 7.7769 ft 

Froude Number:  2.1899 

Critical Depth: 0.9762 ft 

Critical Velocity: 4.7016 ft/s 

Critical Slope: 0.0277 ft/ft 

Critical Top Width: 9.86 ft 

Calculated Max Shear Stress: 5.8527 lb/ft^2 

Calculated Avg Shear Stress: 4.3063 lb/ft^2 



Channel Analysis: Subbasin K, RT P-2 Inlet 5 year 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 2.0000 ft/ft 

Side Slope 2 (Z2): 4.0000 ft/ft 

Channel Width: 4.0000 ft 

Longitudinal Slope: 0.1490 ft/ft 

Manning's n:  0.0400 

Flow: 3.4900 cfs 

Result Parameters 

Depth: 0.1815 ft 

Area of Flow: 0.8250 ft^2 

Wetted Perimeter: 5.1544 ft 

Hydraulic Radius: 0.1601 ft 

Average Velocity: 4.2304 ft/s 

Top Width: 5.0892 ft 

Froude Number:  1.8517 

Critical Depth: 0.2676 ft 

Critical Velocity: 2.7160 ft/s 

Critical Slope: 0.0390 ft/ft 

Critical Top Width: 5.61 ft 

Calculated Max Shear Stress: 1.6878 lb/ft^2 

Calculated Avg Shear Stress: 1.4881 lb/ft^2 



Channel Analysis: Subbasin L, 5 Year 

Notes:  

 

Input Parameters 

Channel Type:  Trapezoidal 

Side Slope 1 (Z1): 6.0000 ft/ft 

Side Slope 2 (Z2): 5.0000 ft/ft 

Channel Width 24.80 ft 

Longitudinal Slope: 0.1540 ft/ft 

Manning's n:  0.0400  

Flow 4.4200 cfs 

 

Result Parameters 

Depth 0.0710 ft 

Area of Flow 1.7874 ft^2 

Wetted Perimeter 25.5934 ft 

Hydraulic Radius 0.0698 ft 

Average Velocity 2.4729 ft/s 

Top Width 25.5805 ft 

Froude Number:  1.6486  

Critical Depth 0.0988 ft 

Critical Velocity 1.7649 ft/s 

Critical Slope: 0.0509 ft/ft 

Critical Top Width 25.89 ft 

Calculated Max Shear Stress 0.6819 lb/ft^2 

Calculated Avg Shear Stress 0.6711 lb/ft^2 

 

 

 



Channel Analysis: Subbasin L, 100 Year 

Notes:  

 

Input Parameters 

Channel Type:  Trapezoidal 

Side Slope 1 (Z1): 6.0000 ft/ft 

Side Slope 2 (Z2): 5.0000 ft/ft 

Channel Width 24.80 ft 

Longitudinal Slope: 0.1540 ft/ft 

Manning's n:  0.0400  

Flow 36.4000 cfs 

 

Result Parameters 

Depth 0.2494 ft 

Area of Flow 6.5277 ft^2 

Wetted Perimeter 27.5889 ft 

Hydraulic Radius 0.2366 ft 

Average Velocity 5.5763 ft/s 

Top Width 27.5436 ft 

Froude Number:  2.0186  

Critical Depth 0.3939 ft 

Critical Velocity 3.4266 ft/s 

Critical Slope: 0.0328 ft/ft 

Critical Top Width 29.13 ft 

Calculated Max Shear Stress 2.3968 lb/ft^2 

Calculated Avg Shear Stress 2.2737 lb/ft^2 

 

 

 



Channel Analysis: Subbasin M, P-1 Inlet 5 year 

Notes:  

 

Input Parameters 

Channel Type:  Trapezoidal 

Side Slope 1 (Z1): 3.0000 ft/ft 

Side Slope 2 (Z2): 3.0000 ft/ft 

Channel Width 25.00 ft 

Longitudinal Slope: 0.0700 ft/ft 

Manning's n:  0.0500  

Flow 14.9000 cfs 

 

