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David P. Hellbusch Date
Owner
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Final
Dramage
Report

The purpose of this Final Drainage Report is to identify drainage patterns and quantities within and
affecting the proposed Monument Small Engine Storage site. This land use application is an
amendment to a prior site development plan approved August 23, 2018 by El Paso County Planning
and Community Development. This revised amended drainage report is in support of a site plan
approval for the 2018 rezone application to allow outdoor RV storage on the property. The report will
“identify specific solutions to problems on-site and off-site resulting from the proposed project. The
report and included maps present results of hydrologic and drainage facilities analyses. The report
will discuss the recommended drainage improvements to the site and identify drainage requirements
relative to the proposed project. This report has been prepared and submitted in accordance with
the requirements of the El Paso County development approval process. An Appendix is included
with this report with pertinent calculations and graphs used in the drainage analyses and design.

1 General Location and Description

1.1 Location

The proposed Monument Small Engine Storage site is located within the southwest one-quarter of
the northeast one-quarter of Section 15, Township 11 South, Range 67 west of the 6th principal
meridian in El Paso County, Colorado. The 3.89% acre site is situated north of the intersection of
Mitchell Avenue and Monument Lake Road. The site is generally west of the Denver & Rio Grand
Railroad, north of Monument Lake Road at Mitchell Avenue. The site contains an existing business
using the address of 137 N. Monument Lake Road. The El Paso County Assessor's Schedule
Number for the site is 711510008. The proposed site has never been platted. A Vicinity Map is
included in the Appendix.

The south edge of the site is adjacent to an unplatted parcel containing a single-family residence and
zoned PRD (Planned Residential Development). This parcel is located in the Town of Monument
and separates the site from Monument Lake Road (60" R.O.W.) which is located along the south
edge of the parcel. Mount Herman RV Storage Subdivision, located along the east side of the site, is
located within the Town of Monument, is zoned PID (Planned Industrial Development) and contains
an RV storage business. Unplatted and undeveloped property, located within EI Paso County and
zoned RR-5 (Residential Rural), lies north of the site. Unplatted property zoned RR-5 and containing
a single family residence is located adjacent to the east side of the site.

Crystal Creek, a tributary to Monument Creek, flows northeast to southwest through the adjacent
property to north. The site is located in El Paso County's Crystal Creek Drainage Basin.

1.2 Description of Property

The Monument Small Engine Storage site 3.89+ acres and is zoned CS (Commercial Service). The
property is the location of a business with an existing shop, garage building, shed, gravel drives and
parking areas, mostly concentrated at the southeast portion.

The site has been used for many years as an equipment and engine repair shop with an approved
Variance of Use from El Paso County. A past use of the site has been as a plant and tree nursery
with green house buildings, gravel drives and open space. Terraced railroad tie retaining walls are



2 Final Drainage Report

located in the western portion of the site. A gravel parking area is located in the northeastern
portion. A gravel access drive formerly ran through the site from north to south that is also used to
serve the adjacent residence. The access easement has been vacated (Reception No. 219109534)
and this gravel drive is no longer used to access the adjacent property. Ground cover in the non
gravel areas is typically native grasses and weeds with sparse trees and shrubs scattered. The
condition of the ground cover on the site varies from poor to good, depending on location within the
site. Former drive areas are relatively bare, but the nursery areas are in good condition. Access to
the site is via one point off of North Monument Lake Road from the south. Power poles and lines are
also located near and through the site.

The site slopes generally from east to west with grades ranging from 1% to 6% with intermittent walls
or short terraces. The lowest point on the site is the southwester corner. An existing stormwater
quality pond exists on the adjacent property on the east which outfalls onto the site near the eastern
boundary in the center. An existing 12” CMP culvert discharges from the pond into the site and the
outflow is intercepted by a shallow ditch, which directs the flows to the northwest corner and then
offsite. No significant drainageways flow through the site and no significant drainage improvements
or drainage facilities currently exist on the site.

According to the National Resource Conservation Service, the soil in the area of the Monument
Small Engine Storage site consists of Tomah-Crowfoot loamy sand (map unit 92). The soil is deep
and well drained. Permeability is moderately rapid, surface runoff is slow, and the hazard of erosion
is slight to moderate. Tomah-Crowfoot loamy sand is classified as being part of Hydrologic Soil
Group B. A portion of the Soil Map and data tables from the National Cooperative Soil Survey and
relevant Official Soil Series Descriptions (OSD) are included in the Appendix.” 2

There are no major drainageways in the Monument Small Engine Storage site. However, Crystal
Creek is located to the north of the site. Crystal Creek drains into Monument Reservoir and is
tributary to Monument Creek.

The current Flood Insurance Study of the region includes Flood Insurance Rate Maps (FIRM),
effective on December 7, 2018.2> The proposed subdivision is included in two Community Panels
Numbered 08041C0276 G of the Flood Insurance Rate Maps for the El Paso County. No part of the
site is shown to be included in a 100-year flood hazard area as determined by FEMA. A portion of
the current FEMA Flood Insurance Rate Maps with the site delineated is included in the Appendix.

2 Drainage Basins and Sub-Basins

2.1 Major Basin Descriptions

The Monument Small Engine Storage site is located in the Crystal Creek Drainage Basin
(FOFO5300) of the Fountain Creek Major Drainage Basin (FO). This basin drains to Monument
Creek. The Dirty Woman Creek and Crystal Creek Drainage Basin Planning Study provides
development recommendations and requirements for drainage development in the Crystal Creek
Drainage Basin (DBPS).* The Crystal Creek Drainage Basin encompasses a part of the northwest
portion of the Town of Monument and extends to the north and east. The drainage basin and Crystal
Creek drains southwest into Monument Creek. The Monument Small Engine Storage site is located
east of Crystal Creek as it flows offsite towards Monument Creek . The site is located in sub-basin
CC 185, upstream of Design Point 185 of the Drainage Basin Planning Study. The closest drainage
improvements that the study recommends is offsite at the Monument Lake Road crossing of Crystal
Creek. No other improvements are recommended on or near the project site. A copy of a portion of
the “Drainage Area Identification Study”® map, showing the site location within the Basin is
included in the Appendix. The proposed Monument Small Engine Storage project is in conformance
with the DBPS.

WSS
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2.2 Other Drainage Reports

The adjacent property in the east was studied as detailed in the report “Final Drainage Report, Mount
Herman RV Storage Subdivision, Town of Monument Colorado” by M.V.E., Inc. dated January 30,
2014.* The Mount Herman report establishes the offsite basin conditions to the east, including the
existing storm water quality sand filter basin. The offsite basin and pond were re-evaluated in the
report “Final Drainage Report, Monument Small Engine Storage” by M.V.E., Inc. dated June 15,
2018 using the current drainage criteria adopted by the County and those updated results are
included in this revised Monument Small Engine Storage drainage report.

2.3 Sub-Basin Description

The existing drainage patterns of the Monument Small Engine Storage are described by two on-site
drainage basins and one offsite basin. All of these basins are previously disturbed or developed to a
degree as described below. All existing basin delineations and data are depicted on the attached
Existing Drainage Map.

2.3.1 Existing Drainage Patterns (Off-Site)

Existing off site sub-basin OSA1 is located to the east of the site, containing the developed Lot 1
Mount Herman RV Storage Subdivision with existing RV storage area, pond area, landscape area
and railroad right-of-way. The basin drains to the existing water quality pond and then into the site
by way of an exiting 12" CMP pipe from the pond along with the pond spillway located on the
property line. This flow enters the onsite basin A1 and continues through the site.

2.3.2 Existing Drainage Patterns (On-Site)

The site generally drains to the west, but contains a gravel drive and ditch that drains to towards the
northwest corner of the site. The northeast portion of the site, combined with flows from off-site
Basin OSA1 drain towards the northwest corner of the site. The remaining potion of the site drains
west towards the site's western boundary.

Existing sub-basin A1 is located in the northeastern portion of the site and contains some gravel
parking area and slope leading to the existing ditch and gravel drive. The existing 12” CMP from
offsite Basin OSA1 outfalls into Basin A1. All flows from Basin A1 exit the site at the southwest
corner into the adjacent site to the west, which is also owned by the owner of the adjacent property
to the east. These flows continue west through the adjacent properties to Crystal Creek.

Existing sub-basin A2 is also located in the northeastern portion of the site, just south of sub-basin
A1. The sub-basin contains gravel drive, leach field area, and pasture/meadow. All flows from sub-
basin A2 exit the site at the west property line. The western adjacent property is owned by the owner
of the adjacent property to the east. These flows continue west through the adjacent property and
into Crystal Creek.

Existing sub-basin B1 is located on the southerly and westerly portion of the site, containing the
existing shop, garage, and shed buildings, paved parking and walk areas, gravel drive and parking
areas and open meadow areas with tiered railroad tie walls. The previously existing greenhouse
buildings in this basin have been removed. The flows generated by this basin drain to the west and
exit the site by sheet flow into the adjacent site to the west. These flows continue west through the
adjacent properties to Crystal Creek. All flows from the site eventually enter Monument Reservoir
and then Monument Creek.

3 Drainage Design Criteria

3.1 Development Criteria Reference

This Final Drainage Report for Monument Small Engine Storage has been prepared according to the
report guidelines presented in the latest edition of E/ Paso County Drainage Criteria Manual (DCM)’.

6  Mount Herman FDR
7 DCM Section 4.3 and Section 4.4
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The County has also adopted portions of the City of Colorado Springs Drainage Criteria Manual
Volumes 1 and 2, especially concerning the calculation of rainfall runoff flow rates.® ° The hydrologic
analysis is based on a collection of data from the DCM, the NRCS Web Soil Survey', Existing
topographic data by Cornerstone Surveying, and proposed site plan by RMJ Designs.

3.2 Hydrologic Criteria

For this Final Drainage Report, the Rational Method as described in the Drainage Criteria Manual
has been used for all Storm Runoff calculations, as the development and all sub-basins are less than
130 acres in area. “Colorado Springs Rainfall Intensity Duration Frequency” curves, Figure 6-5 in
the DCM, was used to obtain the design rainfall values; a copy is included in the Appendix. The
“Overland (Initial) Flow Equation” (Eg. 6-8) in the DCM, and Manning's equation with estimated
depths were used in time of concentration calculations. “Runoff Coefficients for Rational Method”,
Table 6-6 in the DCM, was utilized as a guide in estimating runoff coefficient and Percent Impervious
values; a copy is included in the Appendix. Peak runoff discharges were calculated for each
drainage sub-basin for both the 5-year storm event and the 100-year storm event with the Rational
Method formula, (Eq. 6-5) in the DCM.""

