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1 Introduction 
The purpose of this technical memorandum is to present a hydrologic analysis and hydraulic 

assessment for the Monument Academy Recirculation Project (Project) in El Paso County, 

Colorado. The Project aims to redirect or capture stormwater runoff flows from new impervious 

surfaces with minimal changes in hydraulic conditions.  

The Project will add two, paved, private, internal roads to improve circulation of traffic on 

Monument Academy’s property in El Paso County, CO. It also includes modular block walls, 

private storm system additions, and landscaping modifications.  

 

Figure 1: Vicinity Map 

1.1 Location 
The Project is at the Monument Academy West Campus located just outside the limits of the 

Town of Monument, El Paso County CO. The Project is in the NW ¼, Section 13, Township 

11S, Range 67W. The project site is located north of Highway 105, and east of Knollwood Drive, 

and is accessed from Knollwood Drive by turning east on Village Ridge Point. The subject 

property is in Knollwood Village Filing No. 2, and neighboring properties are either in the same 

development, or in Harmon Hills Filing No. 1 to the north. 

1.2 Description of Property 
The project site on Monument Academy private property (MA Property) is in a mixed-use 

suburban area northeast of Monument, Colorado. The MA Property is bounded by Highway 105 
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on the south and encompasses a segment of Dirty Woman Creek on the north.  The property 

includes 15.4 acres, though approximately seven acres is considered a “No-Build” Area for 

habitat conservation and floodplain preservation.  

The developed area of the site includes the school building, private internal roads, parking 

areas, a playground, and an athletic field. Undeveloped areas include upland hills forested with 

deciduous and evergreen trees, and lowland plains near the creek with grassland and wetland 

vegetation. An NRCS Soil Report shows two types of soils in the vicinity. Loams and clay loams 

(with 1-3% slopes) are found along Dirty Woman Creek and its floodplain. Upland areas are 

expected to be loamy sands or coarse sands (with 3-8% slopes). See Appendix C. 

The MA Property generally drains from the southeast to northwest with stormwater runoff 

flowing overland to Dirty Woman Creek. Dirty Woman Creek runs through the northern part of 

the property and remains north of the project site area. No other major drainageways cross 

through the MA Property.  

1.3 Basin Descriptions 
The MA Property is in the Dirty Woman Creek Drainage Basin. The 1993 Drainage Basin 

Planning Study for Dirty Woman Creek provides recommendations for the basin including 

upsizing culverts both upstream and downstream of the MA Property. The recommendations do 

not affect the project site, as it does not contain the creek. 

Dirty Woman Creek includes FEMA mapped special flood hazard areas. The 100-year 

floodplain is outside the project perimeter as shown in Flood Insurance Rate Map (FIRM) Map 

Number 08041C0276G, December 7, 2018, and Map Number 08041C0278G, December 7, 

2018. This project does not cause impacts to the neighboring floodplain. 

Tributary basin areas consist primarily of the project site itself and the undeveloped hillside to 

the east. A one-third acre portion of the neighboring property to the east represents the only 

offsite flow. Highway 105 located along the southern edge of the project intercepts stormwater 

runoff flow from the south before it reaches the project. Stormwater runoff from the developed 

areas is collected along the existing internal road curb and gutter, and at several low point inlets 

around the property. The runoff is then routed through the Monument Academy private 

stormwater network prior to outfalling on the northwest side of the developed area and flowing 

to Dirty Woman Creek. Runoff from the northern and western portions of the property sheet 

flows directly to Dirty Woman Creek. 

2 Design Criteria 
The Monument Academy project has elected to obtain construction permitting through the 

Colorado Department of Public Safety.  Design standards for the project are not specific with 

respect to hydrology and hydraulics criteria since El Paso County is not the permitting body. El 

Paso County’s Engineering Criteria and Drainage Criteria Manuals were referenced for 

guidelines as well as design criteria published by Colorado Department of Transportation 

(CDOT), and Mile High Flood District (MHFD).  
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2.1 Four Step Process 
Considerations were taken to reduce the impacts of the additional impervious area associated 

with the project. 

1. Runoff reduction practices were incorporated by limiting the additions to the existing 

private stormwater network. The proposed internal road at the back of school drains to 

swales and sheet flows to the existing open field rather than to a network of inlets and 

pipes. 

2. Stabilization of drainageways is achieved through soil riprap outlet protection near the 

wetlands area, and riprap lined channels on steeper slopes.  

3. Permanent Water Quality requirements are achieved through runoff reduction. 

Calculations are evidenced in Appendix F. Receiving pervious areas for infiltration are in 

the existing No-Build easement on the MA Property. 

4. Industrial and commercial source control BMPs are not required for this project. 

2.2 Hydrology 
A hydrologic analysis using the rational method was performed to determine the 10-year and 

100-year peak flow rates for sizing the stormwater system for the Project.  

Precipitation data is developed in accordance with Colorado Dept. of Transportation (CDOT) 

and Mile High Flood District (MHFD) criteria and uses NOAA Atlas 14 guidance. An Intensity 

Duration Frequency (IDF) curve (Figure 2) was developed for Monument to define the rainfall 

intensity. 

Sub-basins are typically less than one acre in size. The minimum time of concentration of five 

minutes was used for all basins for a conservative approach. The project area comprises 

multiple land uses with impervious surface areas, constructed outdoor spaces, undeveloped 

areas, and combinations thereof.  

Drainage Basin maps, NRCS soil maps, and rational method calculations are located in the 

Appendices. A summary is provided in the table below. 
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Table 1. Proposed Basins Hydrology 

Basin ID Area (ac) C10 Q10 (cfs) C100 Q100 (cfs) 

A-0 0.31 0.62 1.2 0.75 2.4 

A-1 0.75 0.81 3.7 0.88 6.8 

A-EX-2 0.35 0.74 1.6 0.81 2.9 

A- EX-3 0.32 0.92 1.8 0.96 3.1 

A-4 0.52 0.58 1.9 0.70 3.7 

A-5 1.59 0.61 5.9 0.74 12.0 

A-6 0.42 0.86 2.2 0.90 3.9 

A- EX-7 0.57 0.92 3.2 0.96 5.6 

A-8 0.25 0.38 0.6 0.58 1.5 

A-9 1.05 0.41 2.6 0.60 6.4 

A-10 0.34 0.39 0.8 0.58 2.0 

A-11 1.09 0.72 4.8 0.81 9.0 

 

2.3 Related Projects 
Improvement projects continue to evolve localized drainage patterns in and around the project 

area. Recent changes include a project to widen Highway 105 south of the MA Property. The 

Highway 105 project will incorporate a new retaining wall between the MA Property and 

Highway 105 reducing the total tributary area draining north to the school’s stormwater network. 

The changed area instead sends the runoff flow to the Highway 105 stormwater network, which 

outfalls to Dirty Woman Creek approximately 2000 feet downstream of the MA Property. 

2.4 Environmental Features 
Most of the project site is located near the banks of Dirty Woman Creek, which flows through 

the northern portion of this 15-acre property. The project site limits are approximately 100-feet 

from Dirty Woman Creek, and approximately 50-feet outside the limits of the FEMA 100-year 

floodplain boundary. Riparian vegetation blankets the land between the developed areas of the 

property and the creek. The area along this portion of Dirty Woman Creek has been designated 

as non-critical habitat area for the Preble’s Meadow Jumping Mouse. Wetland areas are also 

located in the vicinity of the project. These features are notated on the project’s plan sheets. 

3 Drainage Design 
The existing stormwater system was analyzed to verify that changes in flow to this system do 

not result in an adverse impact. It is expected that the existing stormwater network will remain in 

place unless shown otherwise in the plan documents. 

3.1 Existing Conditions 
The Monument Academy existing drainage network captures stormwater runoff in the existing 

internal roads’ curb inlets and in local grate inlets along the front of the school. Flow is then 

conveyed north and west to the 24-inch pipe outfall location behind the school. The stormwater 

system is a private network and is not connected to other stormwater systems. Analysis of the 
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existing system includes 0.3 acres of tributary area that will be allotted to the Highway 105 

storm system when the neighboring project constructs a new retaining wall. 

Stormwater runoff from the school building is collected in a series of downspouts from the roof 

and piped to the open field areas northwest of the building. Stormwater runoff from the hills, 

offsite area, and play areas north of the building flows overland or collects in shallow ditches 

then discharges to the same open field which is tributary to Dirty Woman Creek. 

An outfall for an 18-inch pipe is located onsite west of the playground area. The source of flow 

for the pipe was unable to be confirmed with the site survey or a field visit. Conversations with 

Monument Academy were also unable to confirm the source. It is assumed the outfall pipe 

drains groundwater from underneath the playground and should be protected or extended. 

3.2 Proposed Conditions 
Replacement or protection of existing storm systems is as directed by Monument Academy. The 

proposed system additions serve to collect stormwater flows from the proposed internal 

roadways, extend the existing pipe outfalls due to proposed internal roadway reconfiguration, 

and to convey concentrated runoff to inlets or ditches. 

Basin A-0 to LINE 100 – A new inlet upstream of the pedestrian crossing will collect 

stormwater runoff from the proposed internal road in front of the school, then pipe flows 

to the existing private stormwater network. 

Basins A-1, A-5, and A-6 to Existing – The basin areas are reduced from existing 

condition as some of the stormwater runoff is now intercepted upstream in Basin A-0 

with the new proposed internal road in front of the school. Inlets along the existing 

internal road will be protected in place. 

Basin A-EX-2 to LINE 102 – Inlets in front of the school will be protected in place. The 

24-inch outfall pipe for the school’s private storm network will be extended to 

accommodate for the proposed internal road behind the school. Total flows through the 

existing storm network are decreased in proposed condition due to the reduction in total 

area from the adjacent Highway 105 project. An outfall stilling basin is proposed to 

dissipate energy, reduce flow velocities, and reduce erosion potential. 