Result Parameters 

Depth 0.2118 ft 

Area of Flow 5.4286 ft^2 

Wetted Perimeter 26.3393 ft 

Hydraulic Radius 0.2061 ft 

Average Velocity 2.7447 ft/s 

Top Width 26.2706 ft 

Froude Number:  1.0640  

Critical Depth 0.2206 ft 

Critical Velocity 2.6317 ft/s 

Critical Slope: 0.0611 ft/ft 

Critical Top Width 26.32 ft 

Calculated Max Shear Stress 0.9250 lb/ft^2 

Calculated Avg Shear Stress 0.9003 lb/ft^2 



Channel Analysis: Subbasin M, P-1 Inlet 100 year 

Notes:  

 

Input Parameters 

Channel Type:  Trapezoidal 

Side Slope 1 (Z1): 3.0000 ft/ft 

Side Slope 2 (Z2): 3.0000 ft/ft 

Channel Width 25.00 ft 

Longitudinal Slope: 0.0700 ft/ft 

Manning's n:  0.0500  

Flow 63.5000 cfs 

 

Result Parameters 

Depth 0.5022 ft 

Area of Flow 13.3130 ft^2 

Wetted Perimeter 28.1765 ft 

Hydraulic Radius 0.4725 ft 

Average Velocity 4.7698 ft/s 

Top Width 28.0135 ft 

Froude Number:  1.2193  

Critical Depth 0.5716 ft 

Critical Velocity 4.1586 ft/s 

Critical Slope: 0.0452 ft/ft 

Critical Top Width 28.43 ft 

Calculated Max Shear Stress 2.1938 lb/ft^2 

Calculated Avg Shear Stress 2.0638 lb/ft^2 

 



HY-8 Culvert Analysis Report 

Table 1 - Project Headwater Table 

Crossing 
Name 

Culvert 
Name 

Total 
Discharge 
(cfs) 

Culvert 
Discharge 
(cfs) 

Headwater 
Elevation 
(ft) 

Inlet 
Control 
Depth 
(ft) 

Outlet 
Control 
Depth 
(ft) 

HW 
/ D 
(ft) 

Normal 
Depth 
(ft) 

Critical 
Depth 
(ft) 

Outlet 
Depth 
(ft) 

Outlet 
Velocity 
(ft/s) 

Subbasin 
M, Primary 
Access 
Crossing 5-
year 

Subbasin 
M, Primary 
Access 
Culvert 5-
year 

14.90 14.90 8845.52 1.66 0.0* 0.55 0.67 1.23 0.72 11.37 

Subbasin 
M, Primary 
Access 
Crossing 
100-year 

Subbasin 
M, Primary 
Access 
Culvert 
100-year 

63.50 63.50 8848.41 4.55 2.563 1.52 1.43 2.56 1.70 15.31 

Subbasin 
K, Culvert 
P-2 5-year 

Subbasin 
K, Primary 
Access 
Culvert 5-
year 

3.49 3.49 8911.12 0.86 0.0* 0.43 0.36 0.65 0.36 9.12 

Subbasin 
K, Culvert 
P-2 100-
year 

Subbasin 
K, Primary 
Access 
Culvert 
100-year 

31.80 31.80 8914.85 4.59 1.344 2.30 1.16 1.89 1.23 15.62 

* Full Flow Headwater elevation is below inlet invert. 



Crossing Input: Subbasin M, Primary Access Crossing 5-year 

Parameter Value Units 

DISCHARGE DATA   
Discharge Method Minimum, Design, and 

Maximum 
 

Minimum Flow 1.000 cfs 
Design Flow 14.900 cfs 
Maximum Flow 14.900 cfs 
TAILWATER DATA   
Channel Type Trapezoidal Channel  
Bottom Width 10.000 ft 
Side Slope (H:V) 8.000 _:1 
Channel Slope 0.0500 ft/ft 
Manning's n (channel) 0.050  
Channel Invert Elevation 8841.669 ft 
Rating Curve View...  
ROADWAY DATA   
Roadway Profile Shape Constant Roadway 

Elevation 
 

First Roadway Station 0.000 ft 
Crest Length 100.000 ft 
Crest Elevation 8850.191 ft 
Roadway Surface Gravel  
Top Width 24.000 ft 

Culvert Input: Subbasin M, Primary Access Crossing 5-year 

Parameter Value Units 

CULVERT DATA   
Name Subbasin M, Primary Access 

Culvert 5-year 
 

Shape Circular  
Material Concrete  
Diameter 3.000 ft 
Embedment Depth 0.000 in 
Manning's n 0.013  
Culvert Type Straight  
Inlet Configuration Grooved End Projecting 