The “Water Quality Control Volume procedure, Section 3.2.3 of the Urban Drainage and Flood
Control District Drainage Criteria Manual, Volume 3 (UDFCD)" "*method was used for water quality
volume calculations with the aid of the “UD-BMP_v3.06” spreadsheet developed by the Urban
Drainage and Flood Control District. Storm routing calculation through the proposed water quality
basin was performed using triangular hydrographs based on the rational method peak discharges
and times of concentrations with the aid of the detention design spreadsheet, “UD-Detention_v3.07”,
developed by the Urban Drainage and Flood Control District.

4 Drainage Facility Design

4.1 General Concept

The intent of the drainage concept presented in this Final Drainage Report is to maintain the existing
drainage patterns on the site while addressing water quality requirements for the site. Major and
minor storm flows will continue to be safely conveyed through the site and downstream.

The existing and proposed drainage hydrologic conditions are described in more detail below. Input
data and results for all calculations are included in the Appendix. Drainage maps for the hydrology
are also included in the Appendix.

4.2 Specific Details

4.2.1 Existing Hydrologic Conditions

The off-site drainage area east of the site, Basin OSA1, contains the existing RV storage area, pond
area, landscape area and railroad right-of-way. The sub-basin is 4.05 acres in area and drains
westerly and into the existing offsite water quality pond. Basin OSA1 generates peak storm runoff
discharges of Qs = 7.6 cfs and Qi = 16.6 cfs (existing flows) which enter the pond, which is a full-
infiltration type Sand Filter basin. The Water Quality Capture Volume (WQCYV) is captured and
percolates into the ground. Runoff greater than the WQCV from the existing pond discharges into
the site by way of the 12" CMP and emergency spillway with peak flows of Qs = 2.8 cfs and Qg =
12.1 cfs (existing flows), which enter the site into sub-basin A1. In the 100 year rainfall event,
approximately 4.4 cfs exits the pond from the existing 12” CMP and is discharged onto the site, while
approximately 7.7 cfs exits through the emergency spillway crest and into the site. Once in the site,
these flows continue to drain to the northwest corner.

8 CSDCM Vol 1
9 CSDCM Vol 2
10 WSS

11 DCM

12 UDFCDV.2
13 UDFCDV.3

14 UDFCD
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The stated flows entering the site from sub-basin OSA1 are an existing condition which is greater
than flows from a pre-developed condition. However, this site and the easterly offsite property was
previously used for many years as a landscape nursery with significant areas dedicated to
greenhouse buildings and landscape operations characterized with packed gravel drives and
material storage. In the current condition, the greenhouse buildings have been removed and storage
areas are gone. The current offsite condition with recycled asphalt surface is not significantly
different than the previously existing (at least 38 years) with greenhouses and compacted gravel.
The developed flows from the sub-basin OSA1 travel through the site and enters Crystal Creek
located approximately 250 feet northwest of the site. The Crystal Creek Basin extends more than
two miles to the north of the site with a contributing area of more than 550 acres upstream of the site.
The peak flows from off-site sub-basin OSA1, along with the on-site flows discussed below, reach
Crystal Creek and pass downstream well before the peak discharges of the much larger basin travel
by the area. The small increase flows have no effect on peak flows in Crystal Creek and do not
present a hazard to the downstream properties, drainage basin, or drainageways.

Existing sub-basin A1 is 1.42 acres in area located on the northern portion of the site and contained
a gravel drive and meadow area. The sub-basin accepts the offsite flows from sub-basin OSA1 as
described above. Sub-basin A1 produces peak discharges of Qs = 0.7 cfs and Qi = 3.4 cfs
(existing flows) which drain westerly to the existing gravel drive and ditch, joining the off-site flows
from Basin OSA1. The combined flows of Qs = 3.5 cfs and Qe = 15.5 cfs (existing flows) continue
towards the northwest corner of the site to existing Design Point 1 (DP1). The flows continue
westerly offsite, through the adjacent property and into Crystal Creek.

Existing sub-basin A2, located in the northwestern portion of the site and just south of sub-basin A1,
is 0.32 acres in area. Sub-basin A2 contains a gravel drive, leach field and meadow/pasture area.
Peak storm runoff rates are Qs = 0.2 cfs and Q1 = 1.0 cfs (existing flows) which drain westerly into
the adjacent property, in a combination of sheet flow and an area of concentrated flow in the
southwest edge of the basin. The concentrated flow occurs in an existing swale flowing to the west
through the adjacent property towards Crystal Creek. Flows from existing Design Point 1 also flow
into this swale. The combined discharges of Design Point 1 and sub-basin A2 are Qs = 3.7 cfs and
Q10 = 16.3 cfs (existing flows). The flows continue westerly offsite, through the adjacent property
and into Crystal Creek.

Existing sub-basin B1 (2.15 acres) is comprised of the southerly and westerly portion of the site and
contains the existing shop, garage, and shed buildings, paved parking and walk areas, gravel drive
and parking areas and open meadow areas with tiered railroad tie walls. The sub-basin generates
flows of Qs = 2.0 cfs and Qe = 6.1 cfs (existing flow), which drains westerly and exit the site by
sheet flow into the adjacent property. These flows, along with the flows from existing DP1 and sub-
basin A2, continue offsite to Crystal Creek and into Monument Reservoir and Monument Creek as
described in Section 2.3 above.

The Existing Drainage Map depicts the existing topographic mapping, drainage basin delineations,
drainage patterns, existing drives, drainage facilities, and runoff quantities with a data table including
drainage areas and flow rates.

4.2.2 Proposed Hydrologic Conditions

Water quality treatment for the new disturbed and impervious areas on the site will be provided by a
proposed Sand Filter Basin which will capture, contain, treat and release the Water Quality Capture
Volume (WQCV). No detention for flood control is being provided because the downstream effects
of the minor increases in peak flow rates are negligible. Several greenhouse buildings have been
removed from the site in recent months and additional buildings are to be removed in the proposed
site plan. This building removal partially offsets the additional parking areas on the site. The parking
area surface is not completely impervious, but rather compacted recycled asphalt material or gravel,
which allows a degree of perviousness on the site. Additionally, the developed flows from the offsite
and onsite sub-basins travel through the site and enters Crystal Creek located approximately 250
feet northwest of the site. The Crystal Creek Basin extends more than two miles to the north of the
site with a contributing area of more than 550 acres upstream of the site. The peak flows from off-
site sub-basin OSA1, along with the on-site flows discussed below, reach Crystal Creek and pass



6 Final Drainage Report

downstream well before the peak discharges of the much larger basin travel by the area. The small
increase flows have no effect on peak flows in Crystal Creek and do not present a hazard to the
downstream properties, drainage basin, or drainageways and no storm detention is required in
addition to the WQCV.

The off-site drainage basin, OSA1 (4.05 acres), will continue to drain into the site as in existing
conditions. The discharges entering the site from the existing offsite water quality pond are Qs = 2.8
cfs and Qi = 12.1 cfs (proposed flow) which enter proposed onsite sub-basin A2. The existing pond
discharges into the site by way of the 12" CMP and emergency spillway with peak flows of Qs = 2.8
cfs and Qi = 12.1 cfs (existing flows), which enter the site into sub-basin A2. In the 100 year
rainfall event, approximately 4.4 cfs exits the pond from the existing 12” CMP and is discharged onto
the site, while approximately 7.7 cfs exits through the emergency spillway crest and into the site.
Once in the site, these flows continue to drain to the northwest corner.

Proposed sub-basin A1 (0.51 acres) is comprised of a portion of the south side of site. The sub-
basin will contain the proposed new shop building and recycled asphalt product parking surface.
The existing garage and shed will be removed and the existing gravel drive will be reconfigured. A
concrete sidewalk will also be installed adjacent to the building on two sides. The developed
discharges from sub-basin A1 are Qs = 0.9 cfs and Qi = 2.0 cfs (proposed flows). These flows
travel overland to the northwest and will be directed by new drainage swale on the west and north
sides of the new building to a new 8” hdpe pipe at Design Point (DP1) to the northeast and enter the
ditch/swale in sub-basin A2.

Proposed sub-basin A2 (1.97 acres) will be more developed with RV parking area and the parking
surface will be stabilized with recycled asphalt product. The sub-basin will continue to accept the off-
site flows from sub-basin OSA1 to the east. These flows will continue to be conveyed in the existing
drainage ditch/swale located along the east edge of the existing gravel drive. This ditch/swale will be
reshaped. The developed discharges generated by sub-basin A2 are Qs = 4.3 cfs and Q1o = 9.2 cfs
(proposed flow), which drains westerly to the existing ditch/swale and combine with the off-site flows
from sub-basin OSA1 and the pipe flow from sub-basin A1 until reaching the northwest corner of the
site at Design Point 2 (DP2). The combined discharges at Design Point 2 (DP2) are Qs = 7.4 cfs and
Quoo = 22.0 cfs (proposed flow). These flows will enter the proposed water quality sand filter basin
(WQSF) to be located in the northwest corner of the site.

Proposed sub-basin A3 (0.42 acres) will be more developed with RV parking area and the parking
surface will be stabilized with recycled asphalt product. These flows will be directed to the north by a
proposed berm and ditch/swale to be constructed along the west side of the existing gravel drive.
The developed discharges generated by sub-basin A3 are Qs = 0.9 cfs and Q1o = 2.0 cfs (proposed
flow), which drains northerly and will enter the proposed WQSF basin to be located in the northwest
corner of the site.