Basin A-4 to Underdrain – 

In existing condition, the playground and sand play 

area north of the building drain from east to west 

overland or through the sandy subgrade below the 

sidewalk. In proposed condition, the flow path is 

impeded by the proposed internal road behind the 

school, which is several inches higher than the sand 

area. An underdrain is proposed along the western 

edge of the basin to promote infiltration of stormwater. 

The underdrain will outfall west of the proposed 

internal road behind the school.  
Figure 3: Looking West 
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LINE 104 – The 18-inch outfall pipe near the playground area will be extended to route 

flows under the proposed internal road behind the school. 

Basin A-EX-3 and A-EX-7 to Existing – Downspouts and existing outfalls from the 

building roofs to the front and back of school will be protected in place. 

Basin A-8 to LINE 108 – A new crossing culvert is proposed to drain the infield area 

between the playground and athletic field. The culvert will outfall west of the proposed 

internal road behind the school. 

Basin A-9 to V-DITCH 2 – Stormwater runoff from the upland hill areas east of the 

athletic field will be intercepted by the proposed internal road behind the school and 

routed north along the curb and gutter flow line. This flow will outfall to a riprap-lined 

channel which routes the stormwater away from the roadway and west toward the 

existing open field between the school and Dirty Woman Creek. Riprap calculations are 

included with Appendix F. 

Basin A-10 to V-DITCH 1 – A new grass-lined channel is proposed between the athletic 

field and modular block retaining wall to route stormwater runoff west.  Flows then cross 

over the proposed internal road behind the school in a gutter pan before continuing west. 

Runoff flows to an existing grass buffer prior to infiltrating or flowing toward the creek. 

Basin A-11 to Existing – Runoff flows from the back of school internal road sheet flow 

to an existing grass buffer within the no-build area. 

A comparison of the existing and proposed tributary flow rates is reflected in Table 2. Increased 

imperviousness from the internal roads contributes to marginally higher runoff rates, but the 

effects are mitigated on-site.  

• Subtotal A for the stormwater network reflects flows are slightly increased in proposed 

condition. This is attributable to both the reduction in total area from the adjacent 

Highway 105 project, and the increased impervious area.  

• Subtotal B reflects a reduction in flows consistent with a slight reduction in tributary area 

in basin A-4.  

• Subtotal C reflects an increase in tributary flow in part due to additional tributary area. 

For the back of school basins, A-8 to A-11, stormwater runoff flows are redistributed 

within the MA Property between existing and proposed conditions. The remaining 

increase in flow is associated with imperviousness from the new back of school internal 

road. Higher flow rates are attenuated by existing grass buffer Receiving Pervious Area 

(RPA) between the school and the Dirty Woman Creek floodplain. Calculations support 

the buffer RPA provides sufficient space and time to infiltrate the flow. 
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Table 2. Tributary Flow Comparison 

Outfall 
Tributary 
Existing 
Basins 

Tributary 
Existing 
Area (ac) 

Tributary 
Existing 
Q10 (cfs) 

Outfall 
Tributary 
Proposed 

Basins 

Tributary 
Proposed 
Area (ac) 

Tributary 
Proposed 
Q10 (cfs) 

Existing 
Storm 

Network 

-- 0.00 0.0 

Line 102 

A-0 0.31 1.2 

A-EX-1 1.08 4.2 A-1 0.75 3.7 

A-EX-2 0.35 1.6 A-EX-2 0.35 1.6 

A-EX-5 1.79 6.4 A-5 1.59 5.9 

A-EX-6 0.43 2.2 A-6 0.42 2.2 

 Subtotal A 3.65 14.34   Subtotal A 3.43 14.48 

Ex. Roof 
Drains 

A-EX-3 0.32 1.8 
Ex. Roof 
Drains 

A-EX-3 0.32 1.8 

Wetlands A-EX-4 0.60 2.1 Wetlands A-4 0.52 1.9 

Ex. Roof 
Drains 

A-EX-7 0.57 3.2 
Ex. Roof 
Drains 

A-EX-7 0.57 3.2 

  Subtotal B 1.50 7.04   Subtotal B 1.42 6.83 

Existing 
Channel 

A-EX-8 0.81 1.5 
Line 108 to 

RPA 
A-8 0.25 0.6 

Ex. Grass 
buffer 

A-EX-10 0.98 3.9 
V-Ditch 1 to 

RPA 
A-10 0.34 0.8 

        
Ex. Grass 

buffer 
(RPA) 

A-11 1.09 4.8 

Ex. Grass 
buffer 

A-EX-9 0.77 1.6 
V-Ditch 2 to 

RPA 
A-9 1.05 2.6 

  Subtotal C 2.56 6.95   Subtotal C 2.74 8.75 

Existing total 7.70 28.33 Proposed total 7.58 30.06 

 

Calculations for flow routing through the proposed stormwater network were performed in 

Bentley InRoads and are presented in summary form in the tables below. Four pipes are shown 

with zero flow reported. The source of flow for Line 104, which includes P-EX-19 and P-104 was 

undetermined as previously discussed.  Pipes P-EX-11 and P-EX-17 are within basin A-EX-2 

which includes four inlet points. Flow for the entire basin was routed through other points in the 

storm network. Additional information is shown in a detailed report in Appendix F. Calculations 

support that the private stormwater system is not adversely affected by the changes associated 

with this project. 

Table 3. InRoads Pipe Data 

      10 – year 

Pipe ID Material 
Dia. 
(in) 

Length 
(ft) 

Slope 
(%) 

Capacity 
(cfs) 

Total 
Flow 
(cfs) 

Velocity 
(ft/s) 

Flow 
Depth 

(ft) 

P-101 RCP 18 39.4 4.5 22.3 0.9 6.2 0.21 

P-102 RCP 24 20.5 1.0 22.6 13.1 7.5 1.09 

P-104 RCP 18 20.8 5.7 25.1 0.0 0.0 0.0 

P-108 RCP 18 61.5 4.8 23.1 0.6 5.5 0.16 
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      10 – year 

Pipe ID Material 
Dia. 
(in) 

Length 
(ft) 

Slope 
(%) 

Capacity 
(cfs) 

Total 
Flow 
(cfs) 

Velocity 
(ft/s) 

Flow 
Depth 

(ft) 

P-EX-1 RCP 24 45.9 0.5 16.0 4.8 4.5 0.75 

P-EX-2 RCP 12 18.7 3.0 6.2 0.7 5.2 0.23 

P-EX-3 RCP 24 113.1 0.5 16.0 5.4 4.6 0.80 

P-EX-4 RCP 24 14.5 0.5 16.0 5.3 4.6 0.79 

P-EX-5 RCP 24 20.4 0.5 16.0 5.3 4.6 0.79 

P-EX-6 RCP 24 34.8 0.5 16.0 5.3 4.6 0.79 

P-EX-7 RCP 12 37.5 16.3 14.4 1.0 10.6 0.18 

P-EX-8 RCP 24 45.4 0.5 16.0 6.2 4.8 0.87 

P-EX-9 RCP 24 41.1 0.5 16.0 6.2 4.8 0.86 

P-EX-10 RCP 24 97.4 0.5 16.0 6.1 4.8 0.86 

P-EX-11 RCP 12 29.4 3.8 6.9 0.0 0.0 0.0 

P-EX-12 RCP 18 12.8 10.6 34.2 6.4 3.6 1.50 

P-EX-13 RCP 24 41.8 0.5 16.0 11.9 5.6 1.29 

P-EX-14 RCP 18 64.8 14.8 40.4 1.6 11.1 0.21 

P-EX-15 RCP 18 67.8 15.0 40.7 1.6 11.2 0.20 

P-EX-16 RCP 24 61.1 1.4 26.8 13.4 8.5 1.00 

P-EX-17 RCP 12 30.8 10.0 11.3 0.0 0.0 0.0 

P-EX-18 RCP 24 129.8 2.0 32.0 13.3 9.7 0.90 

P-EX-19 RCP 18 60.3 2.0 14.9 0.0 0.0 0.0 

 

4 Conclusion 
The Monument Academy project will include extensions to the existing drainage system and 

creation of new drainage swales. Existing flow patterns are maintained and relocated outfalls 

will be protected with riprap to reduce erosion. The project should not adversely impact 

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

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

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

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

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

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

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

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

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

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

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 19, Aug 31, 2021

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

Date(s) aerial images were photographed: Aug 19, 2018—Sep 
23, 2018

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

Custom Soil Resource Report
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Map Unit Legend

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

1 Alamosa loam, 1 to 3 percent 
slopes

25.0 42.7%

92 Tomah-Crowfoot loamy sands, 
3 to 8 percent slopes

33.5 57.3%

Totals for Area of Interest 58.5 100.0%

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

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

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

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 

Custom Soil Resource Report
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onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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El Paso County Area, Colorado

1—Alamosa loam, 1 to 3 percent slopes

Map Unit Setting
National map unit symbol: 3670
Elevation: 7,200 to 7,700 feet
Farmland classification: Prime farmland if irrigated and reclaimed of excess salts 

and sodium

Map Unit Composition
Alamosa and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Alamosa

Setting
Landform: Flood plains, fans
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium

Typical profile
A - 0 to 6 inches: loam
Bt - 6 to 14 inches: clay loam
Btk - 14 to 33 inches: clay loam
Cg1 - 33 to 53 inches: sandy clay loam
Cg2 - 53 to 60 inches: sandy loam