(Ke=0.2) 
 

Inlet Depression? No  
SITE DATA   
Site Data Input Option Culvert Invert Data  
Inlet Station 0.000 ft 
Inlet Elevation 8843.859 ft 
Outlet Station 52.000 ft 
Outlet Elevation 8841.669 ft 
Number of Barrels 1  
Computed Culvert Slope 0.042115 ft/ft 



Table 2 - Culvert Summary Table: Subbasin M, Primary Access Culvert 5-year 

Total 
Discharge 
(cfs) 

Culvert 
Discharge 
(cfs) 

Headwater 
Elevation 
(ft) 

Inlet 
Control 
Depth 
(ft) 

Outlet 
Control 
Depth 
(ft) 

HW 
/ D 
(ft) 

Flow 
Type 

Normal 
Depth 
(ft) 

Critical 
Depth 
(ft) 

Outlet 
Depth 
(ft) 

Tailwater 
Depth 
(ft) 

Outlet 
Velocity 
(ft/s) 

Tailwater 
Velocity 
(ft/s) 

1.00 1.00 8844.26 0.40 0.0* 0.13 1-S2n 0.18 0.31 0.18 0.08 5.77 1.18 
2.39 2.39 8844.49 0.63 0.0* 0.21 1-S2n 0.27 0.48 0.27 0.13 7.44 1.63 
3.78 3.78 8844.65 0.79 0.0* 0.26 1-S2n 0.34 0.61 0.34 0.17 8.51 1.91 
5.17 5.17 8844.79 0.93 0.0* 0.31 1-S2n 0.40 0.71 0.41 0.21 9.04 2.13 
6.56 6.56 8844.92 1.06 0.0* 0.35 1-S2n 0.45 0.80 0.46 0.24 9.52 2.31 
7.95 7.95 8845.03 1.17 0.0* 0.39 1-S2n 0.49 0.89 0.51 0.27 10.00 2.46 
9.34 9.34 8845.13 1.27 0.0* 0.42 1-S2n 0.53 0.97 0.56 0.29 10.16 2.60 
10.73 10.73 8845.23 1.37 0.0* 0.46 1-S2n 0.57 1.04 0.60 0.32 10.62 2.72 
12.12 12.12 8845.32 1.47 0.0* 0.49 1-S2n 0.60 1.11 0.65 0.34 10.83 2.83 
13.51 13.51 8845.42 1.56 0.0* 0.52 1-S2n 0.64 1.17 0.68 0.36 11.19 2.93 
14.90 14.90 8845.52 1.66 0.0* 0.55 1-S2n 0.67 1.23 0.72 0.38 11.37 3.02 
83.98 82.75 8850.22 6.36 4.058 2.12 5-S2n 1.68 2.79 2.01 0.95 16.45 5.03 

* Full Flow Headwater elevation is below inlet invert. 



Water Surface Profile Plot for Culvert: Subbasin M, Primary Access Culvert 5-year 

 

Crossing Input: Subbasin M, Primary Access Crossing 100-year 

Parameter Value Units 

DISCHARGE DATA   
Discharge Method Minimum, Design, and 

Maximum 
 

Minimum Flow 1.000 cfs 
Design Flow 63.500 cfs 
Maximum Flow 100.000 cfs 
TAILWATER DATA   
Channel Type Trapezoidal Channel  
Bottom Width 10.000 ft 
Side Slope (H:V) 8.000 _:1 
Channel Slope 0.0500 ft/ft 
Manning's n (channel) 0.050  
Channel Invert Elevation 8841.669 ft 
Rating Curve View...  
ROADWAY DATA   
Roadway Profile Shape Constant Roadway Elevation  
First Roadway Station 0.000 ft 
Crest Length 100.000 ft 
Crest Elevation 8850.191 ft 
Roadway Surface Gravel  
Top Width 24.000 ft 



Culvert Input: Subbasin M, Primary Access Crossing 100-year 

Parameter Value Units 

CULVERT DATA   
Name Subbasin M, Primary Access 

Culvert 100-year 
 

Shape Circular  
Material Concrete  
Diameter 3.000 ft 
Embedment Depth 0.000 in 
Manning's n 0.013  
Culvert Type Straight  
Inlet Configuration Grooved End Projecting 

(Ke=0.2) 
 