The proposed WQSF basin (DP3) will be 2,134 cubic feet in volume and have a sand surface area of
1,322 square feet. The proposed water quality basin will have an underdrain with metered outfall, a
18” hdpe outfall pipe and a 17' wide emergency spillway stabilized with rip-rap lining. Outflows from
the pond are Qs = 5.0 cfs and Qi = 18.1 cfs (proposed flow). In the minor storm event (5-year),
approximately 2.0 cfs exits the pond from the 18” standpipe inlet located just above the WQCV
elevation in the pond and the remaining 3.0 cfs exits by way of the emergency spillway. In the 100-
year rainfall event, approximately 2.8 cfs exits the pond from the 18” standpipe inlet located just
above the WQCYV elevation in the pond and the remaining 15.3 cfs exits by way of the emergency
spillway. Pond outflows will be discharged to a culvert and swale in sub-basin A4. The outflows will
be spread and evenly distributed as sheet flow before exiting the west site boundary by a riprap lined
spreading depression.

Proposed sub-basin A4 consist of primarily undisturbed pasture/meadow with the addition of a swale
directing the flows from the WQSF basin to the south and into a rip rap lined spreading depression
and berm that will force the flow to sheet over a wide area reducing velocities depth at the property
line and is a suitable outfall of the pond outflows. The developed discharges generated by sub-basin
A4 are Qs = 0.3 cfs and Qq00 = 2.2 cfs (proposed flow), combine with the flows from the WQCV pond
at Design Point 3 (DP3). The combined discharges at Design Point 4 (DP4) are Qs = 5.3 cfs and
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Qo0 = 20.3 cfs (proposed flow). This represents a decrease in flows from the existing conditions of
0.4 cfs in the 100-year event and 2.3 cfs in the 100-year event. These flows will continue westerly
through the adjacent property and flow towards Crystal Creek, the same manner as existing
conditions. The existing stable flow path through the adjacent site is adequate to carry the existing
and developed flows. Flow velocities in the existing flow path are not erosive and require no special
lining. Hydraulic analysis the downstream flow path is included in then appendix. The flow path
delivers the flows west to Crystal Creek.

Proposed sub-basin A5 consists of a small portion of the downhill slope of the proposed WQSF
basin (0.11 acres) at the north end of the site. This basin is grassed pervious area. The discharges
generated by sub-basin A5 are Qs = 0.0 cfs and Q100 = 0.3 cfs (proposed flow).

Existing sub-basins OSA1, A1 and A2 generated a combined flow of Qs = 3.7 cfs and Q100 = 16.5 cfs
(historic flow) directed generally towards the existing structures on the adjacent property to the west.
The combined historic flows that leave the site along the west edge from existing sub-basins A1, A2
& B1 are Qs = 5.7 cfs and Qiq = 22.6 cfs. In the developed condition, the proposed WQSF basin
outfall and rip rap lined spreading depression and berm will direct flows south and away from the
existing structures and into an area of open grassland to be released over a wide area. The
combined developed condition discharges leaving the property at Design Point 4 (DP4) are Qs = 5.6
cfs and Qo = 23.6 cfs (proposed flow), which is 0.1 cfs less than existing flow during the 5 year
event and 1.0 cfs greater than the existing flows in the in the 100 year event. The implementation of
the development includes the removal of structures and paved area, the new RV parking areas are
not paved with impervious materials and the proposed water quality sand filter basin provides a
degree of storm peak attenuation. The calculated increase in the 100-year event is an insignificant
and negligible increase for the 3.9 acre site and no detention is required.

4.3 Erosion Control

During future construction, best management practices (BMP's) for erosion control will be employed
based on the previously referenced City of Colorado Springs Drainage Criteria Manual Volume 2 and
the Erosion Control Plan for the site. During Construction, silt fencing, sediment control log, vehicle
tracking control and concrete washout area will be in place to minimize erosion from the site. Silt
Fencing will be placed along the northern and western sides of the disturbed areas. This will inhibit
suspended sediment form leaving the site during construction. Silt fencing is to remain in place until
the parking area is stabilized with the recycled asphalt and until vegetation is reestablished in the
other disturbed areas which are to be reseeded. Vehicle tracking control will be placed at the access
point in the private driveway connecting to Monument Lake Road. Inlet protection will be placed at
the water quality pond outlet locations. BMP's will be utilized as deemed necessary by the
contractor, engineer, owner, or County inspector and are not limited to the measures described
above. The water quality sand filters will also serve as sediment traps until construction is compete.

4.4 Water Quality Enhancement Best Management Practices

The Sand Filter Basins described above will provide storage for the Water Quality Capture Volume
(WQCV) for the site. A Grading and Erosion Control Plan for the construction of the site has been
prepared in accordance with the provisions of the DCM. Placement of construction stormwater
BMP's will as required by the plan will limit soil erosion and deposition by stormwater flowing over
the site.

The El Paso County Engineering Criteria Manual (Appendix |, Section 1.7.2 ) requires the
consideration of a “Four Step Process for receiving water protection that focuses on reducing runoff
volumes, treating the water quality capture volume (WQCV), stabilizing drainageways, and
implementing long term source controls”. The Four Step Process is incorporated in this project and
the elements are discussed below.

1) Runoff Reduction Practices are employed in this project. Impervious surfaces have been reduced
as much as practically possible. Some of the existing structures on the site are being removed,
reducing impervious surfaces. There is only minimal concrete or other hard surfaces proposed. RV
storage area will be stabilized with recycled asphalt surfacing, which remains a partially pervious
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surface. Minimized Directly Connected Impervious Areas (MDCIA) is employed on the project
because runoff passes through the western open space meadow area before leaving the site.

2) All drainage paths on the site are stabilized with pavement or appropriate landscape treatment.
The water quality ponds are intended to intercept flows from developed areas. Additionally, the pond
outflow points will have rip rap protection.

3) The project contains no potentially hazardous uses. All developed areas drain into a proposed a
WQCV BMP.

4) The site contains no storage of potentially harmful substances or use of potentially harmful
substances. No Site Specific or Other Source Control BMP's are required.

5 Opinion of Probable Cost for Drainage Facilities

There is no public or private storm drain system proposed for development of this site. The private
water quality facilities will be constructed as part of the site grading plan at the time of building
construction. The property owner is responsible for construction and maintenance of the water
quality facilities.

6 Drainage and Bridge Fees

The site is not being platted. No Drainage or Bridge Fees are due for this project.

7 Conclusion

This Final Drainage Report presents existing and proposed drainage conditions for the proposed
Monument Small Engine Storage project. The development will have negligible and inconsequential
effects on the existing site drainage and drainage conditions downstream. Water Quality treatment
will be provided. The proposed project will not, with respect to stormwater runoff, negatively impact
the adjacent properties and downstream properties.
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8 General Maps and Supporting Data

Vicinity Map

Portions of Flood Insurance Rate Map

Portion of Drainage Area Identification Study Map
NRCS Soil Map and Tables

SCS Soil Type Descriptions

Hydrologic Soil Group Map and Tables
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Soil Map—EI Paso County Area, Colorado
(Monument Small Engine)
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Soil Map—EI Paso County Area, Colorado

Monument Small Engine

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
1 Alamosa loam, 1 to 3 percent 0.1 1.8%
slopes
92 Tomah-Crowfoot loamy sands, 3.2 98.2%
3 to 8 percent slopes
Totals for Area of Interest 3.3 100.0%
uspa  Natural Resources Web Soil Survey 3/5/12018

Conservation Service

National Cooperative Soil Survey

Page 3 of 3
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9 Hydrologic Calculations

Runoff Coefficients and Percent Imperviousness Table 6-6

Colorado Springs Rainfall Intensity Duration Frequency Table 6-5

Hydrologic Calculations Summary Form SF-1 for Existing & Developed Conditions
Hydrologic Calculations Summary 5-yr Form SF-2 for Existing & Developed Conditions
Hydrologic Calculations Summary 100-yr Form SF-2 for Existing & Developed Conditions
Percent Imperviousness Calculation for proposed Lots 1 & 2
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Hydrology Chapter 6

Figure 6-5. Colorado Springs Rainfall Intensity Duration Frequency
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IDF Equations
I00 = -2.52 In(D) + 12.735
Iso = -2.25 In(D) + 11.375
L5 =-2.00 In(D) + 10.111
Lo = -1.75 In(D) + 8.847
Is=-1.50 In(D) + 7.583

I,=-1.19 In(D) + 6.035

Note: Values calculated by
equations may not precisely
duplicate values read from figure.

6-52 City of Colorado Springs May 2014
Drainage Criteria Manual, Volume 1
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Sub-Basin EX-OSA1 Runoff Calculations (offsite pond inflow)

Job No.: 61092 Date: 9/26/2019 12:04
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type B
Runoff Coefficient Surface Type Urbanization Non-Urban

Basin Land Use Characteristics

Area Runoff Coefficient %

Surface (SF) {Acres) c2 C5 Cc10 C25 C50  C100 || Imperv.

Gravel 137,170 3.15 0.57 0.59 0.63 0.66 0.68 0.7 80%

Landscaping 780 0.02 0.03 0.09 0.17 0.26 0.31 0.36] 2%

Pasture/Meadow 38,537 ‘ 0.88 0.02 0.08 0.15 0.25 0.3 0.35 0%

Combined 176,487 | 4.0§ﬂ 0.45 0.48 0.52 0.57 0.60 0.62 62.2%
176437

Basin Travel Time -
Shallow Channel Ground Cover Nearly bare ground

Lmax,OverIand 100 ft Cv 10
L (ft) AZy (ft)  So (f/ft) v (f/s) t (min) tai (Min)
Total 435 11 - - - -
Initial Time 100 3 0.032 - 7.7 N/A DCM Eq. 6-8
Shallow Channel 335 8 0.022 1.5 3.7 - DCM Eq. 6-9
Channelized 0.000 00 0.0 - V-Ditch
t. 11.4 min.
Rainfall Intensity & Runoff
Z-Yr 5-Yr T0-Yr Z5-Yr 50-Yr|  100-Yr
Intensity (in/hr)f ~ 3.14 3.93 4.59 524 5.90 6.60
Runoff (cfs) 5.7 7.6 9.7 12.1 14.2 16.6

Release Rates (cfs/ac)
Allowed Release (cfs)

5.7 7.6 9.7 12.1 14.2 16.6

Notes
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Sub-Basin Ex-A1 Runoff Calculations

