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Drainage Letter

for:

CRACKERJACK
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El Paso County, Colorado Springs, Colorado

Prepared for:
Hammers Construction, LLC.
1411 Woolsey Heights
Colorado Springs, CO 809151
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Attn: Yury Dyachenko

Prepared by:
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Dated:
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Gaiioway

Planning. Architecture. Engineering

CERTIFICATION STATEMENTS

The attached drainage plan and report were prepared under my direction and supervision and are correct to the
best of my knowledge and belief. Said drainage report has been prepared according to the criteria established by
the County for drainage reports and said report is in conformity with the applicable master plan of the drainage
basin. I accept responsibility for any liability caused by any negligent acts, errors or omissions on my part in
preparing this report.

Todd Cartwright Date
Registered Professional Engineer
State of Colorado No. 33365

Developer’s Statement:
I, the developer have read and will comply with all of the requirements specified in this drainage report and plan.

Hammers Construction

By:

Title:

Address: 1411 Woolsey Heights
Colorado Springs, CO 80915

CITY OF COLORADO SPRINGS:
Filed in accordance with the requirements of the Drainage Criteria Manual, VVolumes 1 & 2, El Paso County
Engineering Criteria Manual and Land Development Code as amended.

Jennifer Irvine, P.E.
County Engineer/ECM Administrator

Conditions:

Replace with County Signature Block.
El Paso County:

Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes
1 and 2, El Paso County Engineering Criteria Manual and Land Development Code
as amended.
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El Paso County:

Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes 1 and 2, El Paso County Engineering Criteria Manual and Land Development Code as amended.


Hammers Construction
CBP 2, Lot 6 — Crackerjack
6/27/17

I. GENERAL LOCATION AND DRAINAGE DESIGN DESCRIPTION

A. Purpose

The purpose of this letter is to show that there shall be no negative drainage effects associated
with the proposed development of Lot 6 within the Claremont Business Park Filing 2A, recorded
4/14/2010 under Reception No. 210713035 of the El Paso County Records. This final drainage
letter is being submitted concurrently with the improvement construction plans proposing a light
industrial building and the associated drivelines.

B. Property Description

The proposed project site is within the Northeast Quarter of Section 8, Township 14 South, Range
65 West of the 6" Principal Meridian. The site can be further described as bounded by Cole
View on the north and McClain Point on the east. See Figure 1. Lot 6 consists of approximately

0.3 acres and is currently vacant._ The sed onsists, of all infrast ically
associated with light industrial de\%fao t. P}\ﬁ 5‘1 bﬁ@ﬁ@m SE@E@B‘E‘E{] curb,
lighting, and landscaping. 06- 08 B137P adjusted the FIRM roodealn The

site is within unshaded Zone X per the LOMR.

C. Existing Drainage Characteristics

The site is currently vacant with a relatively new roadway infrastrucjure and associated utilities
with slopes ranging from 0-4% from northeast to southwest S from the site run in a sheet-
flow manner and drain to the northwest portion of t , and then eventually outfalls to an
existing storm sewer collection system at ¢ rthwest corner of Lot 6 and ultimately discharges

RI-wap 08041C0752F, effective March 17, 1997, the site lies within
Shaded Zone X Shaded Zone X is identified as areas of 500-year flood; areas of 100-year flood

) ensite ‘ 0 p d asphalt, a building and, a Storm Water Quality
FaC|I|ty and landscaping. The subject site[was previously analyzed within the Final Drainage
Report (FDR) for Claremont Business Park|Filing 2 prepared by Matrix Design Group approved
04/23/2007. Onsite Water Quality Control Volume (WQCV) is required but on-site storm water
detention is not required per the FDR for Clgremont Business Park Filling 2A.

The post-developed flows from Lot 6 shall{be directed to a Storm Water Quality Facility (rain
garden type), which is located along the wegtern property line along Cole View. Flows enter the
Rain Garden near the northwestern portion ¢f the site via a storm drain system (1.4 cfs for the 5-
yr and 2.7 cfs for the 100-yr). See Appendix B for the hydraulic design details of the storm drain
system. Flows also enter the Rain Garden near the northwestern portion of the site via curb
opening (1 cfs for the 5-yr and 3 cfs for the 100-yr). The Rational calculations were made
knowing an existing hydraulic soil group (H5C) of type A (See Appendix B).

Discuss and evaluate stormwater run-on draining into the site from
the upstream lot.

Add the drainage report for Lots 18-20 (PCD Project File No.
PPR172 in the References.

Galloway & Company, Inc. e 719.900.7220 e 1755 Telstar Drive, Suite 107 e Colorado Springs, CO 80920 e www.GallowayUS.com
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Hammers Construction
CBP 2, Lot 6 — Crackerjack
6/27/17

Flows that penetrate the Rain Garden will discharge into an existing storm drain catch basin
within Cole Point. Overflows from the Rain Garden will overtop a berm near the southwestern
portion of the site and flow into Cole Point as it does currently.

F. Water Quality Provisions — Rain Garden

The proposed Rain Garden will be built per Urban Drainage and Flood Control recommendations
(see Appendix B for additional information on the Rain Garden). The volume provided by the
Rain Garden is approximately 297 cu-ft which exceeds the required Water Quality Control
Volume of 263 cu-ft. The size of the Rain Garden is based on an impervious area of 75%, a
drainage area of approximately 4.8 acres, and a runoff of 0.6-inches of precipitation per City of
Colorado Springs — Drainage Criteria Manual Volume 2. See Appendix B for Design Procedure

Form for Sand Filter. Revise Reference to the Engineering
Criteria Manual Appendix I.

/olume 1, the four-step process was

Step 1: Employ Runoff Reduction Practices. Due to the small site, employing runoff reduction
practices is not possible.

Step 2: Stabililze Drainageways. There are no stream channels onsite to stabilize.

Step 3: Provide Water Quality Capture Volume (WQCV). The WQCV is being provided by a
Rain Garden located on the western edge of the property.

Step 4: Consider Need for Industrial and Commercial BMPs. Due to the small-scale
development of the site, no additional source controls are necessary.