Properties and qualities
Slope: 1 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.60 in/hr)
Depth to water table: About 12 to 18 inches
Frequency of flooding: FrequentNone
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Very slightly saline to strongly saline (2.0 to 16.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 5w
Hydrologic Soil Group: D
Ecological site: R048AY241CO - Mountain Meadow
Hydric soil rating: Yes

Minor Components

Other soils
Percent of map unit:
Hydric soil rating: No

Custom Soil Resource Report
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92—Tomah-Crowfoot loamy sands, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 36b9
Elevation: 7,300 to 7,600 feet
Farmland classification: Not prime farmland

Map Unit Composition
Tomah and similar soils: 50 percent
Crowfoot and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tomah

Setting
Landform: Hills, alluvial fans
Landform position (three-dimensional): Side slope, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from arkose and/or residuum weathered from 

arkose

Typical profile
A - 0 to 10 inches: loamy sand
E - 10 to 22 inches: coarse sand
Bt - 22 to 48 inches: stratified coarse sand to sandy clay loam
C - 48 to 60 inches: coarse sand

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: R049XY216CO - Sandy Divide
Hydric soil rating: No

Custom Soil Resource Report
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Description of Crowfoot

Setting
Landform: Alluvial fans, hills
Landform position (three-dimensional): Side slope, crest
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium

Typical profile
A - 0 to 12 inches: loamy sand
E - 12 to 23 inches: sand
Bt - 23 to 36 inches: sandy clay loam
C - 36 to 60 inches: coarse sand

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Low (about 4.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: R049XY216CO - Sandy Divide
Hydric soil rating: No

Minor Components

Other soils
Percent of map unit:
Hydric soil rating: No

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

Custom Soil Resource Report
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Soil Information for All Uses

Soil Properties and Qualities
The Soil Properties and Qualities section includes various soil properties and 
qualities displayed as thematic maps with a summary table for the soil map units in 
the selected area of interest. A single value or rating for each map unit is generated 
by aggregating the interpretive ratings of individual map unit components. This 
aggregation process is defined for each property or quality.

Soil Erosion Factors

Soil Erosion Factors are soil properties and interpretations used in evaluating the 
soil for potential erosion. Example soil erosion factors can include K factor for the 
whole soil or on a rock free basis, T factor, wind erodibility group and wind erodibility 
index.

K Factor, Whole Soil

Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by 
water. Factor K is one of six factors used in the Universal Soil Loss Equation 
(USLE) and the Revised Universal Soil Loss Equation (RUSLE) to predict the 
average annual rate of soil loss by sheet and rill erosion in tons per acre per year. 
The estimates are based primarily on percentage of silt, sand, and organic matter 
and on soil structure and saturated hydraulic conductivity (Ksat). Values of K range 
from 0.02 to 0.69. Other factors being equal, the higher the value, the more 
susceptible the soil is to sheet and rill erosion by water.

"Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The 
estimates are modified by the presence of rock fragments.

Factor K does not apply to organic horizons and is not reported for those layers.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)
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Water Features

Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

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

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data 
as of the version date(s) listed below.

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 19, Aug 31, 2021

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

Date(s) aerial images were photographed: Aug 19, 2018—Sep 
23, 2018

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

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

1 Alamosa loam, 1 to 3 
percent slopes

.20 25.0 42.7%

92 Tomah-Crowfoot loamy 
sands, 3 to 8 percent 
slopes

.17 33.5 57.3%

Totals for Area of Interest 58.5 100.0%

Rating Options—K Factor, Whole Soil

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Layer Options (Horizon Aggregation Method): Surface Layer (Not applicable)

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly 
measured, but are inferred from observations of dynamic conditions and from soil 
properties. Example soil qualities include natural drainage, and frost action. Soil 
features are attributes that are not directly part of the soil. Example soil features 
include slope and depth to restrictive layer. These features can greatly impact the 
use and management of the soil.

Hydrologic Soil Group

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive precipitation 
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly 
wet. These consist mainly of deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well drained 
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soils that have moderately fine texture to moderately coarse texture. These soils 
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of water 
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay layer at 
or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in their 
natural condition are in group D are assigned to dual classes.

Custom Soil Resource Report
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Soil Rating Polygons
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Water Features
Streams and Canals
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Interstate Highways
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Local Roads

Background
Aerial Photography

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

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 19, Aug 31, 2021

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

Date(s) aerial images were photographed: Aug 19, 2018—Sep 
23, 2018

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

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

1 Alamosa loam, 1 to 3 
percent slopes

D 25.0 42.7%

92 Tomah-Crowfoot loamy 
sands, 3 to 8 percent 
slopes

B 33.5 57.3%

Totals for Area of Interest 58.5 100.0%

Rating Options—Hydrologic Soil Group

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Custom Soil Resource Report

20



Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of 
each unit. No aggregation of data has occurred as is done in reports in the Soil 
Properties and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included.

Soil Erosion

This folder contains a collection of tabular reports that present soil erosion factors 
and groupings. The reports (tables) include all selected map units and components 
for each map unit. Soil erosion factors are soil properties and interpretations used in 
evaluating the soil for potential erosion. Example soil erosion factors can include K 
factor for the whole soil or on a rock free basis, T factor, wind erodibility group and 
wind erodibility index.

RUSLE2 Related Attributes

This report summarizes those soil attributes used by the Revised Universal Soil 
Loss Equation Version 2 (RUSLE2) for the map units in the selected area. The 
report includes the map unit symbol, the component name, and the percent of the 
component in the map unit. Soil property data for each map unit component include 
the hydrologic soil group, erosion factor Kf for the surface horizon, erosion factor T, 
and the representative percentage of sand, silt, and clay in the mineral surface 
horizon. Missing surface data may indicate the presence of an organic layer.

Report—RUSLE2 Related Attributes

Soil properties and interpretations for erosion runoff calculations. The surface 
mineral horizon properties are displayed or the first mineral horizon below an 
organic surface horizon. Organic horizons are not displayed.

RUSLE2 Related Attributes–El Paso County Area, Colorado

Map symbol and soil name Pct. of 
map unit

Slope 
length 

(ft)

Hydrologic group Kf T factor Representative value

% Sand % Silt % Clay

1—Alamosa loam, 1 to 3 
percent slopes

Alamosa 85 — D .20 5 43.0 38.5 18.5

92—Tomah-Crowfoot loamy 
sands, 3 to 8 percent slopes

Tomah 50 — B .17 4 84.3 9.2 6.5

Crowfoot 30 — B .15 3 85.7 4.3 10.0

Custom Soil Resource Report

21



References
American Association of State Highway and Transportation Officials (AASHTO). 
2004. Standard specifications for transportation materials and methods of sampling 
and testing. 24th edition.

American Society for Testing and Materials (ASTM). 2005. Standard classification of 
soils for engineering purposes. ASTM Standard D2487-00.

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification of 
wetlands and deep-water habitats of the United States. U.S. Fish and Wildlife 
Service FWS/OBS-79/31.

Federal Register. July 13, 1994. Changes in hydric soils of the United States.

Federal Register. September 18, 2002. Hydric soils of the United States.

Hurt, G.W., and L.M. Vasilas, editors. Version 6.0, 2006. Field indicators of hydric 
soils in the United States.

National Research Council. 1995. Wetlands: Characteristics and boundaries.

Soil Survey Division Staff. 1993. Soil survey manual. Soil Conservation Service. 
U.S. Department of Agriculture Handbook 18. http://www.nrcs.usda.gov/wps/portal/
nrcs/detail/national/soils/?cid=nrcs142p2_054262 

Soil Survey Staff. 1999. Soil taxonomy: A basic system of soil classification for 
making and interpreting soil surveys. 2nd edition. Natural Resources Conservation 
Service, U.S. Department of Agriculture Handbook 436. http://
www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577 

Soil Survey Staff. 2010. Keys to soil taxonomy. 11th edition. U.S. Department of 
Agriculture, Natural Resources Conservation Service. http://
www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580 

Tiner, R.W., Jr. 1985. Wetlands of Delaware. U.S. Fish and Wildlife Service and 
Delaware Department of Natural Resources and Environmental Control, Wetlands 
Section.

United States Army Corps of Engineers, Environmental Laboratory. 1987. Corps of 
Engineers wetlands delineation manual. Waterways Experiment Station Technical 
Report Y-87-1.

United States Department of Agriculture, Natural Resources Conservation Service. 
National forestry manual. http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/
home/?cid=nrcs142p2_053374 

United States Department of Agriculture, Natural Resources Conservation Service. 
National range and pasture handbook. http://www.nrcs.usda.gov/wps/portal/nrcs/
detail/national/landuse/rangepasture/?cid=stelprdb1043084 

22

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_054262
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_054262
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053577
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053580
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/home/?cid=nrcs142p2_053374
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/home/?cid=nrcs142p2_053374
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb1043084
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb1043084


United States Department of Agriculture, Natural Resources Conservation Service. 
National soil survey handbook, title 430-VI. http://www.nrcs.usda.gov/wps/portal/
nrcs/detail/soils/scientists/?cid=nrcs142p2_054242 

United States Department of Agriculture, Natural Resources Conservation Service. 
2006. Land resource regions and major land resource areas of the United States, 
the Caribbean, and the Pacific Basin. U.S. Department of Agriculture Handbook 
296. http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?
cid=nrcs142p2_053624 

United States Department of Agriculture, Soil Conservation Service. 1961. Land 
capability classification. U.S. Department of Agriculture Handbook 210. http://
www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf 

Custom Soil Resource Report

23

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/scientists/?cid=nrcs142p2_054242
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/scientists/?cid=nrcs142p2_054242
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053624
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2_053624
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052290.pdf


 

Monument Academy | El Paso County, CO 
Appendix D 

 

hdrinc.com 5555 Tech Center Drive, Suite 310, Colorado Springs, CO  80919-2371 
(719) 272-8800  

15 

 

 

 

 

Appendix D 
 

 

Floodplain Map 

  



National Flood Hazard Layer FIRMette

0 500 1,000 1,500 2,000250
Feet

Ü

SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT

SPECIAL FLOOD
HAZARD AREAS

Without Base Flood Elevation (BFE)
Zone A, V, A99

With BFE or DepthZone AE, AO, AH, VE, AR

Regulatory Floodway

0.2% Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average
depth less than one foot or with drainage
areas of less than one square mileZone X

Future Conditions 1% Annual
Chance Flood HazardZone X

Area with Reduced Flood Risk due to
Levee. See Notes.Zone X

Area with Flood Risk due to LeveeZone D

NO SCREENArea of Minimal Flood HazardZone X

Area of Undetermined Flood HazardZone D

Channel, Culvert, or Storm Sewer

Levee, Dike, or Floodwall

Cross Sections with 1% Annual Chance
17.5 Water Surface Elevation

Coastal Transect

Coastal Transect Baseline
Profile Baseline
Hydrographic Feature

Base Flood Elevation Line (BFE)

Effective LOMRs

Limit of Study
Jurisdiction Boundary

Digital Data Available

No Digital Data Available

Unmapped

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

The flood hazard information is derived directly from the
authoritative NFHL web services provided by FEMA. This map
was exported on 1/12/2022 at 3:38 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.