Inlet Depression? No  
SITE DATA   
Site Data Input Option Culvert Invert Data  
Inlet Station 0.000 ft 
Inlet Elevation 8843.859 ft 
Outlet Station 52.000 ft 
Outlet Elevation 8841.669 ft 
Number of Barrels 1  
Computed Culvert Slope 0.042115 ft/ft 



Table 3 - Culvert Summary Table: Subbasin M, Primary Access Culvert 100-year 

Total 
Discharge 
(cfs) 

Culvert 
Discharge 
(cfs) 

Headwater 
Elevation 
(ft) 

Inlet 
Control 
Depth 
(ft) 

Outlet 
Control 
Depth 
(ft) 

HW 
/ D 
(ft) 

Flow 
Type 

Normal 
Depth 
(ft) 

Critical 
Depth 
(ft) 

Outlet 
Depth 
(ft) 

Tailwater 
Depth 
(ft) 

Outlet 
Velocity 
(ft/s) 

Tailwater 
Velocity 
(ft/s) 

1.00 1.00 8844.26 0.40 0.0* 0.13 1-S2n 0.18 0.31 0.18 0.08 5.77 1.18 
10.90 10.90 8845.24 1.38 0.0* 0.46 1-S2n 0.57 1.05 0.60 0.32 10.71 2.73 
20.80 20.80 8845.89 2.03 0.0* 0.68 1-S2n 0.79 1.46 0.87 0.46 12.26 3.35 
30.70 30.70 8846.41 2.55 0.067 0.85 1-S2n 0.96 1.80 1.09 0.56 13.20 3.77 
40.60 40.60 8846.92 3.06 0.691 1.02 5-S2n 1.12 2.07 1.29 0.65 13.91 4.09 
50.50 50.50 8847.49 3.63 1.714 1.21 5-S2n 1.26 2.31 1.48 0.73 14.54 4.36 
63.50 63.50 8848.41 4.55 2.563 1.52 5-S2n 1.43 2.56 1.70 0.82 15.31 4.65 
70.30 70.30 8848.99 5.13 3.059 1.71 5-S2n 1.52 2.66 1.82 0.87 15.71 4.79 
80.20 80.20 8849.95 6.09 3.843 2.03 5-S2n 1.65 2.77 1.97 0.93 16.30 4.97 
90.10 83.32 8850.28 6.42 4.106 2.14 5-S2n 1.69 2.80 2.02 0.98 16.48 5.13 
100.00 83.95 8850.35 6.49 4.160 2.16 5-S2n 1.70 2.80 2.03 1.04 16.52 5.28 
100.00 83.95 8850.35 6.49 4.160 2.16 5-S2n 1.70 2.80 2.03 1.04 16.52 5.28 

* Full Flow Headwater elevation is below inlet invert. 



Water Surface Profile Plot for Culvert: Subbasin M, Primary Access Culvert 100-year 

 

Crossing Input: Subbasin K, Culvert P-2 5-year 

Parameter Value Units 

DISCHARGE DATA   
Discharge Method Minimum, Design, and 

Maximum 
 

Minimum Flow 0.000 cfs 
Design Flow 3.490 cfs 
Maximum Flow 3.490 cfs 
TAILWATER DATA   
Channel Type Trapezoidal Channel  
Bottom Width 8.000 ft 
Side Slope (H:V) 4.000 _:1 
Channel Slope 0.1500 ft/ft 
Manning's n (channel) 0.050  
Channel Invert Elevation 8906.017 ft 
Rating Curve View...  
ROADWAY DATA   
Roadway Profile Shape Constant Roadway Elevation  
First Roadway Station 1.000 ft 
Crest Length 119.000 ft 
Crest Elevation 8924.618 ft 
Roadway Surface Gravel  
Top Width 24.000 ft 



Culvert Input: Subbasin K, Culvert P-2 5-year 

Parameter Value Units 

CULVERT DATA   
Name Subbasin K, Primary Access 

Culvert 5-year 
 

Shape Circular  
Material Concrete  
Diameter 2.000 ft 
Embedment Depth 0.000 in 
Manning's n 0.013  
Culvert Type Straight  
Inlet Configuration Grooved End Projecting 

(Ke=0.2) 
 