H. Private Water Quality Facility — Cost Estimate
Private Water Quality Facility (rain garden): $6,000

I. Drainage Fees

Since the property has already been platted, no drainage fees are required to be paid.
State that this drainage letter is
II. CONCLUSIONS in conformance to the FDR for
CBP Fil 2.
The proposed runoff patterns for the site have no negative drainage effects within Claremont Business
Park Filing 2A or the surrounding area. The methodolsgies and drainage criteria used in the overall
drainage design meet the current City DCM requirements

III. REFERENCES

1. Drainage Criteria Manual Volumes 1 & 2, City of Colorado Springs, most recent version.
Revise reference to the El Paso County DCM.

The County have only adopted portions of the
City's DCMV1.

Galloway & Company, Inc. e 719.900.7220 e 1755 Telstar Drive, Suite 107 e Colorado Springs, CO 80920 e www.GallowayUS.com


dsdlaforce
Cloud+

dsdlaforce
Cloud+
Revise Reference to the Engineering Criteria Manual Appendix I.

dsdlaforce
Callout
State that this drainage letter is in conformance to the FDR for CBP Fil 2.

dsdlaforce
Callout
Revise reference to the El Paso County DCM.  The County have only adopted portions of the City's DCMV1.


Hammers Construction
CBP 2, Lot 6 — Crackerjack
6/27/17

2. Urban Storm Drainage and Criteria Manual, Urban Drainage and Flood Control District, most
recent version.

3. Final Drainage Report for Claremont Business Park Filing No. 2, November 2006, by the Matrix
Design Group,

Galloway & Company, Inc. e 719.900.7220 e 1755 Telstar Drive, Suite 107 e Colorado Springs, CO 80920 e www.GallowayUS.com



FIGURES

1) VICINITY MAP
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APPENDIX A

2) RAIN GARDEN DESIGN INFORMATION
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Bioretention

Description

A BMP that utilizes bioretention is an
engineered, depressed landscape area
designed to capture and filter or infiltrate the
water quality capture volume (WQCV).
BMPs that utilize bioretention are frequently
referred to as rain gardens or porous
landscape detention areas (PLDs). The term
PLD is common in the UDFCD region as this
manual first published the BMP by this name
in 1999. In an effort to be consistent with
terms most prevalent in the stormwater

industry, this document generally refers to the
treatment process as bioretention and to the
BMP as a rain garden.

The design of a rain garden may provide

detention for events exceeding that of the WQCV. There are
generally two ways to achieve this. The design can provide the
flood control volume above the WQCYV or the design can provide
and slowly release the flood control volume in an area
downstream of one or more rain gardens. See the Storage chapter
in Volume 2 of the USDCM for more information.

This infiltrating BMP requires consultation with a geotechnical
engineer when proposed adjacent to a structure. A geotechnical
engineer can assist with evaluating the suitability of soils,
identifying potential impacts, and establishing minimum distances
between the BMP and structures.

Terminology

The term bioretention refers to the
treatment process although it is also
frequently used to describe a BMP
that provides biological uptake and
retention of the pollutants found in
stormwater runoff. This BMP is
sometimes referred to as a porous
landscape detention (PLD) area or
rain garden.

Photograph B-1. This recently constructed rain garden provides
bioretention of pollutants, as well as an attractive amenity for a
residential building. Treatment should improve as vegetation matures.

Bioretention
(Rain Garden)

Functions

LID/Volume Red. Yes
WQCV Capture Yes
WQCV+Flood Control Yes
Fact Sheet Includes

EURYV Guidance No

Typical Effectiveness for Targeted
Pollutants’

Sediment/Solids Very Good'
Nutrients Moderate
Total Metals Good
Bacteria Moderate
Other Considerations

Life-cycle Costs* Moderate

! Not recommended for watersheds with
high sediment yields (unless pretreatment is
provided).

* Based primarily on data from the
International Stormwater BMP Database

(www.bmpdatabase.org).

*Based primarily on BMP-REALCOST
available at www.udfcd.org. Analysis
based on a single installation (not based on
the maximum recommended watershed
tributary to each BMP).

November 2015

Urban Drainage and Flood Control District B-1

Urban Storm Drainage Criteria Manual Volume 3
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Bioretention

Site Selection

This BMP allows WQCYV treatment within one or more areas
designated for landscape (see design step 7 for suggusted
vegetation). In this way, it is an excellent alternative to
extended detention basins for small sites. A typical rain
garden serves a tributary area of one impervious acre or less,
although they can be designed for larger tributary areas.
Multiple installations can be used within larger sites. Rain
gardens should not be used when a baseflow is anticipated.
They are typically small and installed in locations such as:

= Parking lot islands

=  Street medians

= Landscape areas between the road and a detached walk
= Planter boxes that collect roof drains

Bioretention requires a stable watershed. Retrofit
applications are typically successful for this reason. When
the watershed includes phased construction, sparsely
vegetated areas, or steep slopes in sandy soils, consider
another BMP or provide pretreatment before runoff from
these areas reaches the rain garden.

The surface of the rain garden should be flat. For this
reason, rain gardens can be more difficult to incorporate into
steeply sloping terrain; however, terraced applications of
these facilities have been successful in other parts of the
country.

When bioretention (and other BMPs used for infiltration) are

Benefits

Bioretention uses multiple
treatment processes to remove
pollutants, including
sedimentation, filtering,
adsorption, evapotranspiration,
and biological uptake of
constituents.

Stormwater treatment occurs
within attractive landscaped areas.

There is a potential reduction of
irrigation requirements by taking
advantage of site runoff.

Limitations

Additional design and
construction steps are required for
placement of any ponding or
infiltration area near or upgradient
from a building foundation and/or
when expansive (low to high
swell) soils exist. This is
discussed in the design procedure
section.

In developing or otherwise erosive
watersheds, high sediment loads
can clog the facility.

located adjacent to buildings or pavement areas, protective measures should be implemented to avoid
adverse impacts to these structures. Oversaturated subgrade soil underlying a structure can cause the

structure to settle or result in moisture-related problems. Wetting of expansive soils or bedrock can cause
swelling, resulting in structural movements. A geotechnical engineer should evaluate the potential impact
of the BMP on adjacent structures based on an evaluation of the subgrade soil, groundwater, and bedrock

conditions at the site. Additional minimum requirements include:

= In locations where subgrade soils do not allow infiltration and/or where infiltration could adversely
impact adjacent structures, include a drainage layer (with underdrain) under the growing medium.