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. Map images for
unmapped and unmodernized areas cannot be used for
regulatory purposes.

Legend

OTHER AREAS OF
FLOOD HAZARD

OTHER AREAS

GENERAL
STRUCTURES

OTHER
FEATURES

MAP PANELS

8

B
20.2

The pin displayed on the map is an approximate
point selected by the user and does not represent
an authoritative property location.

1:6,000

104°51'7"W 39°5'51"N

104°50'30"W 39°5'23"N

Basemap: USGS National Map: Orthoimagery: Data refreshed October, 2020



 

Monument Academy | El Paso County, CO 
Appendix E 

 

hdrinc.com 5555 Tech Center Drive, Suite 310, Colorado Springs, CO  80919-2371 
(719) 272-8800  

16 

 

 

 

 

Appendix E 

 

 

Precipitation Data 

  



������������	
����
����
�����������
������������������
����
���������
������
�����
������ !��	"
����#��
����$�!	 �	%�"�

&��'�������(�!� �	�)���
*+,-./012+3456+789,+
**+,-./012+:4;4

<�=�>�<?&�=<=>�>=���@?&A�&��B�&�>=��>&�

48CD8+E1/F08G+H1I-/8J+78/KFCG+48CL/8+E8MN-MF0G+6,J8CF+5-OG+7F0J81N+4KP+Q8./1CKG+R8/N+S/O98N.TG+H8N1
:C/.JG+7F0J81N+U1TK8G+;1-VV1/O+W-CCFC

XYZZG+X8KF-C8N+[18KJ1/+41/MF01G+4FNM1/+49/FC\G+78/ON8CL

E]̂K8I.N8/+_+E]̂\/89JF08N+_+789,̂`̂81/F8N,

<@���a
���

<b�$a�����c�����c����c��������)��d
���e�����������f��g��!h����)������������'����i������g��jg�
�k�

b
������
�'���#�����
������������'���ie����k

� � l �! �l l! �!! �!! l!! �!!!