Inlet Depression? No  
SITE DATA   
Site Data Input Option Culvert Invert Data  
Inlet Station 0.000 ft 
Inlet Elevation 8910.260 ft 
Outlet Station 88.163 ft 
Outlet Elevation 8906.017 ft 
Number of Barrels 1  
Computed Culvert Slope 0.048127 ft/ft 



Table 4 - Culvert Summary Table: Subbasin K, Primary Access Culvert 5-year 

Total 
Discharge 
(cfs) 

Culvert 
Discharge 
(cfs) 

Headwater 
Elevation 
(ft) 

Inlet 
Control 
Depth 
(ft) 

Outlet 
Control 
Depth 
(ft) 

HW 
/ D 
(ft) 

Flow 
Type 

Normal 
Depth 
(ft) 

Critical 
Depth 
(ft) 

Outlet 
Depth 
(ft) 

Tailwater 
Depth 
(ft) 

Outlet 
Velocity 
(ft/s) 

Tailwater 
Velocity 
(ft/s) 

0.00 0.00 8910.26 0.00 0.000 0.00 0-NF  0.00 0.00 0.00 0.00 0.00 0.00 
0.35 0.35 8910.52 0.26 0.0* 0.13 1-S2n 0.12 0.20 0.12 0.04 4.65 1.22 
0.70 0.70 8910.63 0.37 0.0* 0.19 1-S2n 0.16 0.29 0.16 0.05 5.67 1.60 
1.05 1.05 8910.72 0.46 0.0* 0.23 1-S2n 0.20 0.35 0.20 0.07 6.38 1.87 
1.40 1.40 8910.79 0.53 0.0* 0.27 1-S2n 0.23 0.41 0.23 0.08 6.98 2.09 
1.75 1.75 8910.86 0.60 0.0* 0.30 1-S2n 0.26 0.46 0.26 0.09 7.42 2.27 
2.09 2.09 8910.92 0.66 0.0* 0.33 1-S2n 0.28 0.50 0.28 0.10 7.87 2.43 
2.44 2.44 8910.97 0.71 0.0* 0.36 1-S2n 0.30 0.54 0.30 0.11 8.22 2.58 
2.79 2.79 8911.02 0.76 0.0* 0.38 1-S2n 0.32 0.58 0.32 0.12 8.56 2.71 
3.14 3.14 8911.07 0.81 0.0* 0.41 1-S2n 0.34 0.62 0.34 0.13 8.86 2.83 
3.49 3.49 8911.12 0.86 0.0* 0.43 1-S2n 0.36 0.65 0.36 0.14 9.12 2.95 
62.50 62.15 8924.63 14.37 11.673 7.18 6-FFc 2.00 2.00 2.00 0.73 19.78 7.88 

* Full Flow Headwater elevation is below inlet invert. 



Water Surface Profile Plot for Culvert: Subbasin K, Primary Access Culvert 5-year 

 

Crossing Input: Subbasin K, Culvert P-2 100-year 

Parameter Value Units 

DISCHARGE DATA   
Discharge Method Minimum, Design, and 

Maximum 
 

Minimum Flow 0.000 cfs 
Design Flow 31.800 cfs 
Maximum Flow 31.800 cfs 
TAILWATER DATA   
Channel Type Trapezoidal Channel  
Bottom Width 8.000 ft 
Side Slope (H:V) 4.000 _:1 
Channel Slope 0.1500 ft/ft 
Manning's n (channel) 0.050  
Channel Invert Elevation 8906.017 ft 
Rating Curve View...  
ROADWAY DATA   
Roadway Profile Shape Constant Roadway Elevation  
First Roadway Station 1.000 ft 
Crest Length 119.000 ft 
Crest Elevation 8924.618 ft 
Roadway Surface Gravel  
Top Width 24.000 ft 



Culvert Input: Subbasin K, Culvert P-2 100-year 

Parameter Value Units 

CULVERT DATA   
Name Subbasin K, Primary Access 

Culvert 100-year 
 

Shape Circular  
Material Concrete  
Diameter 2.000 ft 
Embedment Depth 0.000 in 
Manning's n 0.013  
Culvert Type Straight  
Inlet Configuration Grooved End Projecting 

(Ke=0.2) 
 

Inlet Depression? No  
SITE DATA   
Site Data Input Option Culvert Invert Data  
Inlet Station 0.000 ft 
Inlet Elevation 8910.260 ft 
Outlet Station 88.163 ft 
Outlet Elevation 8906.017 ft 
Number of Barrels 1  
Computed Culvert Slope 0.048127 ft/ft 