= In locations where potentially expansive soils or bedrock exist, placement of a rain garden adjacent to
structures and pavement should only be considered if the BMP includes a drainage layer (with
underdrain) and an impermeable geomembrane liner designed to restrict seepage.

B-2 Urban Drainage and Flood Control District November 2015

Urban Storm Drainage Criteria Manual Volume 3



Bioretention T-3

Designing for Maintenance Is Pretreatment Needed?
Recommended maintenance practices for all BMPs are in Chapter Designing the inflow gutter to
6 of this manual. During design, consider the following to ensure the rain garden at a minimal
case of maintenance over the long-term: slope of 0.5% can facilitate
sediment and debris deposition
= Do not put a filter sock on the underdrain. This is not prior to flows entering the BMP.
necessary and can cause the underdrain to clog. Be aware, this will reduce

) ) . maintenance of the BMP, but
= The best surface cover for a rain garden is full vegetation. Use may require more frequent

rock mulch sparingly within the rain garden because rock sweeping of the gutter to ensure
mulch limits infiltration and is more difficult to maintain. that the sediment does not
Wood mulch handles sediment build-up better than rock impede flow into the rain
mulch; however, wood mulch floats and may clog the garden.

overflow depending on the configuration of the outlet or settle
unevenly. Some municipalities may not allow wood mulch for
this reason.

= Consider all potential maintenance requirements such as mowing (if applicable) and replacement of
the growing medium. Consider the method and equipment for each task required. For example, in a
large rain garden where the use of hand tools is not feasible, does the shape and configuration of the
rain garden allow for removal of the growing medium using a backhoe?

»  Provide pre-treatment when it will reduce the extent and frequency of maintenance necessary to
maintain function over the life of the BMP. For example, if the tributary is larger than one acre,
prone to debris or the use of sand for ice control, consider a small forebay.

= Make the rain garden as shallow as possible. Increasing the depth unnecessarily can create erosive
side slopes and complicate maintenance. Shallow rain gardens are also more attractive.

= Design and adjust the irrigation system (temporary or permanent) to provide appropriate water for the
establishment and maintenance of selected vegetation.

Design Procedure and Criteria

1. Subsurface Exploration and Determination of a No-Infiltration, Partial Infiltration, or Full
Infiltration Section: Infiltration BMPs can have three basic types of sections. The appropriate
section will depend on land use and activities, proximity to adjacent structures and soil
characteristics. Sections of each installation type are shown in Figure B-1.
=  No-Infiltration Section: This section includes an underdrain and an impermeable liner that

prevents infiltration of stormwater into the subgrade soils. Consider using this section when any
of the following conditions exist:

o The site is a stormwater hotspot and infiltration could result in contamination of
groundwater.

o The site is located over contaminated soils and infiltration could mobilize these
contaminants.

o The facility is located over potentially expansive soils or bedrock that could swell due to
infiltration and potentially damage adjacent structures (e.g., building foundation or
pavement).

= Partial Infiltration Section: This section does not include an impermeable liner, and allows
some infiltration. Stormwater that does not infiltrate is collected and removed by an underdrain

November 2015 Urban Drainage and Flood Control District B-3
Urban Storm Drainage Criteria Manual Volume 3



T-3

Bioretention

system.
Full Infiltration Section: This section is designed to infiltrate the water stored in the basin
into the subgrade below. UDFCD recommends a minimum infiltration rate of 2 times the rate
needed to drain the WQCV over 12 hours. A conservative design could utilize the partial
infiltration section with the addition of a valve at the underdrain outlet. In the event that
infiltration does not remain adequate following construction, the valve could be opened and
allow this section to operate as a partial infiltration section.

A geotechnical engineer should scope and perform a subsurface study. Typical geotechnical
investigation needed to select and design the section includes:

Prior to exploration review geologic and geotechnical information to assess near-surface soil,
bedrock and groundwater conditions that may be encountered and anticipated ranges of
infiltration rate for those materials. For example, if the facility is located adjacent to a structure
and the site is located in a general area of known shallow, potentially expansive bedrock, a no-
infiltration section will likely be required. It is also possible that this BMP may be infeasible,
even with a liner, if there is a significant potential for damage to the adjacent structures (e.g.,
areas of dipping bedrock).

Drill exploratory borings or exploratory pits to characterize subsurface conditions beneath the
subgrade and develop requirements for subgrade preparation. Drill at least one boring or pit for
every 40,000 ft, and at least two borings or pits for sites between 10,000 ft* and 40,000 ft’.
The boring or pit should extend at least 5 feet below the bottom of the base, and at least 20 feet
in areas where there is a potential of encountering potentially expansive soils or bedrock. More
borings or pits at various depths may be required by the geotechnical engineer in areas where
soil types may change, in low-lying arcas where subsurface drainage may collect, or where the
water table is likely within 8 feet below the planned bottom of the base or top of subgrade.
Installation of temporary monitoring wells in selected borings or pits for monitoring
groundwater levels over time should be considered where shallow groundwater is encountered.
Perform laboratory tests on samples obtained from the borings or pits to initially characterize
the subgrade, evaluate the possible section type, and to assess subgrade conditions for
supporting traffic loads. Consider the following tests: moisture content (ASTM D 2216); dry
density (ASTM D 2936); Atterberg limits (ASTM D 4318); gradation (ASTM D 6913); swell-
consolidation (ASTM D 4546); subgrade support testing (R-value, CBR or unconfined
compressive strength); and hydraulic conductivity. A geotechnical engineer should determine
the appropriate test method based on the soil type.

For sites where a full infiltration section may be feasible, perform on-site infiltration tests using
a double-ring infiltrometer (ASTM D 3385). Perform at least one test for every 160,000 ft* and
at least two tests for sites between 40,000 ft* and 160,000 ft>. The tests should be located near
completed borings or pits so the test results and subsurface conditions encountered in the
borings can be compared, and at least one test should be located near the boring or pit showing
the most unfavorable infiltration condition. The test should be performed at the planned top of
subgrade underlying the growing media.