l$��� � ��
mnPopqoPrst

� %l
mnPssqrPrrt

	 �	
mrPurqpPurt

% !%
mrPsnqvPrnt

( %	
mwPssqsPppt

� ��
mpPxuqyyPrt

�! �
mvPwnqyoPot

�� l
mxPypqywPot

�� 	
msPuvqyxPnt

�	 �
msPvxqnuPot

�!$��� � ��
myPvoqnPwpt

� %(
mnPysqoPnwt

� %�
mnPspqrPrnt

	 	�
moPpuqwProt

l l�
mrPosqvPuvt

% l�
mrPsxqxPoyt

( 	%
mwPwyqsPvyt

� 	l
mwPsvqyyPnt

� (�
mpPpwqyoPot

�! �
mvPypqyrPst

�l$��� � (�
myPruqnPuxt

� �(
myPvxqnPprt

� �	
mnPruqoPwst

� %�
mnPsoqrPryt

	 ll
moPwvqwPvwt

l �!
mrPuwqpPvpt

% !%
mrPrxqvPsut

% �(
mrPxwqsPyot

( �%
mwPruqyuPxt

� ��
mwPxnqynPyt

�!$��� � �%
muPsrxqyPrut

� 	(
myPnuqyPvxt

� ��
myPpnqnProt

� 		
myPsxqnPsxt

� !(
mnPryqoPxxt

� l�
mnPvoqrPwpt

	 !�
moPunqwPoot

	 %�
moPnvqpPypt

l �(
moPprqvPout

l �	
moPsnqxPypt

%!$��� ! (�l
muPpunquPxsot

! �!�
muPvruqyPyut

� �!
muPsvxqyPrpt

� 	%
myPysqyPvst

� �l
myPrpqnPopt

� ��
myPpvqnPxut

� l�
myPxvqoPout

� ��
mnPuwqoPxpt

� 	�
mnPonqrPpwt

� ��
mnPwnqwPnwt

�$g� ! 		%
muPopxquPwoxt

! l�%
muPrrnquPprvt

! (!�
muPwvpquPxrxt

! �l	
muPpspqyPurt

� !�
muPxpvqyPoxt

� ��
muPsspqyPprt

� l!
myPynqyPswt

� (�
myPnrqnPoyt

� !(
myPrnqnPxyt

� �	
myPwwqoPyst

�$g� ! ���
muPnvwquPosst

! ��!
muPonoquPrpst

! l!�
muPryoquPpuot

! %!�
muPrsxquPvort

! (((
muPpnpquPssut

! ��l
muPvnnqyPyxt

� !�
muPxysqyPrnt

� �(
muPsyrqyPpst

� l�
myPupqnPust

� (l
myPyvqnPoxt

%$g� ! �!�
muPypxquPnost

! ���
muPysrquPnvvt

! ��l
muPnrwquPownt

! �l(
muPnsrquPrnvt

! 	l%
muPovyquPwvst

! l	l
muPrnsquPpsrt

! %		
muPrxxquPxowt

! (l	
muPwrvquPssst

! ��%
muPpoxqyPnrt

� !l
muPvupqyPrnt

��$g� ! ���
muPyuyquPyrnt

! �	�
muPyyxquPypvt

! ���
muPywyquPnyrt

! ���
muPyxyquPnwst

! �((
muPnnwquPorvt

! ���
muPnwsquPryot

! ��	
muPnsnquPrsnt

! 		l
muPonwquPwxrt

! l�l
muPovrquPvypt

! %!�
muPryyquPxypt

�	$g� ! !(�
muPupyquPuxwt

! !�%
muPuvnquPyuyt

! ��!
muPusnquPynst

! ���
muPyyuquPywwt

! �%l
muPyowquPnurt

! ��	
muPywoquPnrut

! ��	
muPyvyquPnxrt

! �l(
muPyxxquPooot

! �!	
muPnyoquPruot

! �	�
muPnooquPrwpt

�$��e ! !	�
muPuopquPuwut

! !l!
muPuroquPuwxt

! !%	
muPuwrquPuvrt

! !(l
muPupoquPuxxt

! !��
muPuvpquPyyrt

! �!�
muPuxpquPyoot

! ��	
muPuswquPywpt

! �	�
muPyurquPyxnt

! �%%
muPyyvquPnyxt

! ��l
muPynvquPnrwt

�$��e ! !��
muPunpquPuopt

! !�%
muPuoyquPurnt

! !	%
muPuosquPuwot

! !l	
muPurpquPupot

! !%(
muPuwwquPuxyt

! !((
muPupnquPuswt

! !��
muPupxquPyyut

! �!!
muPuvrquPynxt

! ��(
muPuxoquPywot

! ��!
muPusuquPyvnt

	$��e ! !�l
muPunyquPunxt

! !��
muPunwquPuoot

! !�%
muPuoyquPurnt

! !	�
muPuopquPuwut

! !l�
muPuroquPuprt

! !%�
muPursquPuvrt

! !%�
muPuwrquPuxpt

! !(�
muPuwxquPyuut

! !��
muPupwquPyyst

! �!�
muPuvuquPyort

($��e ! !�%
muPuyrquPuyst

! !��
muPuypquPunnt

! !��
muPunuquPunvt

! !�(
muPunoquPuont

! !��
muPunxquPurut

! !��
muPuoyquPurpt

! !		
muPuorquPuwrt

! !	�
muPuovquPupnt

! !l(
muPuryquPuvrt

! !%�
muPurrquPuxot

�!$��e ! !��
muPuyyquPuywt

! !�l
muPuyoquPuyvt

! !��
muPuypquPunyt

! !��
muPuyxquPunrt

! !�%
muPunyquPuoyt

! !��
muPunrquPuowt

! !��
muPunpquPuryt

! !�(
muPunxquPurvt

! !	�
muPuoyquPuwpt

! !	�
muPuooquPupnt

�!$��e ! !!�
muPuuvquPuyut

! !�!
muPuusquPuyyt

! !��
muPuyuquPuyrt

! !�	
muPuynquPuypt

! !�%
muPuyrquPuyst

! !��
muPuywquPunnt

! !��
muPuypquPunwt

! !��
muPuyvquPunst

! !�%
muPuysquPuort

! !��
muPunuquPuovt

�!$��e ! !!(
muPuupquPuuxt

! !!�
muPuuvquPuust

! !�!
muPuuxquPuyyt

! !��
muPuusquPuynt

! !��
muPuyyquPuywt

! !�	
muPuynquPuyvt

! !�%
muPuyoquPuyst

! !��
muPuyoquPunnt

! !�!
muPuyrquPunwt

! !��
muPuywquPunxt

	l$��e ! !!%
muPuuwquPuupt

! !!%
muPuupquPuuvt

! !!�
muPuuvquPuust

! !!�
muPuuxquPuyut

! !�!
muPuusquPuynt

! !��
muPuusquPuyot

! !��
muPuyuquPuywt

! !�	
muPuyuquPuyvt

! !�l
muPuyyquPuyst

! !�%
muPuyyquPunyt

%!$��e ! !!l
muPuurquPuuwt

! !!l
muPuuwquPuupt

! !!(
muPuupquPuuvt

! !!(
muPuupquPuuxt

! !!�
muPuuvquPuyut

! !�!
muPuuxquPuyyt

! !�!
muPuuxquPuynt

! !��
muPuuxquPuyrt

! !��
muPuusquPuywt

! !��
muPuusquPuyvt

y+E/10F9FK8KF-C+V/1z.1C0O+mE]t+1,KF{8K1,+FC+KJF,+K8IN1+8/1+I8,1L+-C+V/1z.1C0O+8C8NO,F,+-V+98/KF8N+L./8KF-C+,1/F1,+mEH4tP

X.{I1/,+FC+98/1CKJ1,F,+8/1+E]+1,KF{8K1,+8K+N-|1/+8CL+.991/+I-.CL,+-V+KJ1+su}+0-CVFL1C01+FCK1/M8NP+SJ1+9/-I8IFNFKO+KJ8K+9/10F9FK8KF-C+V/1z.1C0O+1,KF{8K1,+mV-/+8
\FM1C+L./8KF-C+8CL+8M1/8\1+/10.//1C01+FCK1/M8Nt+|FNN+I1+\/18K1/+KJ8C+KJ1+.991/+I-.CL+m-/+N1,,+KJ8C+KJ1+N-|1/+I-.CLt+F,+w}P+3,KF{8K1,+8K+.991/+I-.CL,+8/1+C-K
0J10T1L+8\8FC,K+9/-I8IN1+{8~F{.{+9/10F9FK8KF-C+mE7Et+1,KF{8K1,+8CL+{8O+I1+JF\J1/+KJ8C+0.//1CKNO+M8NFL+E7E+M8N.1,P

EN18,1+/1V1/+K-+XYZZ+ZKN8,+yr+L-0.{1CK+V-/+{-/1+FCV-/{8KF-CP

W80T+K-+S-9

<@�#��cg����



�
�����������

	
��
�

���
��

��
��
��
��
����
��

�
���
��
��
����
��

�

�
���

���



������������	�


������������������

�
���������

������
�������������������
�
����
 �!��
����
�"�#���$�%�����#"����$��
�����

�
����
 �&�
�%������'����
�
����
 �&
�����������
()*+�,
$��&�$��-�.%/
0�
�� '��������.1�2��*34(3�

56�$����$78�-���956�$����$:��

9.�'�

��$� 
�����

;

<
=>>?	

@>	�

;

<
=>>?	

@>	�

;

<
=>>?	

@>	�



 

Monument Academy | El Paso County, CO 
Appendix F 

 

hdrinc.com 5555 Tech Center Drive, Suite 310, Colorado Springs, CO  80919-2371 
(719) 272-8800  

17 

 

 

 

 

Appendix F 
 

 

Calculations 

 

1. Rational Method 

2. Bentley InRoads 

3. FHWA Hydraulic Toolbox Riprap 

4. Permanent Water Quality 



Runoff Coefficients
Corridor / Design Package: Hwy 105 / Monument Academy Computed:  AMV Date:  3/10/2022 UpDated:  6/2/2022

System Name: Monument Academy Checked:  JLS Date:  3/23/2022 UpDated:  6/7/2022

Sub-Basin Data

Basin ID Description
Hydr Soils 

Group

Total 

Area 

(ac)

C5 C10 C100 C5 C10 C100

Area 

(ac)
C5 C10 C100

Area 

(ac)
C5 C10 C100

Area 

(ac)

Existing

A-EX-1 Front Circulation Road D 1.08 0.58 0.64 0.76 0.90 0.92 0.96 0.5939 0.19 0.29 0.52 0.487 0.53 0.57 0.68

A-EX-2 Front of Building(s) D 0.35 0.71 0.74 0.81 0.90 0.92 0.96 0.1656 0.19 0.29 0.52 0.53 0.57 0.68 0.182

A-EX-3 Roof drains to Front D 0.32 0.90 0.92 0.96 0.90 0.92 0.96 0.3191 0.19 0.29 0.52 0.53 0.57 0.68

A-EX-4 Playground D 0.60 0.52 0.56 0.69 0.90 0.92 0.96 0.0840 0.19 0.29 0.52 0.117 0.53 0.57 0.68 0.403

A-EX-5 Front Circulation Road B/D 1.79 0.53 0.59 0.72 0.90 0.92 0.96 0.7151 0.19 0.29 0.52 0.764 0.53 0.57 0.68 0.312

A-EX-6 Upper Parking Lot B 0.43 0.83 0.85 0.90 0.90 0.92 0.96 0.3528 0.12 0.20 0.39 0.49 0.53 0.62 0.077

A-EX-7 Roof drains to Back D 0.57 0.90 0.92 0.96 0.90 0.92 0.96 0.5738 0.19 0.29 0.52 0.53 0.57 0.68

A-EX-8 Channel & undeveloped D 0.81 0.21 0.31 0.53 0.90 0.92 0.96 0.19 0.29 0.52 0.758 0.53 0.57 0.68 0.050

A-EX-9 Athletic field & undeveloped D 0.77 0.24 0.33 0.55 0.90 0.92 0.96 0.0111 0.19 0.29 0.52 0.657 0.53 0.57 0.68 0.097

A-EX-10 Back of School Road D 0.98 0.60 0.65 0.76 0.90 0.92 0.96 0.4488 0.19 0.29 0.52 0.274 0.53 0.57 0.68 0.262

subtotal 7.70 3.2642 3.06 1.38

Proposed

A-0 Front Circulation Road B/D 0.31 0.56 0.62 0.75 0.90 0.92 0.96 0.1616 0.19 0.29 0.52 0.147 0.53 0.57 0.68

A-1 Front Circulation Road D 0.75 0.77 0.81 0.88 0.90 0.92 0.96 0.6208 0.19 0.29 0.52 0.133 0.53 0.57 0.68

A-EX-2 Front of Building(s) D 0.35 0.71 0.74 0.81 0.90 0.92 0.96 0.1656 0.19 0.29 0.52 0.53 0.57 0.68 0.182

A-EX-3 Roof drains to Front D 0.32 0.90 0.92 0.96 0.90 0.92 0.96 0.3191 0.19 0.29 0.52 0.53 0.57 0.68

A-4 Playground D 0.52 0.54 0.58 0.70 0.90 0.92 0.96 0.0719 0.19 0.29 0.52 0.063 0.53 0.57 0.68 0.388

A-5 Front Circulation Road B/D 1.59 0.55 0.61 0.74 0.90 0.92 0.96 0.7092 0.19 0.29 0.52 0.668 0.53 0.57 0.68 0.217

A-6 Upper Parking Lot B 0.42 0.83 0.86 0.90 0.90 0.92 0.96 0.3545 0.12 0.20 0.39 0.49 0.53 0.62 0.070

A-EX-7 Roof drains to Back D 0.57 0.90 0.92 0.96 0.90 0.92 0.96 0.5738 0.19 0.29 0.52 0.53 0.57 0.68

A-8 Infield & Back Circ.Rd. D 0.25 0.29 0.38 0.58 0.90 0.92 0.96 0.0264 0.19 0.29 0.52 0.210 0.53 0.57 0.68 0.018

A-9 Undeveloped & Back Circ.Rd. D 1.05 0.32 0.41 0.60 0.90 0.92 0.96 0.1852 0.19 0.29 0.52 0.834 0.53 0.57 0.68 0.027

A-10 Athletic Field & Ditch D 0.34 0.31 0.39 0.58 0.90 0.92 0.96 0.0115 0.19 0.29 0.52 0.236 0.53 0.57 0.68 0.097

A-11 Back of School & Circ. Rd. D 1.09 0.68 0.72 0.81 0.90 0.92 0.96 0.6097 0.19 0.29 0.52 0.180 0.53 0.57 0.68 0.303

subtotal 7.58 3.8093 2.47 1.00

Composite C Streets (Paved) or Roofs 100% Undeveloped Areas or Parks 7% Business (Neighborhood Area) 70%



Standard Form SF-2 . Storm Drainage System Design (Rational Method Procedure)
Corridor / Design Package: Hwy 105 / Monument Academy Computed:  AMV Date:  3/10/2022

System Name: Monument Academy Checked:  JLS Date:  3/23/2022

Design Storm: 5-yr
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(1) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Front Circulation Road A-EX-1 1.081 0.58 5.00 0.63 4.94 3.10