Table 5 - Culvert Summary Table: Subbasin K, Primary Access Culvert 100-year 

Total 
Discharge 
(cfs) 

Culvert 
Discharge 
(cfs) 

Headwater 
Elevation 
(ft) 

Inlet 
Control 
Depth 
(ft) 

Outlet 
Control 
Depth 
(ft) 

HW 
/ D 
(ft) 

Flow 
Type 

Normal 
Depth 
(ft) 

Critical 
Depth 
(ft) 

Outlet 
Depth 
(ft) 

Tailwater 
Depth 
(ft) 

Outlet 
Velocity 
(ft/s) 

Tailwater 
Velocity 
(ft/s) 

0.00 0.00 8910.26 0.00 0.000 0.00 0-NF  0.00 0.00 0.00 0.00 0.00 0.00 
3.18 3.18 8911.08 0.82 0.0* 0.41 1-S2n 0.34 0.62 0.34 0.13 8.89 2.85 
6.36 6.36 8911.48 1.22 0.0* 0.61 1-S2n 0.48 0.89 0.48 0.20 10.88 3.67 
9.54 9.54 8911.81 1.55 0.0* 0.77 1-S2n 0.59 1.10 0.59 0.25 12.22 4.24 
12.72 12.72 8912.10 1.84 0.0* 0.92 1-S2n 0.69 1.28 0.72 0.30 12.52 4.69 
15.90 15.90 8912.41 2.15 0.0* 1.07 5-S2n 0.78 1.44 0.81 0.34 13.32 5.06 
19.08 19.08 8912.76 2.50 0.0* 1.25 5-S2n 0.86 1.57 0.90 0.37 13.87 5.38 
22.26 22.26 8913.18 2.92 0.0* 1.46 5-S2n 0.94 1.68 0.98 0.41 14.49 5.67 
25.44 25.44 8913.66 3.40 0.0* 1.70 5-S2n 1.01 1.77 1.07 0.44 14.88 5.92 
28.62 28.62 8914.22 3.96 0.628 1.98 5-S2n 1.09 1.84 1.15 0.47 15.24 6.16 
31.80 31.80 8914.85 4.59 1.344 2.30 5-S2n 1.16 1.89 1.23 0.50 15.62 6.37 
63.60 62.19 8924.65 14.39 11.691 7.19 6-FFc 2.00 2.00 2.00 0.73 19.79 7.92 

* Full Flow Headwater elevation is below inlet invert. 



Water Surface Profile Plot for Culvert: Subbasin K, Primary Access Culvert 100-year 

 



Design Discharge Q 63.5 cfs

Culvert Diameter D 3

Adjusted Culvert Size D' 2.215

Normal (supercritical) depth in the culvert y 1.43

Tailwater Depth TW 1.2

Acceleration (gravity) g 32.2

D50 = 1.444813 ft

17.33775 inches

Culvert P-1 Riprap Sizing



Design Discharge Q 31.8 cfs

Culvert Diameter D 2

Adjusted Culvert Size D' 1.945

Normal (supercritical) depth in the culvert y 1.89

Tailwater Depth TW 0.5

Acceleration (gravity) g 32.2

D50 1.639958 ft

19.6795 inches

Culvert P-2 Riprap Sizing
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NATIONAL FLOOD INSURANCE PROGRAM
FLOOD INSURANCE RATE MAP

NOTES TO USERS
For information and questions about this Flood Insurance Rate Map (FIRM), available products associated with
this FIRM, including historic versions, the current map date for each FIRM panel, how to order products,
or the National Flood Insurance Program (NFIP) in general, please call the FEMA Map Information eXchange at
1-877-FEMA-MAP (1-877-336-2627) or visit the FEMA Flood Map Service Center website at https://msc.fema.gov.
Available products may include previously issued Letters of Map Change, a Flood Insurance Study Report,
and/or digital versions of this map. Many of these products can be ordered or obtained directly from the website.

Communities annexing land on adjacent FIRM panels must obtain a current copy of the adjacent panel as well
as the current FIRM Index. These may be ordered directly from the Flood Map Service Center at the number
listed above.