Be aware that actual infiltration rates are highly variable dependent on soil type, density and
moisture content and degree of compaction as well as other environmental and construction
influences. Actual rates can differ an order of magnitude or more from those indicated by
infiltration or permeability testing. Select the type of section based on careful assessment of the
subsurface exploration and testing data.

Urban Drainage and Flood Control District November 2015
Urban Storm Drainage Criteria Manual Volume 3
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The following steps outline the design procedure and criteria, with Figure B-1 providing a corresponding
cross-section.

2. Basin Storage Volume: Provide a storage volume based on a 12-hour drain time.

Find the required WQCYV (watershed inches of runoff). Using the imperviousness of the tributary
area (or effective imperviousness where LID elements are used upstream), use Figure 3-2 located
in Chapter 3 of this manual to determine the WQCYV based on a 12-hour drain time.

Calculate the design volume as follows:

Vo= [WQCV] 2

Equation B-1
12

Where:
V= design volume (ft’)

A = area of watershed tributary to the rain garden (ft’)

3. Basin Geometry: UDFCD recommends a maximum WQCYV ponding depth of 12 inches to
maintain vegetation properly. Provide an inlet or other means of overflow at this elevation.
Depending on the type of vegetation planted, a greater depth may be utilized to detain larger
(more infrequent) events. The bottom surface of the rain garden, also referred to here as the filter
area, should be flat. Sediment will reside on the filter area of the rain garden; therefore, if the
filter area is too small, it may clog prematurely. If the filter area is not flat, the lowest area of the
filter is more likely to clog as it will have a higher sediment loading. Increasing the filter area
will reduce clogging and decrease the frequency of maintenance. Equation B-2 provides a
minimum filter area allowing for some of the volume to be stored beyond the area of the filter
(i.e., above the sideslopes of the rain garden).

Note that the total surcharge volume provided by the design must also equal or exceed the design
volume. Where needed to meet the the required volume, also consider the porosity of the media at 14
percent. Use vertical walls or slope the sides of the basin to achieve the required volume. Sideslopes
should be no steeper than 4:1 (horizontal:vertical).

Ap =0.0241
Equation B-2

Where:
A= minimum (flat) filter area (ft)
A = area tributary to the rain garden (ft)

I= imperviousness of area tributary to the rain garden (percent expressed as a decimal)

November 2015 Urban Drainage and Flood Control District B-5
Urban Storm Drainage Criteria Manual Volume 3
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4. Growing Medium: Provide a minimum of 18 inches of growing medium to enable
establishment of the roots of the vegetation (see Figure B-1). A previous version of this manual
specified a mixture consisting of 85% coarse sand and a 15% compost/shredded paper mixture
(by volume). Based on field monitoring of this medium, compost was removed to reduce export
of nutrients and fines and silts were added to both benefit the vegetation and increase capture of
metals in stormwater.

Table B-1 specifies the growing media as well as other materials discussed in this Fact Sheet.
Growing media is engineered media that requires a high level of quality control and must almost
always be imported. Obtaining a particle size distribution and nutrient analysis is the only way to
ensure that the media is acceptable. UDFCD has identified placement of media not meeting the
specification as the most frequent cause of failure. Sample the media after delivery and prior to
placement or obtain a sample from the supplier in advance of delivery and placement and have this
analyzed prior to delivery.

Other Rain Garden Growing Medium Amendments

The specified growing medium was designed for filtration ability, clogging characteristics, and
vegetative health. It is important to preserve the function provided by the rain garden growing
medium when considering additional materials for incorporation into the growing medium or into the
standard section shown in Figure B-1. When desired, amendments may be included to improve water
quality or to benefit vegetative health as long as they do not add nutrients, pollutants, or modify the
infiltration rate. For example, a number of products, including steel wool, capture and retain
dissolved phosphorus (Erickson 2009). When phosphorus is a target pollutant, proprietary materials
with similar characteristics may be considered. Do not include amendments such as top soil, sandy
loam, and compost.

Urban Drainage and Flood Control District November 2015
Urban Storm Drainage Criteria Manual Volume 3
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Table B-1. Material specification for bioretention/rain garden facilities
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5. Underdrain System: When using an underdrain system, provide a control orifice sized to drain
the design volume in 12 hours or more (see Equation B-3). Use a minimum orifice size of 3/8
inch to avoid clogging. This will provide detention and slow release of the WQCYV, providing
water quality benefits and reducing impacts to downstream channels. Space underdrain pipes a
maximum of 20 feet on center. Provide cleanouts to enable maintenance of the underdrain.
Cleanouts can also be used to conduct an inspection (by camera) of the underdrain system to
ensure that the pipe was not crushed or disconnected during construction.

Calculate the diameter of the orifice for a 12-hour drain time using Equation B-3 (Use a minimum orifice
size of 3/8 inch to avoid clogging.):

V .
D12 hour drain time = ’m Equation B-3

Where:
D = orifice diameter (in)
y = distance from the lowest elevation of the storage volume
(i-e., surface of the filter) to the center of the orifice (ft)
vV =volume (WQCYV or the portion of the WQCYV in the rain garden)

to drain in 12 hours (ft’)

In previous versions of this manual, UDFCD recommended that the underdrain be placed in an
aggregate layer and that a geotextile (separator fabric) be placed between this aggregate and the
growing medium. This version of the manual replaces that section with materials that, when used
together, eliminate the need for a separator fabric.

The underdrain system should be placed within an 6-inch-thick section of CDOT Class B or Class C
filter material meeting the gradation in Table B-1. Use slotted pipe that meets the slot dimensions
provided in Table B-3.