Front of Building(s) A-EX-2 0.347 0.71 5.00 0.25 4.94 1.21

Roof drains to Front A-EX-3 0.319 0.90 5.00 0.29 4.94 1.42

Playground A-EX-4 0.604 0.52 5.00 0.31 4.94 1.54

Front Circulation Road A-EX-5 1.791 0.53 5.00 0.95 4.94 4.71

Upper Parking Lot A-EX-6 0.430 0.83 5.00 0.36 4.94 1.75

Roof drains to Back A-EX-7 0.574 0.90 5.00 0.52 4.94 2.55

Channel & undeveloped A-EX-8 0.808 0.21 5.00 0.17 4.94 0.84

Athletic field & undeveloped A-EX-9 0.766 0.24 5.00 0.19 4.94 0.92

Back of School Road A-EX-10 0.985 0.60 5.00 0.59 4.94 2.94

Front Circulation Road A-0 0.309 0.56 5.00 0.17 4.94 0.86

Front Circulation Road A-1 0.754 0.77 5.00 0.58 4.94 2.88

Front of Building(s) A-EX-2 0.347 0.71 5.00 0.25 4.94 1.21

Roof drains to Front A-EX-3 0.319 0.90 5.00 0.29 4.94 1.42

Playground A-4 0.523 0.54 5.00 0.28 4.94 1.40

Front Circulation Road A-5 1.594 0.55 5.00 0.88 4.94 4.35

Upper Parking Lot A-6 0.424 0.83 5.00 0.35 4.94 1.74

Roof drains to Back A-EX-7 0.574 0.90 5.00 0.52 4.94 2.55

Infield & Back Circ.Rd. A-8 0.254 0.29 5.00 0.07 4.94 0.36

Undeveloped & Back Circ.Rd. A-9 1.046 0.32 5.00 0.34 4.94 1.68

Athletic Field & Ditch A-10 0.345 0.31 5.00 0.11 4.94 0.53

Back of School & Circ. Rd. A-11 1.093 0.68 5.00 0.74 4.94 3.67

(1) Basin Description linked to C-Value Sheet (7) =Column 4 x Column 5 (13) Sum of Qs

(2) Basin Design Point (not designated) (8) =28.5*P/(10+Column 6)^0.786 (14) Additonal Street Overland Flow

(3) Enter the Basin Name from C Value Sheet (9) =Column 7 x Column 8 (15) Additonal Street Overland Flow

(4) Basin Area linked to C-Value Sheet (10) =Column 6 + Column 21 (16) Design Pipe Flow

(5) Composite C linked to C-Value Sheet (11) Add the Basin Areas (7) to get the combined basin AC (17) Pipe Slope

(6) Time of Concentration linked to C-Value Sheet (12) =28.5*P/(10+Column 10)^0.786 (18) Pipe Size

Basin Area Description

DIRECT RUNOFF TOTAL RUNOFF

SEE INROADS CALCULATIONS 

FOR FLOW ROUTING

SEE INROADS CALCULATIONS 

FOR FLOW ROUTING

REMARKS



Standard Form SF-2 . Storm Drainage System Design (Rational Method Procedure)
Corridor / Design Package: Hwy 105 / Monument Academy Computed:  AMV Date:  3/10/2022

System Name: Monument Academy Checked:  JLS Date:  3/23/2022

Design Storm: 10-yr
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(1) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Front Circulation Road A-EX-1 1.08 0.64 5.00 0.69 6.06 4.17

Front of Building(s) A-EX-2 0.35 0.74 5.00 0.26 6.06 1.55

Roof drains to Front A-EX-3 0.32 0.92 5.00 0.29 6.06 1.78

Playground A-EX-4 0.60 0.56 5.00 0.34 6.06 2.07

Front Circulation Road A-EX-5 1.79 0.59 5.00 1.06 6.06 6.41

Upper Parking Lot A-EX-6 0.43 0.85 5.00 0.37 6.06 2.21

Roof drains to Back A-EX-7 0.57 0.92 5.00 0.53 6.06 3.20

Channel & undeveloped A-EX-8 0.81 0.31 5.00 0.25 6.06 1.50

Athletic field & undeveloped A-EX-9 0.77 0.33 5.00 0.26 6.06 1.55

Back of School Road A-EX-10 0.98 0.65 5.00 0.64 6.06 3.89

Front Circulation Road A-0 0.309 0.62 5.00 0.19 6.06 1.16

Front Circulation Road A-1 0.754 0.81 5.00 0.61 6.06 3.69

Front of Building(s) A-EX-2 0.347 0.74 5.00 0.26 6.06 1.55

Roof drains to Front A-EX-3 0.319 0.92 5.00 0.29 6.06 1.78

Playground A-4 0.5229 0.58 5.00 0.31 6.06 1.85

Front Circulation Road A-5 1.5942 0.608 5.00 0.97 6.06 5.88

Upper Parking Lot A-6 0.4240 0.856 5.00 0.36 6.06 2.20

Roof drains to Back A-EX-7 0.5738 0.920 5.00 0.53 6.06 3.20

Infield & Back Circ.Rd. A-8 0.2541 0.376 5.00 0.10 6.06 0.58

Undeveloped & Back Circ.Rd. A-9 1.0460 0.409 5.00 0.43 6.06 2.59

Athletic Field & Ditch A-10 0.3447 0.390 5.00 0.13 6.06 0.81

Back of School & Circ. Rd. A-11 1.0928 0.719 5.00 0.79 6.06 4.76

(2) Basin Design Point (not designated) (8) =28.5*P/(10+Column 6)^0.786 (14) Additonal Street Overland Flow

(3) Enter the Basin Name from C Value Sheet (9) =Column 7 x Column 8 (15) Additonal Street Overland Flow

(4) Basin Area linked to C-Value Sheet (10) =Column 6 + Column 21 (16) Design Pipe Flow

(5) Composite C linked to C-Value Sheet (11) Add the Basin Areas (7) to get the combined basin AC (17) Pipe Slope

(6) Time of Concentration linked to C-Value Sheet (12) =28.5*P/(10+Column 10)^0.786 (18) Pipe Size

REMARKS

TOTAL RUNOFF

Basin Area Description

DIRECT RUNOFF

SEE INROADS CALCULATIONS 

FOR FLOW ROUTING

SEE INROADS CALCULATIONS 

FOR FLOW ROUTING



Standard Form SF-2 . Storm Drainage System Design (Rational Method Procedure)
Corridor / Design Package: Hwy 105 / Monument Academy Computed:  AMV Date:  3/10/2022

System Name: Monument Academy Checked:  JLS Date:  3/23/2022

Design Storm: 100-yr
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(1) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Front Circulation Road A-EX-1 1.081 0.76 5.00 0.82 10.20 8.40

Front of Building(s) A-EX-2 0.347 0.81 5.00 0.28 10.20 2.88

Roof drains to Front A-EX-3 0.319 0.96 5.00 0.31 10.20 3.12

Playground A-EX-4 0.604 0.69 5.00 0.42 10.20 4.24

Front Circulation Road A-EX-5 1.791 0.72 5.00 1.30 10.20 13.22

Upper Parking Lot A-EX-6 0.430 0.90 5.00 0.39 10.20 3.94

Roof drains to Back A-EX-7 0.574 0.96 5.00 0.55 10.20 5.62

Channel & undeveloped A-EX-8 0.808 0.53 5.00 0.43 10.20 4.37

Athletic field & undeveloped A-EX-9 0.766 0.55 5.00 0.42 10.20 4.27

Back of School Road A-EX-10 0.985 0.76 5.00 0.75 10.20 7.67

Front Circulation Road A-0 0.309 0.75 5.00 0.23 10.20 2.36

Front Circulation Road A-1 0.754 0.88 5.00 0.67 10.20 6.78

Front of Building(s) A-EX-2 0.347 0.81 5.00 0.28 10.20 2.88

Roof drains to Front A-EX-3 0.319 0.96 5.00 0.31 10.20 3.12

Playground A-4 0.523 0.70 5.00 0.37 10.20 3.73

Front Circulation Road A-5 1.594 0.74 5.00 1.18 10.20 11.99

Upper Parking Lot A-6 0.424 0.90 5.00 0.38 10.20 3.91

Roof drains to Back A-EX-7 0.574 0.96 5.00 0.55 10.20 5.62

Infield & Back Circ.Rd. A-8 0.254 0.58 5.00 0.15 10.20 1.50

Undeveloped & Back Circ.Rd. A-9 1.046 0.60 5.00 0.63 10.20 6.42

Athletic Field & Ditch A-10 0.345 0.58 5.00 0.20 10.20 2.04

Back of School & Circ. Rd. A-11 1.093 0.81 5.00 0.88 10.20 9.03

(2) Basin Design Point (not designated) (8) =28.5*P/(10+Column 6)^0.786 (14) Additonal Street Overland Flow

(3) Enter the Basin Name from C Value Sheet (9) =Column 7 x Column 8 (15) Additonal Street Overland Flow

(4) Basin Area linked to C-Value Sheet (10) =Column 6 + Column 21 (16) Design Pipe Flow

(5) Composite C linked to C-Value Sheet (11) Add the Basin Areas (7) to get the combined basin AC (17) Pipe Slope

(6) Time of Concentration linked to C-Value Sheet (12) =28.5*P/(10+Column 10)^0.786 (18) Pipe Size

Basin Area Description

DIRECT RUNOFF TOTAL RUNOFF

REMARKS

SEE INROADS CALCULATIONS 

FOR FLOW ROUTING

SEE INROADS CALCULATIONS 

FOR FLOW ROUTING



Monument IDF Computed:  AMV Date:  1/12/2022

Checked:  JLS Date:  2/2/2022

Time (in/hr)