For community and countywide map dates, refer to the Flood Insurance Study Report for this jurisdiction.

To determine if flood insurance is available in this community, contact your Insurance agent or call the National
Flood Insurance Program at 1-800-638-6620.

Basemap information shown on this FIRM was provided in digital format by USDA, Farm Service Agency (FSA).
This information was derived from NAIP, dated April 11, 2018.

SCALE
Map Projection:
GCS,  Geodetic Reference System 1980;
Vertical Datum: No elevation features on this FIRM

Panel Contains:

MAP NUMBER

EFFECTIVE DATE

COMMUNITY NUMBER PANEL

 PANEL   250   OF   1275
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This map was exported from FEMA's National Flood Hazard Layer (NFHL) on 9/11/2025 11:21 PM  and does
not reflect changes or amendments subsequent to this date and time. The NFHL and effective information may
change or become superseded by new data over time. For additional information, please see the Flood Hazard
Mapping Updates Overview Fact Sheet at https://www.fema.gov/media-library/assets/documents/118418

This map complies with FEMA's standards for the use of digital flood maps if it is not void as described below.
The basemap shown complies with FEMA's basemap accuracy standards. This map image is void if the one
or more of the following map elements do not appear: basemap imagery, flood zone labels,  legend, scale bar,
map creation date, community identifiers, FIRM panel number, and FIRM effective date.
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For information about the specific vertical datum for elevation features, datum
conversions, or vertical monuments used to create this map, please see the Flood
Insurance Study (FIS) Report for your community at https://msc.fema.gov

SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP
FOR DRAFT FIRM PANEL LAYOUT
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information regarding CBRS property determinations.</CLR>
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NATIONAL FLOOD INSURANCE PROGRAM
FLOOD INSURANCE RATE MAP

NOTES TO USERS
For information and questions about this Flood Insurance Rate Map (FIRM), available products associated with
this FIRM, including historic versions, the current map date for each FIRM panel, how to order products,
or the National Flood Insurance Program (NFIP) in general, please call the FEMA Map Information eXchange at
1-877-FEMA-MAP (1-877-336-2627) or visit the FEMA Flood Map Service Center website at https://msc.fema.gov.
Available products may include previously issued Letters of Map Change, a Flood Insurance Study Report,
and/or digital versions of this map. Many of these products can be ordered or obtained directly from the website.

Communities annexing land on adjacent FIRM panels must obtain a current copy of the adjacent panel as well
as the current FIRM Index. These may be ordered directly from the Flood Map Service Center at the number
listed above.

For community and countywide map dates, refer to the Flood Insurance Study Report for this jurisdiction.

To determine if flood insurance is available in this community, contact your Insurance agent or call the National
Flood Insurance Program at 1-800-638-6620.

Basemap information shown on this FIRM was provided in digital format by USDA, Farm Service Agency (FSA).
This information was derived from NAIP, dated April 11, 2018.

SCALE
Map Projection:
GCS,  Geodetic Reference System 1980;
Vertical Datum: No elevation features on this FIRM

Panel Contains:

MAP NUMBER
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COMMUNITY NUMBER PANEL
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This map was exported from FEMA's National Flood Hazard Layer (NFHL) on 9/11/2025 11:22 PM  and does
not reflect changes or amendments subsequent to this date and time. The NFHL and effective information may
change or become superseded by new data over time. For additional information, please see the Flood Hazard
Mapping Updates Overview Fact Sheet at https://www.fema.gov/media-library/assets/documents/118418

This map complies with FEMA's standards for the use of digital flood maps if it is not void as described below.
The basemap shown complies with FEMA's basemap accuracy standards. This map image is void if the one
or more of the following map elements do not appear: basemap imagery, flood zone labels,  legend, scale bar,
map creation date, community identifiers, FIRM panel number, and FIRM effective date.
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information regarding CBRS property determinations.</CLR>

1 inch = 1,000 feet 1:12,000

105°4'34.74"W 39°3'58.21"N

105°0'48.03"W 38°59'46.85"N
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APPENDIX E  
NOAA Atlas 14 

 