Job No.: 61092 Date: 9/26/2019 12:04
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type B
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient %
Surface (SF) (Acres) Cc2 C5 C10 C25 C50 C100 Imperv.|
Gravel 6,295 0.14 0.57 0.59 063 0.66 0.68 07| 80%)
Pasture/Meadow 55,489 1.27 0.02 0.08 0.15 0.25 0.3 0.35 0%
Combined 61,784 1.42 0.08 0.13 0.20 0.29 0.34 0.39 8.2%
61784
Basin Travel Time -
Shallow Channel Ground Cover Nearly bare ground
Lmax,OverIand 100 ft Cv 10
L (ft) AZy (fty  So (ftift) v (ft/s) t(min)  tax (Min)
Total 435 19 - - - -
Initial Time 100 3 0.032 - 11.9 N/A DCM Eq. 6-8
Shallow Channel 50 7 0.140 3.7 0.2 - DCM Eq. 6-9
Channelized 285 9 0.032 3.0 1.6 - V-Ditch
tc 13.7 min.
Rainfall Intensity & Runoff
1l 2-Yr 5-Yr 1U-Yr 25-Yr SU-Yr 100-Yr
Intensity (in/hr)] 2.92 3.65 4.26 4.87 5.48 6.13
Runoff (cfs)| 0.3 0.7 1.2 2.0 2.6 34
Release Rates (cfs/ac) - - - -
Allowed Release (cfs) 0.3 0.7 1.2 2.0 2.6 3.4

Notes
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Sub-Basin Ex-A2 Runoff Calculations

Job No.: 61092 Date: 9/26/2019 12:04
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient _ %
Surface (SF) (Acres) C2 C5 Cc10 C25 C50 C100 Imperv.
Gravel 2,360 0.05 0.57 0.59 0.63 0.66 0.68 0.7 80%
Pasture/Meadow 11,765 0.27 0.02 0.08 0.15 0.25 0.3 0.35 0%
Combined 14,125 0.32 0.11 0.17 0.23 0.32 0.36 0.41 13.4%
14125
Basin Travel Time =
Shallow Channel Ground Cover Nearly bare ground
Lmax,Overland 100 ft Cv 10
L (ft) AZy (ft) S (f/ft) v (fi/s) t(min)  ta (min)
Total 169 12 - - - -
Initial Time 75 5 0.063 - 8.0 N/A DCM Eq. 6-8
Shallow Channel 94 7 0.074 2.7 0.6 - DCMEq. 6-9
Channelized 0.000 0.0 0.0 - V-Ditch
ta 8.6 min
Rainfall Intensity & Runoff
Il Z-YT 5-vr T0-YT Z5-Y7 50-Yr|___100-Yr]
Intensity (in/hr)| 3.48 4.36 5.09 5.82 6.55 7.33
Runoff (cfs)| 0.1 0.2 0.4 0.6 0.8 1.0
Release Rates (cfs/ac) - - -
Allowed Release (cfs) 0.1 0.2 0.4 0.6 0.8 1.0

Notes
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Sub-Basin Ex-B1 Runoff Calculations

Job No.: 610902 Date: 9/26/2019 12:04
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area _Runoff Coefficient %
Surface (SF) (Acres) C2 C5 c10 C25 C50 Cc100 Imperv.
Roofs 3,525 0.08 0.71 0.73 0.75 0.78 0.8 0.81 90%
Gravel 22,940 0.53 0.57 0.59 0.63 0.66 0.68 0.7 80%
Paved 3,660 0.08 0.89 0.9 0.92 0.94 0.95 0.96 100%
Pasture/Meadow 63,448 1.46 0.02 0.08 0.15 0.25 0.3 0.35 0%
Combined 93,53 2.15 0.21 0.26 0.32 0.40 0.44 048] 26.9%
93573
Basin Travel Time -
Shallow Channel Ground Cover Short Pasture/Lawns
Lmax,OverIand 100 ft Cv 7
L (ft) AZy () So (f/ft) v (ft/s) t(min)  tax (Min)
Total 380 17 - - - -
Initial Time 100 2 0.020 - 12.0 N/A DCMEqg. 6-8
Shallow Channel 195 8 0.041 1.4 2.3 - DCM Eq. 6-9
Channelized 85 7 0.082 45 0.3 - V-Ditch
t. 14.7 min.
Rainfall Intensity & Runoff
i 2-YT 5T TO-YT 25-YT 50-Yr| 100-Yr|
Intensity (in/hr)]| 2.84 3.56 4.15 4.74 5.33 5.97
Runoff (cfs)| 1.3 2.0 2.9 4.0 5.0 6.1
Release Rates (cfs/ac) - - - - - -
Allowed Release (cfs) 1.3 2.0 2.9 4.0 5.0 6.1

Notes
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Sub-Basin Dv-A1 Runoff Calculations (DP1 Pipe Inflow)

Job No.: 61092 Date: 10/24/2019 9:06
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type B
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient %
Surface (SF) (Acres) C2 C5 Cc10 C25 C50 C100 Imperv.
Roofs 5643 0.13 0.71 0.73 0.75 0.78 0.8 0.81 90%
Gravel 10,223 0.23 0.57 0.59 0.63 0.66 0.68 07 80%
Paved 228 0.01 0.89 0.9 0.92 0.94 0.95 0.96 100%
Pasture/Meadow 6,098 0.14 0.02 0.08 0.15 0.25 0.3 0.35 0%
Combined 22,192 0.51 0.46 0.49 0.53 0.58 0.61 0.63 60.8%
22192
Basin Travel Time -
Shallow Channel Ground Cover Nearly bare ground
Lmax,Overiand 100 ft Cv 10
L (ft) AZy (ft)  So (fUft) v (ft/s) t(min)  tax (min)
Total 393 7 - - - -
Initial Time 100 2 0.015 - 9.7 N/A DCM Eq. 6-8
Shallow Channel 137 2 0.015 1.2 1.9 - DCM Eq. 6-9
Channelized 156 3 0.019 1.8 1.4 - V-Ditch
t. 13.0 min.
Rainfall Intensity & Runoff
Il 2-Yr S-Yr 10-Yr 25-Yr 50-Yr 100-Yr
Intensity (in/hr)| 2.99 3.74 4.36 4.99 5.61 6.28
Runoff (cfs)|| 0.7 0.9 1.2 1.5 1.7 2.0
Release Rates (cfs/ac) - =
Allowed Release (cfs) 0.7 0.9 1.2 15 1.7 2.0

Notes
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Sub-Basin Dv-A2 Runoff Calculations

Job No.: 61092 Date: 10/24/2019 9:06
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient %
Surface (SF) (Acres) Cc2 C5 C10 C25 C50 C100 Imperv.
Gravel 68,463 1.57 0.57 0.59 0.63 0.66 0.68 0.7 80%
Pasture/Meadow 16,639 0.38 0.02 0.08 0.15 0.25 0.3 0.35 0%
Paved 618 | 0.01 0.89 0.9 0.92 0.94 0.95 0.96 100%
Combined 85,720 1.97 0.47 0.49 0.54 0.58 0.61 0.63 64.6%
85720
Basin Travel Time -
Shallow Channel Ground Cover Nearly bare ground
Lmax,Ovedand 100 ft Cv 10
L (ft) AZy (ft)  So(fUfty v (ft/s)  t(min)  tay (min)
Total 327 19 - - - -
Initial Time 100 3 0.032 - 75 N/A DCMEq. 6-8
Shallow Channel 50 7 0.140 3.7 0.2 - DCM Eq. 6-9
Channelized 177 9 0.051 4.1 0.7 - V-Ditch
t. 8.4 min.
Rainfall Intensity & Runoff
Il Z-Yr 5-Yr 10-Yr 25-YT 50-Yr 100-Yr
Intensity (in/hr)l| 3.50 4.39 5.12 5.85 6.59 7.37
Runoff (cfs)|| 3.2 4.3 5.4 6.7 7.9 9.2
Release Rates (cfs/ac) - - - - -
Allowed Release (cfs) 3.2 4.3 5.4 6.7 7.9 9.2

Notes
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Combined Sub-Basin Runoff Calculations (East ditch/swale) 87 Df 7.
Includes Basins DV-A1 DV-A2

+ OSA1 pond outflow

Job No.: 61092 Date: 10/24/2019 9:06
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type B
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient %
Surface (SF) | (Acres) C2 C5 Cc10 C25 C50 Cc100 Imperv.
Gravel 78,686 1.81 0.57 0.59 0.63 0.66 0.68 0.7 80%
Pasture/Meadow 22,737 0.52 0.02 0.08 0.15 0.25 0.3 0.35 0%
Roofs 5,643 0.13 0.71 0.73 0.75 0.78 0.8 0.81 90%
Paved 846 0.02 0.89 0.9 0.92 0.94 0.95 0.96 100%
Combined 107,912 2.48|| 0.46 0.49 0.54 0.58 0.61 0.63 63.8%
Basin Travel Time
Sub-basin or  Material Elev. Base or Sides
Channel Type Type L (ft) AZy (ft)  Q(cfs) Dia(ft) z:1(ft/ft) v (ft/s) t (min)
Furthest Reach DV-A1 - 393 7 - - - - 13.0
Channelized-1
Channelized-2
Channelized-3
Total 393 7
t
13.0
{min)

Contributing Offsite Flows (Added to Runoff and Allowed Release, below.)
Contributing Basins/Areas Offsite Basin OSA1 Existing Pond Outflow
2.8 (cfs) - 5-year Storm
12.1 (cfs) - 100-year Storm

QMinor

QMajor

Rainfall Intensity & Runoff

T Z-YT 5-Yr TU-YT Z5-YT 50-Yr| 100-1T

Intensity (in/hr)]] 299 3.74 4.36 4.99 5.61 6.28

Site Runoff (cfs)“_ 3.43 4.56 5.81 7.19 8.46 9.86
OffSite Runoff (cfs)| - 2.80 - - -l 1240
Release Rates (cfslacf‘ - - - : - -
Allowed Release (cfs) - 7.4 - - - 22.0

Notes

Runoff from pond outflows and other contributing basins are assumed constant, disregarding differing times of concentration,
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Sub-Basin Dv-A3 Runoff Calculations