(min) 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr

5 3.65 4.94 6.06 7.64 8.89 10.20

6 3.45 4.68 5.73 7.23 8.42 9.65

7 3.26 4.41 5.41 6.82 7.94 9.10

8 3.06 4.15 5.08 6.41 7.47 8.56

9 2.87 3.88 4.76 6.00 6.99 8.01

10 2.67 3.62 4.43 5.59 6.52 7.46

11 2.57 3.48 4.27 5.38 6.28 7.18

12 2.47 3.35 4.10 5.17 6.03 6.90

13 2.37 3.21 3.94 4.97 5.79 6.62

14 2.27 3.08 3.77 4.76 5.54 6.34

15 2.17 2.94 3.61 4.55 5.30 6.06

16 2.12 2.88 3.53 4.45 5.19 5.93

17 2.08 2.81 3.45 4.35 5.07 5.80

18 2.03 2.75 3.38 4.25 4.96 5.67

19 1.98 2.69 3.30 4.16 4.84 5.53

20 1.94 2.62 3.22 4.06 4.73 5.40

21 1.89 2.56 3.14 3.96 4.61 5.27

22 1.84 2.50 3.06 3.86 4.50 5.14

23 1.80 2.43 2.99 3.76 4.38 5.01

24 1.75 2.37 2.91 3.66 4.27 4.88

25 1.70 2.31 2.83 3.56 4.15 4.75

26 1.66 2.24 2.75 3.46 4.04 4.62

27 1.61 2.18 2.67 3.37 3.92 4.48

28 1.56 2.12 2.60 3.27 3.81 4.35

29 1.52 2.05 2.52 3.17 3.69 4.22

30 1.47 1.99 2.44 3.07 3.58 4.09

31 1.45 1.96 2.41 3.03 3.53 4.04

32 1.43 1.94 2.37 2.99 3.49 3.99

33 1.41 1.91 2.34 2.95 3.44 3.93

34 1.39 1.88 2.31 2.91 3.39 3.88

35 1.38 1.86 2.28 2.87 3.35 3.83

36 1.36 1.83 2.24 2.83 3.30 3.78

37 1.34 1.81 2.21 2.79 3.25 3.72

38 1.32 1.78 2.18 2.74 3.21 3.67

39 1.30 1.75 2.15 2.70 3.16 3.62

40 1.28 1.73 2.11 2.66 3.11 3.57

41 1.26 1.70 2.08 2.62 3.07 3.51

42 1.24 1.67 2.05 2.58 3.02 3.46

43 1.22 1.65 2.02 2.54 2.97 3.41

44 1.21 1.62 1.98 2.50 2.93 3.36

45 1.19 1.60 1.95 2.46 2.88 3.31

46 1.17 1.57 1.92 2.42 2.83 3.25

47 1.15 1.54 1.88 2.38 2.79 3.20

48 1.13 1.52 1.85 2.34 2.74 3.15

49 1.11 1.49 1.82 2.30 2.69 3.10

50 1.09 1.46 1.79 2.26 2.65 3.04

51 1.07 1.44 1.75 2.22 2.60 2.99

52 1.05 1.41 1.72 2.18 2.55 2.94

53 1.04 1.38 1.69 2.13 2.51 2.89

54 1.02 1.36 1.66 2.09 2.46 2.83

55 1.00 1.33 1.62 2.05 2.41 2.78

56 0.98 1.31 1.59 2.01 2.37 2.73

57 0.96 1.28 1.56 1.97 2.32 2.68

58 0.94 1.25 1.53 1.93 2.27 2.62

59 0.92 1.23 1.49 1.89 2.23 2.57

60 0.90 1.20 1.46 1.85 2.18 2.52

Calculated using NOAA Atlas 14, Volume 8, Version 2

0.00

2.00

4.00

6.00

8.00

10.00

0 10 20 30 40 50 60

R
a

in
fa

ll
 I

n
te

n
si

ty
 (

in
/h

r)

Time  (min)

Monument, CO

IDF Curve

2 Yr

5 Yr

10 Yr

25 Yr

50 Yr

100 Yr



Areas

Drainage Reports

Element Type:  Area

Date:  Friday, June 3, 2022 12:56:48 PM

Drainage Data File:  10y_105_School

Basin ID Inlet ID Peak Flow Area Runoff Coef Intensity Time of Conc

(cfs) (ac) 0 (in/h) (min)

A-EX-1 - 4.17 1.08 0.64 6.06 5

A-EX-2 IN-EX-2 1.55 0.35 0.74 6.06 5

A-EX-3 IN-EX-3 1.78 0.32 0.92 6.06 5

A-EX-4 - 2.07 0.6 0.56 6.06 5

A-EX-5 - 6.41 1.79 0.59 6.06 5

A-EX-6 - 2.21 0.43 0.85 6.06 5

A-EX-7 - 3.2 0.57 0.92 6.06 5

A-EX-8 - 1.5 0.81 0.31 6.06 5

A-EX-9 - 1.55 0.77 0.33 6.06 5

A-0 IN-100 1.16 0.31 0.62 6.06 5

A-1 IN-EX-1 3.69 0.75 0.81 6.06 5

A-4 - 1.85 0.52 0.58 6.06 5

A-5 IN-EX-5 5.88 1.59 0.61 6.06 5

A-6 IN-EX-6 2.2 0.42 0.86 6.06 5

A-8 P-108 0.58 0.25 0.38 6.06 5

A-9 - 2.59 1.05 0.41 6.06 5

A-10 - 0.81 0.34 0.39 6.06 5

Number of items reported:  17

 

BENTLEY INROADS REPORT - 10 YEAR PROPOSED



Inlets

Drainage Reports

Element Type:  Inlet

Date:  Friday, June 3, 2022 1:44:43 PM

Drainage Data File:  10y_105_School

ID Type InletClass GrateLen GrateWid Location VaultShape Clogging Bypass To Bypass Flow Inlet Depr Spread

(ft) (ft) (%) (cfs) (in) (ft)

IN-100 Curb Opening TYPE R 5 0 On-Grade Box 30 IN-EX-1 0.22 3 2.784

IN-EX-1 Curb Opening TYPE R 5 0 Sump Box 30 N/A 0 3 4.694

IN-EX-2 Grate Grate 1.33 1.33 On-Grade Box 30 IN-EX-3 0.85 0 5.43

IN-EX-3 Grate Grate 1.33 1.33 On-Grade Box 30 IN-EX-4 1.57 0 6.273

IN-EX-4 Grate Grate 1.33 1.33 On-Grade Box 30 IN-EX-7 0 0 0

IN-EX-5 Curb Opening TYPE R 5 0 Sump Box 30 N/A 0 3 6.229

IN-EX-6 Curb Opening TYPE R 5 0 On-Grade Box 30 IN-EX-5 0.55 3 3.092

IN-EX-7 Grate Grate 1.33 1.33 On-Grade Box 30 - 0 0 0

                                                                                                                                                

Number of items reported:  8

 



Manholes

Drainage Reports

 

Element Type:  Manhole

Date:  Friday, June 3, 2022 1:44:58 PM

Drainage Data File:  10y_105_School

Manhole ID Shape Rim Width Length Type Total Flow Headloss

(ft) (ft) (ft) (cfs) (ft)

MH-102 Circular 7077.2 4 4 13.28 0 0

MH-EX-1 Circular 7094.69 4 4 5.31 0 0

MH-EX-2 Circular 7094.17 4 4 13.36 0 0

MH-EX-3 Box 7083.93 3 6 13.36 0 0

UD-C-1 Circular 7077.19 0.5 0.5 0 0 0

UD-C-2 Circular 7078.99 0.5 0.5 0 0 0

                                                                                                                

Number of items reported:  6

 



Pipes

Drainage Reports

 

0

0

Element Type:  Pipe

0

Date:  Friday, June 3, 2022 1:45:27 PM

0

Drainage Data File:  10y_105_School

0

Pipe ID U/S ID D/S ID Material Mannings n Height Width Length Invert In Invert Out Slope Total Flow Capacity Velocity Flow Depth U/S HGL D/S HGL U/S EGL D/S EGL Headloss

0 0 0 0 0 (in) (in) (ft) (ft) (ft) (%) (cfs) (cfs) (ft/s) (ft) (ft) (ft) (ft) (ft) (ft)

P-101 IN-100 IN-EX-1 RCP 0.013 18 18 39.35 7088.85 7087.08 4.5 0.94 22.28 6.24 0.21 7089.06 7087.29 7089.66 7087.89 0

P-102 MH-102 FREE_EXT RCP 0.013 24 24 20.54 7068.21 7068 1 13.14 22.62 7.46 1.09 7069.3 7069.09 7070.16 7069.96 0

P-104 P-EX-19 FREE_EXT RCP 0.013 18 18 20.78 7069.58 7068.4 5.67 0 0 0 0 0 0 0 0 0

P-108 FREE_ENT FREE_EXT RCP 0.013 18 18 61.5 7071.33 7068.36 4.83 0.58 23.09 5.51 0.16 7071.49 7068.52 7071.96 7068.99 0

P-EX-1 IN-EX-1 P-EX-3 RCP 0.013 24 24 45.85 7085.67 7085.44 0.5 4.8 16 4.45 0.75 7086.42 7086.19 7086.72 7086.49 0

P-EX-2 IN-EX-2 P-EX-3 RCP 0.013 12 12 18.74 7086 7085.44 3 0.7 6.17 5.19 0.23 7086.23 7086.11 7086.64 7086.53 0

P-EX-3 Y_JUNCT P-EX-4 RCP 0.013 24 24 113.1 7085.44 7084.88 0.5 5.44 16 4.6 0.8 7086.24 7085.69 7086.57 7086.02 0

P-EX-4 P-EX-3 P-EX-5 RCP 0.013 24 24 14.51 7084.88 7084.81 0.5 5.32 16 4.57 0.79 7085.68 7085.61 7086 7085.93 0

P-EX-5 P-EX-4 MH-EX-1 RCP 0.013 24 24 20.39 7084.81 7084.71 0.5 5.31 16 4.57 0.79 7085.6 7085.5 7085.93 7085.83 0

P-EX-6 MH-EX-1 P-EX-8 RCP 0.013 24 24 34.81 7083.7 7083.53 0.5 5.28 16 4.56 0.79 7084.49 7084.32 7084.81 7084.64 0

P-EX-7 IN-EX-3 P-EX-8 RCP 0.013 12 12 37.48 7089.65 7083.53 16.34 1.04 14.4 10.58 0.18 7089.83 7084.24 7091.57 7085.98 0

P-EX-8 Y_JUNCT P-EX-9 RCP 0.013 24 24 45.39 7083.53 7083.31 0.5 6.23 16 4.77 0.87 7084.39 7084.17 7084.75 7084.53 0

P-EX-9 P-EX-8 P-EX-10 RCP 0.013 24 24 41.07 7083.31 7083.1 0.5 6.18 16 4.76 0.86 7084.17 7083.97 7084.52 7084.32 0

P-EX-10 P-EX-9 P-EX-13 RCP 0.013 24 24 97.41 7083.1 7082.62 0.5 6.14 16 4.75 0.86 7083.96 7084.25 7084.31 7084.6 0

P-EX-11 IN-EX-4 IN-EX-5 RCP 0.013 12 12 29.39 7088.18 7087.06 3.81 0 0 0 0 0 0 0 0 0

P-EX-12 IN-EX-5 P-EX-13 RCP 0.013 18 18 12.76 7083.97 7082.62 10.6 6.41 34.21 3.63 1.5 7087.14 7086.8 7087.34 7087.29 0.05