B-8 Urban Drainage and Flood Control District November 2015
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6. Impermeable Geomembrane
Liner and Geotextile
Separator Fabric: For no-
infiltration sections, install a
30 mil (minimum) PVC
geomembrane liner, per Table
B-1, on the bottom and sides of
the basin, extending up at least
to the top of the underdrain
layer. Provide at least 9 inches
(12 inches if possible) of cover
over the membrane where it is
attached to the wall to protect
the membrane from UV
deterioration. The
geomembrane should be field-
seamed using a dual track

welder, which allows for non-

destructive testing of almost Photograph B-2. The impermeable membrane in this photo has ripped
from the bolts due to placement of the media without enough slack in the
membrane.

all field seams. A small
amount of single track is
allowed in limited areas to
seam around pipe perforations,
to patch seams removed for
destructive seam testing, and
for limited repairs. The liner
should be installed with slack
to prevent tearing due to
backfill, compaction, and
settling. Place CDOT Class B
geotextile separator fabric
above the geomembrane to
protect it from being punctured
during the placement of the
filter material above the liner.
If the subgrade contains angular
rocks or other material that
could puncture the
geomembrane, smooth-roll the
surface to create a suitable
surface. If smooth-rolling the
surface does not provide a
suitable surface, also place the separator fabric between the geomembrane and the underlying
subgrade. This should only be done when necessary because fabric placed under the
geomembrane can increase seepage losses through pinholes or other geomembrane defects.
Connect the geomembrane to perimeter concrete walls around the basin perimeter, creating a
watertight seal between the geomembrane and the walls using a continuous batten bar and anchor
connection (see Figure B-3). Where the need for the impermeable membrane is not as critical,
the membrane can be attached with a nitrile-based vinyl adhesive. Use watertight PVC boots for
underdrain pipe penetrations through the liner (see Figure B-2) or the technique shown in photo
B-3.

November 2015 Urban Drainage and Flood Control District B-9
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Photograph B-3. Ensure a water-tight connection where the underdrain
penetrated the liner. The heat-welded “boot” shown here is an alternative to
the clamped detail shown in Figure B-2.




Bioretention

Table B-2. Physical requirements for separator fabric'

Class B
Property Test Method
Elongation < 50%° Elongation > 50%°
Grab Strength, N (Ibs.) 800 (180) 510 (115) ASTM D 4632
Puncture Resistance, N (Ibs.) 310 (70) 180 (40) ASTM D 4833
Trapezoidal Tear Strength, N (Ibs.) 310 (70) 180 (40) ASTM D 4533

Apparent Opening Size, mm (US

AOS < 0.3mm (US Sieve Size No. 50) ASTM D 4751

Sieve Size)
0.02 default value, must also be greater than
e -1 ’
Permittivity, sec that of soil ASTM D 4491
Permeability, cm/sec k fabric > k soil for all classes ASTM D 4491
Ultraviolet Degradation at 500 hours 50% strength retained for all classes ASTM D 4355

! Strength values are in the weaker principle direction

2 As measured in accordance with ASTM D 4632

Inlet and Outlet Control: In order to provide the proper drain time, the bioretention area can be
restricted at the underdrain outlet with an orifice plate or can be demgned without an underdram
(provided the subgrade meets the b A
requirements above). Equation B-3 is
a simplified equation for sizing an
orifice plate for a 12-hour drain time.
UD-BMP or UD-Detention, available
at www.udfcd.org, also perform this
calculation.

How flow enters and exits the BMP is
a function of the overall drainage
concept for the site. Curb cuts can be
designed to both allow stormwater into
the rain garden as well as to provide
release of stormwater in excess of the
WQCV. Roadside rain gardens
located on a steep site might pool and T a PR PR L A e
overflow into downstream cells with a Photograph B-4. The curb cut shown allows flows to enter this
single curb cut, level spreader, or outlet  rain garden while excess flows bypass the facility.

structure located at the most

downstream cell. When selecting the

B-10
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type and location of the outlet structure, ensure runoff will not short-circuit the rain garden. This
is a frequent problem when using a curb inlet located outside the rain garden for overflow.

For rain gardens with concentrated points of inflow, provide a forebay and energy dissipation. A
depressed concrete slab works best for a forebay. It helps maintain a vertical drop at the inlet and
allows for easily removal of sediment using a square shovel. Where rock is used for energy
dissipation, provide separator fabric between the rock and growing medium to minimize
subsidence.

8. Vegetation: UDFCD recommends that the filter area be vegetated with drought tolerant species
that thrive in sandy soils. Table B-3 provides a suggested seed mix for sites that will not need to
be irrigated after the grass has been established.

Mix seed well and broadcast, followed by hand raking to cover seed and then mulched.
Hydromulching can be effective for large areas. Do not place seed when standing water or snow
is present or if the ground is frozen. Weed control is critical in the first two to three years,
especially when starting with seed.

When using sod, specify sand—grown sod. Do not use conventional sod. Conventional sod is
grown in clay soil that will seal the filter area, greatly reducing overall function of the BMP.

When using an impermeable liner, select plants with diffuse (or fibrous) root systems, not
taproots. Taproots can damage the liner and/or underdrain pipe. Avoid trees and large shrubs
that may interfere with restorative maintenance. Plant these outside of the area of growing
medium. Use a cutoff wall to ensure that roots do not grow into the underdrain or place trees and
shrubs a conservative distance from the underdrain.

9. Trrigation: Provide spray irrigation at or above the WQCYV elevation or place temporary
irrigation on top of the rain garden surface. Do not place sprinkler heads on the flat surface.
Remove temporary irrigation when vegetation is established. If left in place this will become
buried over time and will be damaged during maintenance operations.

Adjust irrigation schedules during the growing season to provide the minimum water necessary to
maintain plant health and to maintain the available pore space for infiltration.

Designing for Flood Protection

Provide the WQCYV in rain gardens that direct excess flow into to a landscaped basin designed for
flood control or design a single basin to provide water quality and flood control. See the Storage
chapter in Volume 2 of the USDCM for more information. UD-Detention, available at
www.udfcd.org, will facilitate design either alternative.

November 2015 Urban Drainage and Flood Control District B-11
Urban Storm Drainage Criteria Manual Volume 3



Bioretention

Table B-3. Native seed mix for rain gardens

Common Name Scientific Name Variety PLS’ Ounces
Ibs per per
Acre Acre
Sand bluestem Andropogon hallii Garden 3.5
Sideoats grama Bouteloua curtipendula Butte 3
Prairie sandreed Calamovilfa longifolia Goshen 3
Indian ricegrass Oryzopsis hymenoides Paloma 3
Switchgrass Panicum virgatum Blackwell 4
Western wheatgrass Pascopyrum smithii Ariba 3
Little bluestem Schizachyrium scoparium Patura 3
Alkali sacaton Sporobolus airoides 3
Sand dropseed Sporobolus cryptandrus 3
Pasture sage' Artemisia frigida 2
Blue aster’ Aster laevis 4
Blanket flower' Gaillardia aristata 8
Prairie coneflower’ Ratibida columnifera 4
Purple prairieclover' Dalea (Petalostemum) purpurea 4
Sub-Totals: 27.5 22
Total Ibs per acre: 28.9
"'Wildflower seed (optional) for a more diverse and natural look.
? PLS = Pure Live Seed.
B-12 Urban Drainage and Flood Control District November 2015
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Aesthetic Design

In addition to effective stormwater quality treatment, rain gardens can be attractively incorporated into a
site within one or several landscape areas. Aesthetically designed rain gardens will typically either reflect
the character of their surroundings or become distinct features within their surroundings. Guidelines for
cach approach are provided below.