Job No.: 61092 Date: 10/24/2019 9:06
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient ] %
Surface (SF) | (Acres) Cc2 C5 C10 C25 C50 C100 Imperv.
Gravel 16,117 0.37 0.57 0.59 0.63 0.66 0.68 0.7 80%
Pasture/Meadow 2,229 0.05 0.02 0.08 0.15 0.25 0.3 0.35 0%
Combined 18,346 0.42 0.50 0.53 0.57 0.61 0.63 0.66 70.3%
18346
Basin Travel Time -
Shallow Channel Ground Cover Nearly bare ground
I-max,Overland 100 ft Cv 10
L (ft) AZy (ft)  Sg (ft/ft) v (ft/s) t (min) tar (Min)
Total 353 10 = - = -
Initial Time 100 4 0.040 - 6.5 N/A DCMEq. 6-8
Shallow Channel 137 2 0.011 1.0 2.2 - DCM Eq. 6-9
Channelized 116 5 0.039 25 0.8 - V-Ditch
t. 9.5 min.
Rainfall Intensity & Runoff
1] 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-YT
Intensity (in/hr)]|  3.36 4.21 4.91 5.61 6.31 7.07
Runoff (cfs) 0.7 0.9 1.2 1.4 1.7 2.0
Release Rates (cfs/ac) - - - -
Allowed Release (cfs)l 0.7 0.9 12 1.4 1.7 2.0

Notes
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Combined Sub-Basin Runoff Calculations (DP3 Pond Inflow)
Includes Basins DV-A1 DV-A2 DV-A3

+ OSA1 pond outflow

Job No.: 61092 Date: 10/24/2019 9:06
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type B
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient %
Surface (SF) (Acres) C2 C5 C10 C25 C50 C100 Imperv.
Gravel 94,803 2.18 0.57 0.59 0.63 0.66 0.68 0.7 80%
Pasture/Meadow 24,966 0.57 0.02 0.08 0.15 0.25 0.3 0.35 0%
Roofs 5,643 0.13 0.71 0.73 0.75 0.78 08 0.81 90%
Paved 846 0.02 0.89 0.9 0.92 0.94 0.95 0.96 100%
Combined 126,258 2.90}( 0.47 0.50 0.54 0.59 0.61 0.64 64.8%
Basin Travel Time
Sub-basin or  Material Elev. Base or Sides
Channel Type Type L (ft) AZy(ft) Q(cfs) Dia(ft) z:1(f/ft) v (ft/s) t (min)
Furthest Reach DV-A1 - 393 7 - - - - 13.0
Channelized-1
Channelized-2
Channelized-3
Total 393 7
t
13.
(min) 0
Contributing Offsite Flows (Added to Runoff and Allowed Release, below.)
Contributing Basins/Areas Offsite Basin OSA1 Existing Pond Outflow
Qhinor 2.8 (cfs) - 5-year Storm
Quajor 12.1 (cfs) - 100-year Storm
Rainfall Intensity & Runoff
Z-Yr1 5-YT T0-YT1 Z25-YT 50-Yr| 100-1T
Intensity (in/hr) 2.99 3.74 4.36 4.99 5.61 6.28
Site Runoff (cfs) 4.07 5.39 6.86 8.47 9.95 11.60
OffSite Runoff (cfs)|| - 2.80 - 3 -1 1240
Release Rates (cfs/ac) - - - - - -
Allowed Release (cfs) - 8.2 - - - 23.7

Notes

Runoff from pond outflows and other contributing basins are assumed constant, disregarding differing times of concentration.
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Sub-Basin Dv-A4 Runoff Calculations

Job No.: 61092 Date: 10/24/2019 9:06
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient %
Surface (SF) (Acres) Cc2 Cc5 C10 C25 C50 C100 Imperv.
Pasture/Meadow 38,591 0.89|| 0.02 0.08 0.15 0.25 0.3 0.35 0%
Combined 38,591 | 0.89 0.02 0.08 0.15 0.25 0.30 0.35] 0.0%
38591
Basin Travel Time -
Shallow Channel Ground Cover Nearly bare ground
Lmax,Ovenand 100 ft C'v 10
L (ft) AZy (ft)  Sp (ft/ft) v (ft/s) t (min) tar (min)
Total 169 12 - - - -
Initial Time 75 5 0.063 - 8.7 N/A DCM Eq. 6-8
Shallow Channel 94 7 0.074 27 0.6 - DCM Egq. 6-9
Channelized 0.000 0.0 0.0 - V-Ditch
t. 9.3 min
Rainfall Intensity & Runoff
1 rad 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr
Intensity (in/hr)]  3.38 4.24 4.95 5.66 6.36 7.12
Runoff (cfs) 0.1 0.3 0.7 1.3 1.7 2.2
Release Rates (cfs/ac) - - - - -
Allowed Release (cfs) 0.1 0.3 0.7 1.3 1.7 2.2

Notes

Z:\61092\Calcs\Hydrology\61092 Runoff Spreadsheet.xlsm

DV-A4




Combined Sub-Basin Runoff Calculations (DP3 Pond Outflow + A4)
includes Basins DV-A4

Job No.: 61092 Date: 1/18/2020 19:07
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type B
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
Area Runoff Coefficient %
Surface (SF) (Acres) C2 C5 C10 C25 C50 C100 Imperv.
Gravel - 0.00 0.57 0.59 0.63 0.66 0.68 0.7 80%
Pasture/Meadow 38,591 0.89 0.02 0.08 0.15 0.25 0.3 0.35 0%
Combined 38,591 0.89| 0.02 0.08 0.15 0.25 0.30 0.35=|i 0.0%
Basin Travel Time
Sub-basin or  Material Elev. Base or Sides
Channel Type Type L (ft) AZy () Q; (cfs) Dia (ft) =z:1 (ft/ft) v (ft/s) t (min)
Furthest Reach DV-A4 - 169 12 - = - - 9.3
Channelized-1
Channelized-2
Channelized-3
Total 169 12
t
9.3
{min)

Contributing Offsite Flows (Added to Runoff and Allowed Release, below.)
Contributing Basins/Areas DP1 Pond Qutflow
Qutinor 5.0 (cfs) - 5-year Storm
Qmajor 18.1 (cfs) - 100-year Storm

Rainfall Intensity & Runoff

1] Z-Yr o-Yr TU-Yr LD-YT dU-TT TUU-YT|

Intensity (in/hr)]| 3.38 4.24 4.95 5.66 6.36 7.12
Site Runoff (cfs)]  0.06 0.30 0.66 1.25 1.69 2.21

OffSite Runoff (cfs)|| = 5.00 E = E 18.10
Release Rates (cfslac)“ - - - - - -
Allowed Release (cfs) - 5.3 - - - 20.3

Notes

Runoff from pond outflows and other contributing basins are assumed constant, disregarding differing times of concentration.
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Sub-Basin Dv-A5 Runoff Calculations

Job No.: 61092 Date: 10/24/2019 9:06
Project: Monument Small Engine Storage Calcs by: D. Gorman
Checked by:
Jurisdiction DCM Soil Type
Runoff Coefficient Surface Type Urbanization Non-Urban
Basin Land Use Characteristics
|= Area Runoff Coefficient %
Surface (SF) (Acres) C2 C5 C10 C25 C50 C100 Imperv.
Pasture/Meadow 4,618 0.1 0.02 0.08 0.15 0.25 0.3 0.35 0%
Combined 4,618 0.11 0.02 0.08 0.15 0.25 0.30 0.35 0.0%
4618
Basin Travel Time -
Shallow Channel Ground Cover Nearly bare ground
Lmax,Overland 100 ft C, 10
L (ft) AZy (ft)  So (f/ft) v (f/s) t(min)  tag (min)
14 4 = - - -
Initial Time 14 4 0.286 - 23 N/A DCMEq. 6-8
Shallow Channel 0.000 0.0 0.0 - DCMEq, 6-9
Channelized 0.000 0.0 0.0 - V-Ditch
t. 5.0 min.
Rainfall Intensity & Runoff
0 Z-YT 5-Yr TO-YT Z5-YT 50-Yr|___100-1r]
Intensity (in/hr)||  4.12 517 6.03 6.89 7.75 8.68
Runoff (cfs) 0.0 0.0 0.1 0.2 0.2 0.3
Release Rates (cfs/ac) - - -
Allowed Release (cfs) 0.0 0.0 0.1 0.2 0.2 0.3

Notes
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10 Hydraulic Calculations

Sand Filter Basin Calculations
Ditch Capacity Calculations
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Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: Mount Herman RV Storage