Point precipitation frequency estimates (inches)
NOAA Atlas 14 Volume 8 Version 2
Data type: Precipitation depth
Time series type: Partial duration
Project area: Midwestern States
Location name (ESRI Maps): Woodland Park Colorado  USA
Station Name: -
Latitude: 38.9946 Degree
Longitude: -105.0517 Degree
Elevation (USGS): 8455 ft

by duration for ARI (years):1 2 5 10 25 50 100 200 500 1000
5-min: 0.232 0.279 0.361 0.437 0.55 0.645 0.746 0.856 1.01 1.14
10-min: 0.34 0.408 0.529 0.639 0.805 0.944 1.09 1.25 1.48 1.66
15-min: 0.415 0.498 0.645 0.78 0.982 1.15 1.33 1.53 1.81 2.03
30-min: 0.526 0.632 0.82 0.99 1.25 1.46 1.69 1.94 2.29 2.57
60-min: 0.647 0.764 0.979 1.18 1.49 1.75 2.04 2.35 2.8 3.17
2-hr: 0.768 0.896 1.14 1.37 1.73 2.04 2.39 2.77 3.32 3.78
3-hr: 0.865 0.995 1.25 1.5 1.9 2.25 2.64 3.07 3.71 4.24
6-hr: 1.09 1.23 1.53 1.82 2.3 2.73 3.21 3.75 4.55 5.22
12-hr: 1.39 1.57 1.94 2.31 2.9 3.43 4.02 4.68 5.65 6.46
24-hr: 1.7 1.94 2.42 2.88 3.62 4.27 4.98 5.78 6.93 7.89
2-day: 1.97 2.28 2.87 3.43 4.31 5.07 5.91 6.84 8.2 9.31
3-day: 2.16 2.48 3.09 3.68 4.61 5.43 6.32 7.31 8.76 9.95
4-day: 2.33 2.66 3.28 3.88 4.84 5.68 6.6 7.62 9.11 10.3
7-day: 2.78 3.15 3.83 4.48 5.49 6.37 7.33 8.39 9.92 11.2
10-day: 3.2 3.62 4.38 5.08 6.15 7.07 8.05 9.13 10.7 11.9
20-day: 4.39 4.99 6 6.88 8.14 9.15 10.2 11.3 12.8 14
30-day: 5.32 6.05 7.25 8.25 9.64 10.7 11.8 12.9 14.4 15.5
45-day: 6.43 7.3 8.69 9.81 11.3 12.4 13.5 14.6 15.9 16.9
60-day: 7.33 8.29 9.81 11 12.6 13.7 14.8 15.8 17 17.9

Date/time (GMT):  Mon Dec 15 18:08:02 2025
pyRunTime:  0.033385276794433594

PRECIPITATION FREQUENCY ESTIMATES
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APPENDIX F  
Pre-development and Post-development Sub-basin Maps 
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1. PROJECT SITE IS CATEGORIZED AS FEMA: FLOOD HAZARD ZONE D.

2. RUNOFF COEFFICIENTS USED FOR THE EXISTING SUBBASIN USED STREAMSTATS
WHICH ARE BASED ON AVERAGE COEFFICENT FOR THE WHOLE 441.6 ACRES DEFINED
BY VERDIN AND GROSS (2017).
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NOTES:

1. PROJECT SITE IS CATEGORIZED AS FEMA: FLOOD HAZARD ZONE D.

2. DRAINAGE ANALYSIS USED THE EL PASO COUNTY DRAINAGE MANUAL (DCM) WHICH
WERE USED TO OBTAIN RUNOFF COEFFICIENTS, RAINFALL INTENSITIES, AND PEAK
FLOWS, WITH EXCEPTION OF SUBBASIN L WHICH USED A STREAMSTATS ANALYSIS
USED FOR LARGER SUBBASIN AREAS.
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2. DRAINAGE ANALYSIS USED THE EL PASO COUNTY DRAINAGE MANUAL (DCM)
WHICH WERE USED TO OBTAIN RUNOFF COEFFICIENTS, RAINFALL INTENSITIES,
AND PEAK FLOWS, WITH EXCEPTION OF SUBBASIN L WHICH USED A
STREAMSTATS ANALYSIS USED FOR LARGER SUBBASIN AREAS.
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* EXISTING SUBBASIN AND SUBBASIN M WERE ANALYZED USING STREAMSTATS DUE TO LARGE SUBBASIN AREA. RUNOFF
COEFFICIENTS ARE FOR THE WHOLE 441.6 ACRES SUBBASIN DEFINED BY VERDIN AND GROSS (2017).
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