Reflecting the Surrounding

= Determine design characteristics of the surrounding. This becomes the context for the drainage
improvement. Use these characteristics in the structure.

= Create a shape or shapes that "fix" the forms surrounding the improvement. Make the improvement
part of the existing surrounding.

= The use of material is essential in making any new

. . i Reflective Design
improvement an integral part of the whole. Select materials

that are as similar as possible to the surrounding A reflective design borrows the
architectural/engineering materials. Select materials from the  characteristics, shapes, colors,
same source if possible. Apply materials in the same materials, sizes and textures of
quantity, manner, and method as original material. the built surroundings. The result

is a design that fits seamlessly
and unobtrusively in its
environment.

= Size is an important feature in seamlessly blending the
addition into its context. If possible, the overall size of the
improvement should look very similar to the overall sizes of
other similar objects in the improvement area.

= The use of the word texture in terms of the structure applies predominantly to the selection of plant
material. The materials used should as closely as possible, blend with the size and texture of other
plant material used in the surrounding. The plants may or may not be the same, but should create a
similar feel, either individually or as a mass.

Creating a Distinct Feature

Designing the rain garden as a distinct feature is limited only by budget, functionality, and client
preference. There is far more latitude in designing a rain garden that serves as a distinct feature. If this is
the intent, the main consideration beyond functionality is that the improvement create an attractive
addition to its surroundings. The use of form, materials, color, and so forth focuses on the improvement
itself and does not necessarily reflect the surroundings, depending on the choice of the client or designer.

November 2015 Urban Drainage and Flood Control District B-13
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IMPERVIOUS
AREA
FILTER AREA (FLAT)
| |
PLAN
NTS SLOTTED CURB
Figure B-1 — Typical rain garden plan and sections
B-14 Urban Drainage and Flood Control District November 2015
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WHEEL STOP
{
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RAIN GARDEN GROWING MEDIA
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SOLID CLEAN OUT
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FOR COMNNECTION TO CONCRETE)
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WHEEL STOR

/ o RAIN GARDEM GROWING MEDIA

/

/-' — WQCV WSE
! .'ll

WATER TIGHT CAP CN
SOLID CLEAN OUT

=

[ MAX

|— SOLID 4" CLEAN OUT, 90° SWEEF
OR (2) 45 BENDS

MIN.

MIN.

SEPARATOR FABRIC
WHEN SUBGRADE IS )
NCOT COMPATIBLE WITH SLOTTED PIPE

FILTER WMATERIAL MEETING TABLE B—1

FILTER MATERIAL MEETING
SECTICN TABLE 8-1
NTS (:)

RAIN GARDEN GROWING MEDIA

_ [ —— wocv wsE
—l | /

WATER TIGHT CAF ON
SOLID CLEAN OUT

SOLID 4" CLEAW OUT, 30" SWEEP
OR (2) 45 BENDS

SEPARATOR FABRIC
WHEM SUBGRADE IS - .
NOT COMPATIELE WITH SLOTTED PIPE

FILTER MATERIAL MEETING TABLE 8-1

FILTER MATERIAL MEETING

SECTION TABLE B—1
SECION(B)

PARTIAL INFILTRATION SECTIONS

y
4 -
Sl
=
AMENDED MATIVE WATERIAL
OR IMPORTED RAIN GARDEN
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T-3

VEGETATED FILTER AREA

ORIFICE PLATE TO :)RN\]\

WQCY OVER 12 HOURS

HEADWALL OR FLARED END SECTIOM

TYPE VL OR L RIPRAP MIXED WITH CDOT
CLASS B OR C FILTER MATERIAL

GEOTEXTILE SEPARATOR FABRIC

RAIN GARDEN GROWING MEDIA

CDOT CLASS B OR C FILTER
MATERIAL (FOR UNDERDRAIN)

SECTION (:)
NTS

WQCV WSE

~——— ADDITIONAL DETENTION VOLUME (OPTIONAL)

GRATED INLET

\ g ——— ADDITIONAL DETENTION
| 2-6 ORIFICE (OPTIONAL)
1
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w
=
-
Elg &
o o
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s Z
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s Z
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SATURATED SOIL CONDITIONS BETWEEN STORM EVENTS (OPTIONAL)
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STAINLESS STEEL
CLAMP

SOLID PIPE SLOTTED
BUYTL TAC TAPE (EXTEND 3" | UNDERDRAIN
PROVIDE SLACK MIN. BEYOND
\ | PIFE B80CT)

\X
/ y
30 MIL (MIN.) PVC LINER
PVC PIPE BOOT SKIRT

(FIELD SEAM ALL SIDES)

NOTE:
BACKFILL NOT SHOWN

Figure B-2. Geomembrane Liner/Underdrain Penetration Detail

TEMPORARILY ATTACH
FABRIC TO WALL DURING
BACKFILL PROCESS (DO NOT
WRAP AROUND BATTEN BAR)

3/8"x3" STAINLESS STEEL
ANCHOR BOLT, NUT &
WASHER @ 12" O.C.

BUYTL TAC TAPE— | .

30 MIL (MIN.) PVC LINER' — |

CONCRETE PERIMETER —/ 1

BARRIER

"PROVIDE SLACK IN LINER PLACEMENT TO ENSURE

PROPER

INSTALLATION AND BACKFILL WITHOUT

2" MIN.

1/4"%2" ALUMINUM, STAINLESS
STEEL OR GALVANIZED STEEL
BATTEN BAR?