Basin ID: Existing WQ/Detention Pond Basin OSA1

2ONE 3 [—
ZONE 2
3 = — Stage {ft) Zone Volume {ac-ft) Outlet Type
B Zone 1{WQCV) 1.80 0.066 Filtration Media
Zone 2 (5-year) 0,218 Circular Orifice
FERMARENT QRIFICES Zone 3
et Example Zone Configuration (Retention Pond) T Toi
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain
Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = “ 2
Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = 0.05 feet
User Input: Orifice Plate with one or more orifices or Elliptical Slot Wair (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = M/ ft (refative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A 2
Depth at top of Zone using Orifice Plate = LTEN ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = LT inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = LTEY Inches Elliptical Slot Area = N/A 2
User Input: Stage and Total Area of Each Orifice Row {numbered from lowest to highest|
Row 1 (optional) Row 2 ( Row 3 i Row 4 (optional) Row 5 (optional) Row & i ) Row 7 ) Row 8
Stage of Orifice Centroid (ft) N/A N/A N/A N/A N/A N/A N/A N/A
Orifice Area (sq. inches) N/A N/A N/A N/A N/A N/A N/A N/A
Row 9 {optional) Row 10 {optional) | Row 11 (optional} | Row 12 (optional) | Row 13 (optional) | Row 14 i Row 15 | Row 16
Stage of Orifice Centroid (ft) N/A N/A N/A N/A N/A N/A N/A N/A
Orifice Area (sg. inches) N/A N/A N/A N/A N/A N/A N/A N/A
User Input: Vertical Orifice {Circular or ) Calculated Parameters for Vertical Orifice
Zone 2 Circular Not Selected Zone 2 Circular Not Selected
Invert of Vertical Orifice = 2.00 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.79 2
Depth at top of Zone using Vertical Orifice = 3.60 ft (relative to basin bottom at Stage =0 ft) Vertical Orifice Centroid = 0.50 feet
Vertical Orifice Diameter = 12.00 inches
User Input: Overflow Weir {Dropbox) and Grate (Flat or Sloped} Calculated Parameters for Overflow Weir
Not Selected Not Selected Not Selected Not Selected
Overflow Weir Front Edge Height, Ho = 2.00 ft (refative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = feet
Overflow Weir Front Edge Length = 5 feet Over Flow Weir Slope Length = feet
Overflow Weir Slope = H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = should be > 4
Horiz. Length of Weir Sides = feet Overflow Grate Open Area w/o Debris = t?
Overflow Grate Open Area % = %, grate open areaftotal area Overflow Grate Open Area w/ Debris = ft’
Debris Clogging % = %
User Input: Qutlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Not Selected Not Selected Not Selected Not Selected
Depth to Invert of Outlet Pipe = ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 2
Circular Orifice Diameter = inches Outlet Orifice Centroid = feet
Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians
User Input; y Spillway or Calculated Parameters for Spillway
Spillway Invert Stages 160 ft {relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.38 feet
Splllway Crest Length = 20,00 feet Stage at Top of Freeboard = 4.00 feet
Spillway End Slopes = 300 Hv Basin Area at Top of Freeboard = 0.12 acres
Freeboard above Max Water Surface = 002 feet
Routed Hydrograph Results
Design Storm Return Period =| wacy EURV 2 Year S Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 3.40
Calculated Runoff Volume (acre-ft) = 0.066 0.273 0.225 0.302 0.391 0.511 0.597 0.710 1.023
OPTIONAL Override Runoff Volume (acre-ft) =
Inflow Hydrograph Volume (acre-ft) = 0.066 0.273 0.225 0.302 0.391 0.511 0.597 0.710 1.024
Predevelopment Unit Peak Flow, g (cfs/acre) =| 0.00 0.00 0.02 0.03 0.28 0.87 1.20 1.60 2.55
Predevelopment Peak Q (cfs) = 0.0 0.0 0.1 0.1 il 3.5 49 6.5 10.3
Peak Inflow Q (cfs) = 1.4 5.7 4.7 6.3 8.2 10.6 12.4 14.7 21.1
Peak Outflow Q (cfs) = 0.1 2.4 17 2.8 3.6 6.2 3.8 12.1 20.1
Ratio Peak Outflow to Predevelopment Q =| N/A N/A N/A 257 At L [ 1Y 1.8
Structure Controlling Fiow =l Filtration Media Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Spillway Spillway Spillway Spillway
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time to Drain 97% of Inflow Volume (hours) = 12 17 17 17 16 15 15 14 13
Time to Drain 99% of Inflow Volume (hours) = 12 18 18 18 18 18 17 17 17
Maximum Ponding Depth (fi) = 1.65 2.93 2.76 3.02 3.37 3.70 3.77 3.85 3.99
Area at Maximum Ponding Depth (acres) = 0.06 0.10 0.10 0.10 0.11 0.12 0.12 012 0.12
Maximum Volume Stored (acre-ft) = 0.056 0.164 0.148 0.173 0.209 0.247 0.256 0.264 0.282




Detention Basin Outlet Structure Design
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Existing Penewell Pond Outflow Hydrographs (UD Detention)

Time wQ EURV 2YR 5YR 10YR 25YR 50YR  100YR  500YR

{min) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) {cfs) (cfs) (cfs)
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.03 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06

12 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
16 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.07
20 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.29
24 0.06 0.07 0.07 0.08 0.08 0.35 0.76 1.47 3.39
28 0.06 0.10 0.08 0.19 0.80 2.02 2.92 3,56 12.97
32 0.07 0.56 0.18 0.86 2.03 3.29 3.81 7.22  20.06
36 0.07 1.20 0.56 1.63 2.94 3.83 6.53 12.06 17.04
40 0.07 1.75 0.98 2.24 3.29 4.70 8.77 10.60  15.16
44 0.07 2.13 1.32 2.61 3.48 6.19 7.82 9.24 13.16
48 0.07 2.35 1.56 2.79 3.58 5.95 6.98 8.23 11.74
52 0.07 2.43 1.69 2.82 3.62 5.28 6.11 7.20 10.24
56 0.07 2.38 1.72 2.77 3.57 4.52 5.16 6.03 8.50
60 0.07 2.24 1.66 2.58 3.47 4.04 4.33 4.97 6.91
64 0.07 2.04 1.54 2.33 3.30 3.9 4.00 4.12 5.47
68 0.07 1.81 1.40 2.05 3.08 3.72 3.84 3.95 4.35
72 0.07 1.59 1.25 1.79 2.83 3.49 3.63 3.77 3.99
76 0.07 1.40 1.11 1.56 242 3.23 3.39 3.55 3.84
80 0.07 1.23 0.99 1.36 2.04 2.96 3.13 3.32 3.65
84 0.07 1.09 0.88 1.20 1.74 2.61 2.86 3.06 3.45
88 0.07 0.97 0.79 1.06 1.50 2.18 2.47 2.80 3.23
92 0.07 0.86 0.72 0.95 1.31 1.86 2.09 2.39 3.01
96 0.07 0.78 0.65 0.85 1.15 1.59 1.78 2.03 2.75
100 0.07 0.69 0.58 0.75 1.00 1.36 1.52 1.73 231
104 0.07 0.62 0.52 0.67 0.88 1.17 1.30 1.47 1.94
108 0.07 0.55 0.47 0.59 0.77 1.00 1.11 1.25 1.63
112 0.07 0.49 0.42 0.53 0.67 0.87 0.95 1.07 1.38
116 0.07 0.44 0.38 0.47 0.59 0.75 0.82 0.92 1.17
120 0.07 0.39 0.34 0.42 0.52 0.65 0.71 0.79 1.00
124 0.07 0.35 0.31 0.37 0.46 0.57 0.62 0.68 0.85
128 0.07 0.32 0.28 0.34 0.41 0.50 0.54 0.60 0.73
132 0.07 0.29 0.25 0.30 0.36 0.44 0.48 0.52 0.63
136 0.07 0.26 0.23 0.27 0.33 0.39 0.42 0.46 0.55
140 0.07 0.24 0.21 0.25 0.29 0.35 0.37 0.40 0.48
144 0.07 0.22 0.20 0.23 0.27 0.31 0.33 0.36 0.42
148 0.07 0.20 0.18 0.21 0.24 0.28 0.30 0.32 0.38
152 0.07 0.18 0.17 0.19 0.22 0.26 0.27 0.29 0.34
156 0.07 0.17 0.16 0.18 0.20 0.23 0.25 0.26 0.30
160 0.07 0.16 0.15 0.17 0.19 0.21 0.23 0.24 0.27
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Existing Penewell Pond Outflow Hydrographs (UD Detention)
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Proposed DP 3 Hellbusch Site Inflow Hydrographs (UD-Detention)

Time wQ EURV 2YR 5YR 10YR 25YR 50YR 100YR  500YR
(min) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.04 0.15 0.12 0.16 0.21 0.27 0.31 0.36 0.52
16 0.10 0.39 0.32 0.43 0.55 0.71 0.83 0.98 1.40
20 0.25 1.00 0.83 1.11 1.42 1.83 2.12 2.51 3.59
24 0.68 2.75 2.29 3.04 3.90 5.03 5.84 6.90 9.85
28 0.79 3.22 2.67 3.57 4.58 5.93 6.90 8.17 11.72
32 0.74 3.06 2.54 3.39 4.36 5.65 6.58 7.79 11.19
36 0.67 2.79 2.31 3.09 3.97 5.14 5.99 7.09 10.19
40 0.59 2.47 2.04 2.74 3.53 4.58 5.33 6.33 9.11
44 0.50 2.12 1.75 2.35 3.03 3.94 4.59 5.46 7.87
48 0.44 1.85 1.53 2.05 2.65 3.44 4.01 4.76 6.85
52 0.40 1.67 1.38 1.86 2.39 3.11 3.63 4.31 6.21
56 0.32 1.37 1.12 1.52 1.96 2.55 2.98 3.55 5.13
60 0.25 1.10 0.91 1.23 1.59 2.08 243 2.89 4.20
64 0.18 0.83 0.68 0.93 1.21 1.58 1.86 2.22 3.24
68 0.13 0.61 0.49 0.68 0.89 1.17 1.37 1.65 242
72 0.10 0.45 0.36 0.50 0.65 0.85 1.00 1.20 1.75
76 0.08 0.35 0.29 0.39 0.51 0.66 0.78 0.93 1.35
80 0.07 0.29 0.24 0.32 0.42 0.55 0.64 0.76 1.11
84 0.06 0.25 0.20 0.27 0.36 0.46 0.54 0.65 0.94
88 0.05 0.22 0.18 0.24 0.31 0.41 0.48 0.57 0.83
92 0.05 0.20 0.16 0.22 0.28 0.37 0.43 0.51 0.75
96 0.04 0.18 0.15 0.20 0.26 0.34 0.40 0.47 0.69
100 0.03 0.13 0.11 0.15 0.19 0.25 0.29 0.35 0.50
104 0.02 0.10 0.08 0.11 0.14 0.18 0.21 0.26 0.37
108 0.02 0.07 0.06 0.08 0.10 0.13 0.16 0.19 0.27
112 0.01 0.05 0.04 0.06 0.07 0.10 0.11 0.14 0.20
116 0.01 0.04 0.03 0.04 0.05 0.07 0.08 0.10 0.14
120 0.01 0.03 0.02 0.03 0.04 0.05 0.06 0.07 0.10
124 0.00 0.02 0.01 0.02 0.03 0.03 0.04 0.05 0.07
128 0.00 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.05
132 0.00 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03
136 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01
140 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
144 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
148 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
152 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
156 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
160 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

N
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Proposed DP 3 Hellbusch Site Inflow Hydrographs (UD-Detention)
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Detention Basin Outlet Structure Design

Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs UD-Detention, Version 3.07 (February 2017)  FIENDBOSEM D ITE— ony] | Nfl.av\) \1.113,‘%’\'\

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographe developed in a separate program