P-EX-13 Y_JUNCT MH-EX-2 RCP 0.013 24 24 41.79 7082.62 7082.41 0.5 11.94 16 5.58 1.29 7084.25 7084.03 7084.73 7084.51 0.22

P-EX-14 IN-EX-6 P-EX-15 RCP 0.013 18 18 64.8 7105.07 7095.48 14.8 1.64 40.41 11.13 0.21 7105.28 7095.69 7107.2 7097.61 0

P-EX-15 P-EX-14 MH-EX-2 RCP 0.013 18 18 67.78 7095.48 7085.31 15 1.63 40.68 11.23 0.2 7095.68 7085.52 7097.64 7087.48 0

P-EX-16 MH-EX-2 MH-EX-3 RCP 0.013 24 24 61.12 7081.41 7080.55 1.4 13.36 26.77 8.52 1 7082.41 7081.55 7083.53 7082.68 0

P-EX-17 IN-EX-7 MH-EX-3 RCP 0.013 12 12 30.8 7081.02 7077.94 10 0 0 0 0 0 0 0 0 0

P-EX-18 MH-EX-3 P-102 RCP 0.013 24 24 127.81 7075.38 7072.83 2 13.28 31.99 9.7 0.9 7076.28 7073.73 7077.74 7075.19 0

P-EX-19 FREE_ENT P-104 RCP 0.013 18 18 60.34 7070.79 7069.58 2 0 0 0 0 0 0 0 0 0

UD-P-2 UD-C-2 FREE_EXT PVC 0.009 6 6 46.07 7070.41 7069.72 1.5 0 0 0 0 0 0 0 0 0

UD-P-1A UD-C-1 UD-P-1B PVC 0.009 6 6 5.41 7070.97 7070.89 1.5 0 0 0 0 0 0 0 0 0

UD-P-1B UD-P-1A UD-P-1C PVC 0.009 6 6 27 7070.89 7070.49 1.5 0 0 0 0 0 0 0 0 0

UD-P-1C UD-P-1B UD-C-2 PVC 0.009 6 6 5.41 7070.49 7070.41 1.5 0 0 0 0 0 0 0 0 0

0

                                                                                                                                                                                                                           

0

Number of items reported:  27



Hydraulic Analysis Report 

Project Data 

   Project Title:  Monument Academy    

   Designer:     

   Project Date:  Friday, June 3, 2022   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Channel Analysis: Channel Analysis  

Notes:   

Input Parameters  

Channel Type:  Triangular 

Side Slope 1 (Z1): 3.0000 ft/ft  

Side Slope 2 (Z2): 3.0000 ft/ft  

Longitudinal Slope: 0.1905 ft/ft  

Manning's n:  0.0727  

Lining Type:  Rock Riprap - 300 mm (12-inch) 

Flow: 2.5900 cfs  

Result Parameters  

Depth: 0.5018 ft  

Area of Flow: 0.7555 ft^2  

Wetted Perimeter: 3.1738 ft  

Hydraulic Radius: 0.2380 ft  

Average Velocity: 3.4283 ft/s  

Top Width: 3.0109 ft  

Froude Number:  1.2061  

Critical Depth: 0.5409 ft  

Critical Velocity: 2.9510 ft/s  

Critical Slope: 0.1277 ft/ft  

Critical Top Width: 3.25 ft  

Calculated Max Shear Stress: 5.9653 lb/ft^2  

Calculated Avg Shear Stress: 2.8296 lb/ft^2  



 Channel Lining Analysis: Channel Lining Design Analysis   

   Notes:    

 Lining Input Parameters   

   Channel Lining Type: Riprap, Cobble, or Gravel   

 D50: 1 ft   

 Riprap Specific Weight: 165 lb/ft^3   

 Water Specific Weight: 62.4 lb/ft^3   

 Riprap Shape is Angular   

 Safety Factor: 1   

 Calculated Safety Factor: 1.32551   

 Lining Results   

 Angle of Repose: 41.7 degrees   

 Relative Flow Depth: 0.250733 ft   

 Manning's n method: Bathurst   

 Manning's n: 0.0726643   

 Channel Bottom Shear Results   

 V*: 1.75387   

 Reynold's Number: 144114   

 Shield's Parameter: 0.114023   

 shear stress on channel bottom: 5.96103 lb/ft^2   

 Permissible shear stress for channel bottom: 8.83223 lb/ft^2   

 channel bottom is stable   

 Stable D50: 0.894612 ft   

 Channel Side Shear Results   

 K1: 0.868   

 K2: 1   

 Kb: 1.05   

 shear stress on side of channel: 5.96103 lb/ft^2   

 Permissible shear stress for side of channel: 8.83223 lb/ft^2   

Stable Side D50: 0.776523 lb/ft^2 



 side of channel is stable   

 Channel Bend Shear Results   

 Curvature Radius: 39 ft   

No further correction will occur once R/T > 10 

 shear stress on bottom of channel in bend: 6.25909 lb/ft^2   

 bottom of bend of the channel is stable   

 Length of Protection beyond PT: 1.54603 ft   

 Additional Freeboard required because of Superelevation: 0.0282626 ft   

 Channel Bend Side Shear Results   

 shear stress on side of channel in bend: 5.43289 lb/ft^2   

 The side of the bend of the channel is stable   

 Channel Lining Stability Results   

 the channel is stable   

 Channel Summary   

 Name of Selected Channel: Channel Analysis   
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Worksheet Unprotected

 Sheet 1 of 1

Designer:

Company:

Date:

Project:

Location:

SITE INFORMATION (User Input in Blue Cells)

WQCV Rainfall Depth 0.43 inches

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

Area Type DCIA UIA:RPA UIA:RPA UIA:RPA

Area ID Front (B,C) D1 E1 D2

Downstream Design Point ID 102-Out F1 F2,F3 F4

Downstream BMP Type None None None None

DCIA (ft
2
) 14,377 -- -- --

UIA (ft
2
) -- 1,294 7,783 7,098

RPA (ft
2
) -- 4,894 11,481 19,324

SPA (ft
2
) -- -- -- --

HSG A (%) -- 0% 0% 0%

HSG B (%) -- 0% 0% 0%

HSG C/D (%) -- 100% 100% 100%

Average Slope of RPA (ft/ft) -- 0.100 0.100 0.100

UIA:RPA Interface Width (ft) -- 105.00 200.00 200.00

CALCULATED RUNOFF RESULTS

Area ID Front (B,C) D1 E1 D2

UIA:RPA Area (ft
2
) -- 6,188 19,264 26,422

L / W Ratio -- 0.56 0.48 0.66

UIA / Area -- 0.2091 0.4040 0.2686

Runoff (in) 0.33 0.00 0.00 0.00

Runoff (ft
3
) 395 0 0 0

Runoff Reduction (ft
3
) 0 36 214 195

CALCULATED WQCV RESULTS

Area ID Front (B,C) D1 E1 D2

WQCV (ft
3
) 599 54 324 296

WQCV Reduction (ft
3
) 204 54 324 296

WQCV Reduction (%) 34% 100% 100% 100%

Untreated WQCV (ft
3
) 395 0 0 0

CALCULATED DESIGN POINT RESULTS (sums results from all columns with the same Downstream Design Point ID)

Downstream Design Point ID 102-Out F1 F2,F3 F4

DCIA (ft
2
) 14,377 0 0 0

UIA (ft
2
) 0 1,294 7,783 7,098

RPA (ft
2
) 0 4,894 11,481 19,324

SPA (ft
2
) 0 0 0 0

Total Area (ft
2
) 14,377 6,188 19,264 26,422

Total Impervious Area (ft
2
) 14,377 1,294 7,783 7,098

WQCV (ft
3
) 599 54 324 296

WQCV Reduction (ft
3
) 204 54 324 296

WQCV Reduction (%) 34% 100% 100% 100%

Untreated WQCV (ft
3
) 395 0 0 0

CALCULATED SITE RESULTS (sums results from all columns in worksheet)

Total Area (ft
2
) 66,251

Total Impervious Area (ft
2
) 30,552

WQCV (ft
3
) 1,273

WQCV Reduction (ft
3
) 878

WQCV Reduction (%) 68.9%

Untreated WQCV (ft
3
) 395

Monument Academy

Design Procedure Form:  Runoff Reduction                

A.Vance / EVS

HDR

June 28, 2023

Monument Academy

UD-BMP (Version 3.07, March 2018)