GEQTEXTILE SEPARATOR
FABRIC

\PREPAR ED SUBGRADE

GEOTEXTILE SEPARATOR FABRIC

{IF SUBGRADE CONTAINS ANGULAR

DAMAGE

*NITRILE POLYMER BASED VINYL MEMBRANE
SEAMING ADHESIVE MAY BE USED AS AN
ALTERNATIVE TO THE BOLTED BATTEN BAR
IN AREAS WHERE THE NEED FOR AN
IMPERMEABLE LINER IS LESS CRITICAL.

ROCKS OR OTHER MATERIAL THAT
COULD PUNCTURE THE LINER)

NOTE:

BACKFILL AND
UNDERDRAIN SYSTEM
NOT SHOWN

Figure B-3. Geomembrane Liner/Concrete Connection Detail
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Construction Considerations

Proper construction of rain gardens involves careful attention to material specifications, final grades, and
construction details. For a successful project, implement the following practices:

= Protect area from excessive sediment
loading during construction. This is the RN
most common cause of clogging of rain :
gardens. The portion of the site draining
to the rain garden must be stabilized
before allowing flow into the rain
garden. This includes completion of
paving operations.

= Avoid over compaction of the area to
preserve infiltration rates (for partial and
full infiltration sections).

= Provide construction observation to
ensure compliance with design
specifications. Improper installation,
particularly related to facility dimensions

and elevations and underdrain elevations, Photograph B-3. Inadequate construction staking may have
is a common problem with rain gardens. contributed to flows bypassing this rain garden.

=  When using an impermeable liner, ensure
enough slack in the liner to allow for -
backfill, compaction, and settling without
tearing the liner.

= Provide necessary quality assurance and
quality control (QA/QC) when
constructing an impermeable
geomembrane liner system, including but
not limited to fabrication testing,
destructive and non-destructive testing of
field seams, observation of geomembrane
material for tears or other defects, and air
lace testing for leaks in all field seams and
penetrations. QA/QC should be overseen
by a professional engineer. Consider
requiring field reports or other

documentation from the engineer. Photograph B-4. Runoff passed the upradient rain garden, shown in
Photo B-3, and flooded this downstream rain garden.

= Provide adequate construction staking to
ensure that the site properly drains into the
facility, particularly with respect to surface drainage away from adjacent buildings. Photo B-3 and
Photo B-4 illustrate a construction error for an otherwise correctly designed series of rain gardens.

November 2015 Urban Drainage and Flood Control District B-19
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APPENDIX B

HYDRAULIC CALCULATIONS:
3) RATIONAL CALCULATIONS — PROPOSED CONDITION

4) DESIGN PROCEDURE FOR RAIN GARDEN
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Include a drainage map to clarify the limits of the basin.
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Design Procedure Form: Rain Garden (RG)

Designer:

UD-BMP (Version 3.06, November 2016)

Sheet 1 of 2

Company:

Date: June 28, 2017

Project:

Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, I,
(100% if all paved and roofed areas upstream of rain garden)

B) Tributary Area's Imperviousness Ratio (i = |,/100)

Provide the weighted
calculation for the percent
impervious. Number is

C) Water Quality Capture Volume (WQCV) for a 12-hour Drain Time WQCV = 0.24 watershed inches 1]
(WOCV=0.8 * (0.91* i*- 1.19 * #+ 0.78 * i) IOW based on the Area
D) Contributing Watershed Area (including rain garden area) Area=__ 13,153 sq ft R u n Off Coefﬂc'ent
1]
E) Water Quality Capture Volume (WQCV) Design Volume Vwocv = 263 cu ft S u m mary table .
Vol = (WQCV / 12) * Area 0 3/0 34_880/
. . - 0
F) For Watersheds Outside of the Denver Region, Depth of ds = in
Average Runoff Producing Storm
G) For Watersheds Outside of the Denver Region, Vwocv oTHER = cu ft
Water Quality Capture Volume (WQCV) Design Volume
H) User Input of Water Quality Capture Volume (WQCV) Design Volume Vwocv user = cu ft
(Only if a different WQCV Design Volume is desired)
2. Basin Geometry
A) WQCV Depth (12-inch maximum) Dwocv = 9 in
B) Rain Garden Side Slopes (Z = 4 min., horiz. dist per unit vertical) Z= 4.00 ft/ft
(Use "0" if rain garden has vertical walls) C han ge tO the 18"
C) Mimimum Flat Surface Area Avin = 197 sq ft R H
ain Garden
D) Actual Flat Surface Area Anctua = 199 sq ft G H H
rowing Media.
E) Area at Design Depth (Top Surface Area) Arop = 546 sq ft
F) Rain Garden Total Volume V= 279 cu ft
(VT: ((ATon + AAcluaI) / 2) * Depth)
LNCNCNCNCNCNCNCN
A) A) A) A) A) A) A)
3. Growing Media Choose One ] i
O 18" Rain Garden Growing Media
@ Other (Explain):
xerascape
4. Underdrain System
Choase One
YES
A) Are underdrains provided? ®
O NO
B) Underdrain system orifice diameter for 12 hour drain time
i) Distance From Lowest Elevation of the Storage y= 0.3 ft
Volume to the Center of the Orifice
i) Volume to Drain in 12 Hours Vol;, = 263 cu ft
i) Orifice Diameter, 3/8" Minimum Do = 1/2 in

UD-BMP_v3.06.xIsm, RG

6/28/2017, 6:28 PM
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Cloud+

dsdlaforce
Cloud+
Provide the weighted calculation for the percent impervious.  Number is low based on the "Area Runoff Coefficient Summary" table.
0.3/0.34=88%

dsdlaforce
Cloud+

dsdlaforce
Cloud+
Change to the 18" Rain Garden Growing Media.


Design Procedure Form: Rain Garden (RG)

Sheet 2 of 2

Designer:
Company:
Date: June 28, 2017
Project:
Location:

5. Impermeable Geomembrane Liner and Geotextile Separator Fabric Choose gleYES

A) Is an impermeable liner provided due to proximity O NO
of structures or groundwater contamination?