User-Defined| SOURCE WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK

Time Interval TIME wWQCV (efs| EURV [cfs] 2 Year [cfs] S Year [cfs) 10 Year [cfs] | 25 Year [cfs] S0 Year [cfs] 100 Year [cfs] | 500 Year [cfs)
4.00_min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:04:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hydrograph 0:08:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Constant 0:12:00 0.04 0.15 0.12 0.16 0.21 0.27 0.31 0.36 0.52
0.940 0:16:00 0.10 039 032 043 0.55 0.71 0.83 0.98 1.40
0.25 1.00 0.83 L3 142 1.83 2.12 2,51 3.59
0.68 2.75 2.29 3.04 3.90 5.03 5.84 6.90 9.85
0.79 3.22 2.67 3.57 4.58 5.93 6.90 817 1172
0.74 3.06 2.54 3.39 4.36 5.65 6.58 7.79 11.19
0.67 279 2.31 3.09 3.97 5.14 5.99 7.09 10.19
0.59 2.47 2.04 2.74 3.53 4.58 5.33 6.33 9.11
0.50 2.12 175 235 3.03 3.94 4.59 5.46 7.87
0.44 1.85 1.53 2.05 2.65 3.44 4.01 4.76 6.85
0.40 1.67 138 1.86 239 3.1 3.63 431 6.21
0.32 1.37 112 152 1.96 2.55 2.98 3.55 5.13
0.25 1.10 0.91 1.23 159 2.08 243 2.89 4.20
0.18 0.83 0.68 0.93 121 158 1.86 2.22 3.24
0.13 0.61 0.49 0.68 0.89 1.17 137 1.65 2.42
0.10 0.45 0.36 0.50 0.65 0.85 1.00 1.20 175
0.08 0.35 0.29 0.39 0.51 0.66 0.78 0.93 1.35
0.07 0.29 0.24 0.32 0.42 0.55 0.64 0.76 111
0.06 0.25 0.20 0.27 0.36 046 0.54 0.65 0.94
0.05 0.22 0.18 0.24 0.31 041 0.48 0.57 0.83
0.05 0.20 0.16 0.22 0.28 0.37 0.43 0.51 0.75
0.04 0.18 0.15 0.20 0.26 0.34 0.40 0.47 0.69
0.03 0.13 0.11 0.15 0.19 0.25 0.29 0.35 0.50
0.02 0.10 0.08 0.11 0.14 0.18 0.21 0.26 0.37
0.02 0.07 0.06 0.08 0.10 0.13 0.16 0.19 0.27
0.01 0.05 0.04 0.06 0.07 o.10 0.11 0.14 0.20
0.01 0.04 0.03 0.04 0.05 0.07 0.08 0.10 014
0.01 0.03 0.02 0.03 0.04 0.05 0.06 0.07 0.10
0.00 0.02 0.01 0.02 0.03 0.03 0.04 0.05 0.07
G.50 0.0% 0.03 .03 0.0z 5.02 .03 e 8IS,
0.00 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03
0.00 0.00 0.00 0.00 0.00 0.0 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00




TOTAL DP 3 Inflow Hydrograph by Addition ( ADDTIad 0F WENBuSeu SITE &
OFESHITE Pand ourflaw

Time wQ EURV 2YR 5YR 10YR 25YR 50YR 100YR  500YR
{min) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.03 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06
12 0.09 0.20 0.18 0.22 0.26 0.32 0.37 0.42 0.58
16 0.15 0.45 0.38 0.49 0.61 0.78 0.89 1.04 1.47
20 0.31 1.07 0.90 1.18 1.49 1.90 2.20 2.59 3.88
24 0.74 2.83 2.36 3.12 3.98 5.38 6.60 837 13.24
28 0.85 3.32 2.75 3.76 5.38 7.94 9.81 11.73  24.69
32 0.81 3.62 2.71 4.25 6.39 8.94 1039 15.02 31.25
36 0.74 3.99 2.87 4.72 6.91 8.97 1251 1915 27.23
40 0.66 4.22 3.02 4.98 6.82 9.28 1411 16.93  24.27
44 0.57 4.24 3.07 4.96 6.51 10.13 1241 1469 21.03
48 0.51 4.20 3.09 4.84 6.23 9.38 1099 1299 18.60
52 0.47 4.11 3.08 4.68 6.01 8.39 9.74 1151 1645
56 0.39 3.75 2.84 4.29 5.53 7.08 8.14 9.58 13.64
60 0.33 3.34 2.57 3.81 5.06 6.11 6.76 7.86 11.11
64 0.26 2.87 2.22 3.25 4.51 5.49 5.85 6.34 8.71
68 0.20 2.42 1.89 2.73 3.97 4.89 5.21 5.59 6.77
72 0.17 2.04 161 2.29 3.47 4.34 4.63 4.96 5.74
76 0.15 1.75 1.40 1.95 2.92 3.90 4.17 4.48 5.19
80 0.14 1.52 1.23 1.68 2.46 3.51 3.78 4.08 4.77
84 0.13 1.33 1.09 1.47 2.10 3.07 341 3.71 4.40
88 0.12 1.18 0.97 1.30 1.82 2.59 2.95 3.37 4.06
92 0.12 1.06 0.88 1.17 1.59 2.23 2.52 2.91 3.75
96 0.12 0.96 0.80 1.05 141 1.93 2.18 2.51 3.44
100 0.11 0.82 0.69 0.90 1.20 1.61 1.81 2.07 2.81
104 0.10 0.71 0.60 0.78 1.02 1.35 151 1.72 2.31
108 0.09 0.62 0.53 0.67 0.87 1.14 1.27 1.44 1.90
112 0.09 0.54 0.46 0.58 0.75 0.96 1.07 1.20 1.58
116 0.08 0.47 0.41 0.51 0.64 0.82 0.90 1.01 1.31
120 0.08 0.42 0.36 0.45 0.56 0.70 0.77 0.86 1.10
124 0.08 0.37 0.32 0.39 0.49 0.60 0.66 0.73 0.92
128 0.08 0.33 0.29 0.35 0.43 0.52 0.57 0.63 0.78
132 0.07 0.29 0.26 0.31 0.37 0.45 0.49 0.54 0.66
136 0.07 0.26 0.23 0.28 0.33 0.40 0.43 0.47 0.57
140 0.07 0.24 0.21 0.25 0.30 0.35 0.38 0.41 0.49
144 0.07 0.22 0.20 0.23 0.27 0.31 0.33 0.36 0.42
148 0.07 0.20 0.18 0.21 0.24 0.28 0.30 0.32 0.38
152 0.07 0.18 0.17 0.19 0.22 0.26 0.27 0.29 0.34
156 0.07 0.17 0.16 0.18 0.20 0.23 0.25 0.26 0.30
160 0.07 0.16 0.15 0.17 0.19 0.21 0.23 0.24 0.27

0o B~ O



Time
(min)

Max

164
168
172
176
180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
252
256
260
264
268
272
276
280
284
288

waQ
(cfs)
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07

0.9

TOTAL DP 3 Inflow Hydrograph by Addition

EURV
(cfs)
0.15
0.14
0.13
0.13
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

4.2

2YR
(cfs)
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

31

5YR
(cfs)
0.15
0.15
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

5.0

10YR
(cfs)
0.17
0.16
0.15
0.14
0.13
0.13
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

6.9

25YR
(cfs)
0.20
0.18
0.17
0.16
0.15
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

10.1

50YR
(cfs)
0.21
0.19
0.18
0.16
0.15
0.14
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

141

100YR
(cfs)
0.22
0.20
0.19
0.17
0.16
0.15
0.14
0.13
0.13
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

19.2

500YR
(cfs)
0.25
0.23
0.21
0.19
0.18
0.17
0.15
0.14
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

313



DP 3 Pond Outlow Hydrograph (UD-Detention) ~ Fams~  UD ~DEn7Ra) egsoTS

Time wQ EURV 2YR 5YR 10YR 25YR 50YR 100YR 500YR
(min) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

8 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
12 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
16 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
20 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 1.93
24 0.05 0.05 0.05 0.05 0.06 1.70 471 9.02 25.14
28 0.05 0.20 0.05 0.72 4.59 10.11 11.83 15.03 29.34
32 0.05 2.63 0.61 4.26 7.22 8.56 11.30 17.96 29.19
36 0.05 4.40 2.31 5.00 6.76 9.32 14.09 18.08 24.08
40 0.05 4,19 3.14 4.96 6.64 9.84 12.93 14.85 21.98
44 0.05 423 3.07 4.89 6.30 9.73 11.23 13.43 18.83
48 0.05 4,13 3.08 4.73 6.07 8.60 10.05 11.79 16.95
52 0.05 3.88 2.94 4.42 5.69 7.46 8.56 10.08 14.24
56 0.05 3.47 2.67 3.96 5.19 6.34 7.10 8.25 11.64
60 0.05 3.04 2.36 3.44 4.67 5.66 6.08 6.75 9.28
64 0.05 2.59 2.04 291 4.13 5.06 5.39 5.75 7.24
68 0.05 2.19 1.75 2.45 3.63 4.50 4.79 5.15 5.97
72 0.05 1.88 1.52 2.09 3.11 4.03 4.30 4.61 5.33
76 0.05 1.64 1.33 1.81 2.62 3.63 3.90 4.20 4.88
80 0.05 1.44 1.21 1.59 2.24 3.22 3.53 3.83 4.50
84 0.05 1.29 1.11 1.40 1.94 2.77 3.11 3.48 4.16
88 0.05 1.19 1.01 1.27 1.71 2.37 2.68 3.08 3.85
92 0.05 1.09 0.92 1.18 1.52 2.06 2.32 2.65 3.54
96 0.05 0.98 0.83 1.07 1.33 1.77 1.98 2.25 3.05
100 0.05 0.87 0.74 0.94 1.19 1.50 1.67 1.88 2.49
104 0.05 0.77 0.65 0.83 1.05 1.28 1.41 1.59 2.07
108 0.05 0.67 0.58 0.73 0.92 1.15 1.23 1.35 1.74
112 0.05 0.59 0.51 0.64 0.80 1.01 1.10 1.19 1.46
116 0.05 0.52 0.45 0.56 0.70 0.88 0.96 1.05 1.25
120 0.05 0.46 0.40 0.50 0.61 0.76 0.83 0.92 1.12
124 0.05 0.41 0.36 0.44 0.54 0.66 0.72 0.79 0.98
128 0.05 0.37 0.33 0.39 0.48 0.58 0.63 0.69 0.84
132 0.05 0.33 0.29 0.35 0.42 0.51 0.55 0.60 0.73
136 0.05 0.30 0.27 0.31 0.37 0.45 0.48 0.52 0.63
140 0.05 0.27 0.24 0.28 0.34 0.40 0.43 0.46 0.55
144 0.05 0.25 0.22 0.26 0.30 0.36 0.38 0.41 0.48
148 0.05 0.23 0.21 0.24 0.28 0.32 0.34 0.36 0.42
152 0.05 0.21 0.19 0.22 0.25 0.29 031 0.33 0.38
156 0.05 0.19 0.18 0.20 0.23 0.26 0.28 0.30 0.34