6. Inlet / Outlet Control

[~ Choose One

O Sheet Flow- No Energy Dissipation Required
A) Inlet Control O Concentrated Flow- Energy Dissipation Provided

[ Choase One
O Seed (Plan for frequent weed control)

O Plantings
O Sand Grown or Other High Infiltration Sod

7. Vegetation

8. Irrigation

[ Choese One — |
O YES
A) Will the rain garden be irrigated? O NO
Notes:

Per the CBP Fil 2 FDR, Q5 & Q100 will be directed to the private
10' Type R inlet which has the throat opening facing into the
property.

Provide a weir/orifice calculation for the 8" riser pipe to
determine the 100yr head. The top of the rain garden must be at
or higher than the 100yr head so the 100yr runoff drains into the
inlet and not overtop the pond and discharge onto Cole View.
Other designs should be explored but the main intent is to direct
the 100yr runoff into the private inlet not the street.

UD-BMP_v3.06.xIlsm, RG 6/28/2017, 6:28 PM


dsdlaforce
Text Box
Per the CBP Fil 2 FDR, Q5 & Q100 will be directed to the private 10' Type R inlet which has the throat opening facing into the property.  

Provide a weir/orifice calculation for the 8" riser pipe to determine the 100yr head.  The top of the rain garden must be at or higher than the 100yr head so the 100yr runoff drains into the inlet and not overtop the pond and discharge onto Cole View.  Other designs should be explored but the main intent is to direct the 100yr runoff into the private inlet not the street.


APPENDIX C

1) NRCS Soil Study
2) FEMA FIRMETTE
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USDA United States A product of the National Custom Soil Resource
=_/' Department of Cooperative Soil Survey,

Agriculture a joint effort of the United Re port for
N R CS States Department of
Agriculture and other E I P C t
Federal agencies, State as O O u n y
Natural agencies including the
Resources Agricultural Experiment A C I d
Conservation Stations, and local rea y O o ra O
Service participants
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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.



Custom Soil Resource Report
Soil Map

38° 50'54"N 38° 50'54"N

SolliMaplimayfnetbelvalidiatithisfscalle:
38° 50'52"N 38° 50'52"N

526812 526820

Map Scale: 1:336 if printed on A portrait (8.5" x 11") sheet.

0 4 9 18 27

Feet
0 15 30 60 0
Map projection: Web Mercator Comer coordinates: WGS84 Edge tics: UTM Zone 13N WGS84
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Custom Soil Resource Report

Map Unit Legend

El Paso County Area, Colorado (C0O625)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
28 Ellicott loamy coarse sand, 0 to 0.3 100.0%
5 percent slopes
Totals for Area of Interest 0.3 100.0%

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

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.

12
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El Paso County Area, Colorado

28—Ellicott loamy coarse sand, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 3680
Elevation: 5,500 to 6,500 feet
Mean annual precipitation: 13 to 15 inches
Mean annual air temperature: 47 to 50 degrees F
Frost-free period: 125 to 145 days
Farmland classification: Not prime farmland

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

Description of Ellicott

Setting
Landform: Flood plains, stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy alluvium

Typical profile
A - 0to 4 inches: loamy coarse sand
C - 4 to 60 inches: stratified coarse sand to sandy loam

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95
to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Frequent
Frequency of ponding: None
Available water storage in profile: Low (about 4.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7w
Hydrologic Soil Group: A
Ecological site: Sandy Bottomland LRU's A & B (R069XY031CO)
Other vegetative classification: SANDY BOTTOMLAND (069AY031CO)
Hydric soil rating: No

Minor Components

Fluvaquentic haplaquoll
Percent of map unit:
Landform: Swales
Hydric soil rating: Yes

13
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Other soils
Percent of map unit:
Hydric soil rating: No

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

14
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Markup Summary

1(1)

ity Project#

PPR-17-031

Subject: Callout
Page Label: 1
Lock: Locked
Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:01 PM
Color: H

PPR-17-031

Subject: Cloud+
Page Label: 2
Lock: Locked
Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:04 PM
Color: W

Replace with County Signature Block.
El Paso County:

Filed in accordance with the requirements of the
Drainage Criteria Manual, Volumes 1 and 2, El
Paso County Engineering Criteria Manual and
Land Development Code as amended.

3(2)

Subject: Cloud+

Page Label: 3

Lock: Locked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:26 PM
Color: W

Subject: Cloud+
Page Label: 3
Lock: Locked
Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:36 PM
Color: W

Revise the Floodplain Statement. LOMR
06-08-B137P adjusted the FIRM floodplain. The
site is within unshaded Zone X per the LOMR.

Discuss and evaluate stormwater run-on draining
into the site from the upstream lot.

Add the drainage report for Lots 18-20 (PCD
Project File No. PPR172 in the References.

Subject: Cloud+

Page Label: 4

Lock: Locked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:06 PM
Color: H

Revise Reference to the Engineering Criteria
Manual Appendix I.



Subject: Callout

Page Label: 4

Lock: Locked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:44 PM
Color: W

Subject: Callout
Page Label: 4
Lock: Locked
Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:21 PM
Color: W

Revise reference to the El Paso County DCM. The
County have only adopted portions of the City's
DCMV1.

State that this drainage letter is in conformance to
the FDR for CBP Fil 2.

30 (1)

Subject: Cloud+

Page Label: 30

Lock: Locked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:46 PM
Color: H

Include a drainage map to clarify the limits of the
basin.

Subject: Cloud+

Page Label: 32

Lock: Locked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:47 PM
Color: W

Subject: Cloud+

Page Label: 32

Lock: Locked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:15 PM
Color: W

Change to the 18" Rain Garden Growing Media.

Provide the weighted calculation for the percent
impervious. Number is low based on the "Area
Runoff Coefficient Summary" table.
0.3/0.34=88%

33 (1)

Subject: Text Box

Page Label: 33

Lock: Locked

Status:

Checkmark: Unchecked

Author: dsdlaforce
Date: 7/31/2017 2:30:51 PM
Color: W

Per the CBP Fil 2 FDR, Q5 & Q100 will be directed
to the private 10" Type R inlet which has the throat
opening facing into the property.

Provide a weir/orifice calculation for the 8" riser
pipe to determine the 100yr head. The top of the
rain garden must be at or higher than the 100yr
head so the 100yr runoff drains into the inlet and
not overtop the pond and discharge onto Cole
View. Other designs should be explored but the
main intent is to direct the 100yr runoff into the
private inlet not the street.