160 0.05 0.18 0.17 0.19 0.21 0.24 0.26 0.27 0.31



Time
{min)

Max

164
168
172
176
180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
252
256
260
264
268
272
276
280
284
288

wQ
(cfs)
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.1

DP 3 Pond Outlow Hydrograph (UD-Detention)

EURV
(cfs)
0.17
0.16
0.15
0.14
0.13
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07

4.4

2YR
(cfs)
0.16
0.15
0.14
0.13
0.13
0.12
0.11
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07

3.1

5YR
(cfs)
0.18
0.16
0.15
0.15
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07

5.0

10YR
(cfs)
0.20
0.18
0.17
0.16
0.15
0.14
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07

7.2

25YR
(cfs)
0.22
0.21
0.19
0.18
0.17
0.16
0.15
0.14
0.13
0.13
0.12
0.11
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07

10.1

50YR
(cfs)
0.23
0.22
0.20
0.19
0.17
0.16
0.15
0.14
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07

141

100YR
(cfs)
0.25
0.23
0.21
0.20
0.18
0.17
0.16
0.15
0.14
0.13
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07

18.1

500YR
(cfs)
0.28
0.26
0.24
0.22
0.20
0.19
0.17
0.16
0.15
0.14
0.14
0.13
0.12
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07

29.3



Design Procedure Form: Sand Filter (SF)

UD-BMP (Version 3.06, November 2016} Sheet 1 0f 2
Designer: D. Gorman
Company: M.V.E,, inc.
Date: September 27, 2019
Project: Monument Small Engine Storage
Location: Basin A2- Pond at DP3
1. Basin Storage Volume
A) Effective Imperviousness of Tributary Area, |, l,= 63.3 %

(100% if all paved and roofed areas upstream of sand filter)
B) Tributary Area's Imperviousness Ratio (i = 1,/100)

C) Water Quality Capture Volume (WQCV) Based on 12-hour Drain Time
WQCV=0.8* (0.91" - 1,19 * #+ 0,78 *i)

D) Contributing Watershed Area (including sand filter area)

i= 0633

WQCV = 0.20 watershed inches

Area=_ 129,121  sqit

E) Water Quality Capture Volume (WQCV) Design Volume Vwacy = 2,132 cu ft
Vwacy = WQCV /12 * Area

F) For Watersheds Outside of the Denver Region, Depth of dg = in
Average Runoff Producing Storm

G) For Watersheds Outside of the Denver Region, Vwacy oTHER = cu ft
Water Quality Capture Volume (WQCV) Design Volume

H) User Input of Water Quality Capture Volume (WQCV) Design Volume Vwacy user = cu ft
(Only if a different WQCV Design Volume is desired)

2. Basin Geometry
A) WQCV Depth Dwacv = 1.3 ft
B) Sand Filter Side Slopes (Horizontal distance per unit vertical, Z= 3.00 ft/ft

4:1 or flatter preferred). Use "0" if sand filter has vertical walls.

DIFFICULT TO MAINTAIN, INCREASE WHERE POSSIBLE

C) Minimum Filter Area (Flat Surface Area) Awin = 1022 sq ft
D) Actual Filter Area Anctual = 1322 sq ft
E) Volume Provided Vi= 2637 cu ft
. ) Choose One
3. Filter Material {@ 18" CDOT Class B or C Filter Material
() Other (Explain):
4. Underdrain System
Choosa One
£ . YES
A) Are underdrains provided?
) NO
B) Underdrain system orifice diameter for 12 hour drain time
i) Distance From Lowest Elevation of the Storage y= 2.0 ft
Volume to the Center of the Orifice
i} Volume to Drain in 12 Hours Vol = 2,132 cu ft
iiiy Orifice Diameter, 3/8" Minimum Dog= 1-1/16 in

Pond DP2 UD-BMP_v3.06.xIsm, SF

9/27/2019, 10:32 AM



Design Procedure Form: Sand Filter (SF)

Sheet 2 of 2
Designer: D. Gorman
Company: M.V.E., Inc.
Date: September 27, 2019
Project: Monument Small Engine Storage
Location: Basin A2- Pond at DP3

Choose One

(JYES @NO

5. Impermeable Geomembrane Liner and Geotextile Separator Fabric

A) Is an impermeable liner provided due to proximity
of structures or groundwater contamination?

6-7. Inlet / Outiet Works
12" pvc pipe outlet and 15' wide emergency spillway

A) Describe the type of energy dissipation at inlet points and means of
conveying flows in excess of the WQCYV through the outlet

Notes:

Pond DP2 UD-BMP_v3.06.xlsm, SF 9/27/2019, 10:32 AM



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, inc.

61092-DP1 Culvert

Thursday, Sep 26 2019

Circular Highlighted
Diameter (ft) = 0.66 Depth (ft) = 0.56
Q (cfs) = 2.000
Area (sqft) = 0.31
Invert Elev (ft) = 6971.00 Velocity (ft/s) = 6.46
Slope (%) = 2.00 Wetted Perim (ft) = 1.55
N-Value = 0.011 Crit Depth, Yc (ft) = 0.63
Top Width (ft) = 047
Calculations EGL (ft) = 1.21
Compute by: Known Q
Known Q (cfs) = 2.00
Elev (ft) Section
6972.00
6971.75
/ﬁ\
6971.50 /’ — \\
6971.25
6971.00
6970.75
0 1

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Proposed V-Ditch Swale A

Thursday, Sep 26 2019

Triangular Highlighted
Side Slopes (z:1) = 3.00, 3.00 Depth (ft) = 0.41
Total Depth (ft) = 1.00 Q (cfs) = 2.000
Area (sqft) = 0.50
Invert Elev (ft) = 100.00 Velocity (ft/s) = 3.97
Slope (%) = 4.00 Wetted Perim (ft) = 2.59
N-Value = 0.025 Crit Depth, Yc (ft) = 0.49
Top Width (ft) = 2.46
Calculations EGL (ft) = 0.65
Compute by: Known Q
Known Q (cfs) = 2.00
Elev (ft) Section Depth (ft)
102.00 2.00
101.50 1.50
101.00 1.00
N P
N\
\ /
100.50 <y 7 0.50
e //
100.00 0.00
99.50 -0.50
0 2 4 5 6

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Proposed V-Ditch Swale B

Thursday, Sep 26 2019

Depth (ft)

2.00

1.50

Triangular Highlighted
Side Slopes (z:1) = 3.00, 3.00 Depth (ft) = 1.18
Total Depth (ft) = 1.50 Q (cfs) = 23.80
Area (sqft) = 418
Invert Elev (ft) = 100.00 Velocity (ft/s) = 5.70
Slope (%) = 2.00 Wetted Perim (ft) = 7.46
N-Value = 0.025 Crit Depth, Yc (ft) = 1.32
Top Width (ft) = 7.08
Calculations EGL (ft) = 1.68
Compute by: Known Q
Known Q (cfs) = 23.80
ElSY i Section
102.00
101.50
Avd
N\ - /
101.00
N\, /
N 4
100.50
\\//
100.00
©9.50
0 1 3 4 5 6 7 8 9 10 11

Reach (ft)

1.00

0.50

0.00

-0.50



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Pond Outfall Swale C

Thursday, Sep 26 2019

Trapezoidal Highlighted
Bottom Width (ft) = 2.00 Depth (ft) = 0.90
Side Slopes (z:1) = 3.00, 3.00 Q (cfs) = 23.80
Total Depth (ft) = 1.50 Area (sqft) = 4.23
Invert Elev (ft) = 48.00 Velocity (ft/s) = 5.63
Slope (%) = 4.00 Wetted Perim (ft) = 7.69
N-Value = 0.035 Crit Depth, Yc (ft) = 1.03

Top Width (ft) = 7.40
Calculations EGL (ft) = 1.39
Compute by: Known Q
Known Q (cfs) = 23.80
Elev (ft) Section Depth (ft)
50.00 2.00
49.50 1.50

/
//
\\ //
49.00 N ~ 7 1.00
N =
\
\\
48.50 0.50
\
\
48.00 \ 0.00
47.50 -0.50
0 2 4 6 8 10 12 14 16

Reach (ft)
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Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Monument Small Engine Downstream Outfall to Creek - 100-year

——

Monday, Jan 20 2020

User-defined Highlighted

Invert Elev (ft) = 6649.95 — Depth (ft) = 043

Slope (%) = 3.79 Q (cfs) = 20.30

N-Value = 0.035 Area (sqft) = 7.26

— Velocity (ft/s) = 2.79

Calculations Wetted Perim (ft) = 33.69

Compute by: Known Q Crit Depth, Yc (ft) = 045

Known Q (cfs) = 20.30 Top Width (ft) = 33.67

EGL (ft) = 0.55

(Sta, El, n)-(Sta, El, n)...

( 0.00, 6651.00)-(63.00, 6650.00, 0.035)-(66.00, 6649.95, 0.035)-(67.00, 6650.00, 0.035)-(82.00, 6651.00, 0.035)

Elev (ft) Section Depth (ft)
6652.00 2.05
6651.50 1.55
6651.00 1.05

/

\ /

= /
6650.50 0.55

SN hd //
\
6650.00 N / 0.05
6649.50 -0.45
6649.00 -0.95
-10 10 20 30 40 50 60 70 80 90 100

Sta (ft)



11 Report Maps

Existing Condition Hydraulic Analysis Map (Map Pocket)
Proposed Condition Hydraulic Analysis Map (Map Pocket)
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