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WOODFORD MANUFACTURING BUILDING ADDITION
LOT 1, BLOCK 1, WAYNOKA ROAD INDUSTRIAL
DRAINAGE REPORT STATEMENTS

1. Engineer’s Statement:

The attached drainage plan and report were prepared under my direction and supervision
and are correct to !he‘ e 't, of my knowledge and belief. Said dralnage report has been
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3. El Paso County Statement:

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

Approved
by Elizabeth Nijkamp
El Paso County Planning and Communi 'tyD elopment

on behalf of Jennifer Irvlne County Engineer, ECM Administrator
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Jennifer Irvine, P.E. Date
County Engineer / ECM Administrator
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l. INTRODUCTION
A. Property L ocation and Description

Woodford Manufacturing is planning to construct an addition on the south side of the
existing manufacturing building at 2121 Waynoka Road in El Paso County, Colorado.
The project siteis an existing 8.9-acre developed lot described as Lot 1, Block 1,
Waynoka Road Industrial Subdivision. Woodford Manufacturing also owns the
adjoining vacant lot to the south (Lot 2, Block 1, Waynoka Road Industrial). Thetwo
adjoining lots (El Paso County Assessor’s No. 54062-05-001 and 54063-03-001)
comprise atotal areaof 13.5 acres|ocated on the east side of Waynoka Road, north of
Palmer Park Boulevard. The properties are zoned Heavy Industrial (1-3).

Waynoka Road is a paved public street adjoining the west boundary of the properties.
Waynoka Road curves to the east aong both the north boundary of Lot 1 and the south
boundary of Lot 2. The existing Cherokee Ridge Golf Course adjoins the east boundary
of thetwo lots.

The site development plan consists of proposed 18,000 sgquare-foot building addition at
the southeast corner of the existing industrial building, with associated parking and site
improvements impacting atotal disturbed area of approximately 3.5 acres. Accesswill
continue to be provided by the two existing driveways on the south side of the building,
connecting to Waynoka Road on the west side of the property. There will be no changes
to the parking lot on the north side of the existing building. The proposed internal
parking areaimprovements on the south side of the building will be paved with a
combination of asphalt, recycled asphalt, and concrete.

B. Scope

In support of the El Paso County Site Development Plan submittal for this project, this
report is intended to meet the requirements of a site-specific “Letter Type” drainage
report in accordance with El Paso County drainage criteria.  This report will provide a
summary of site drainage issues impacting the proposed development, including analysis
of upstream drainage patterns, site-specific developed drainage patterns, and impacts on
downstream facilities. This report is based on the guidelines and criteria presented in the
City of Colorado Springs and El Paso County “Drainage Criteria Manual.”

C. References

City of Colorado Springs & El Paso County “Drainage Criteria Manual, Volumes 1 and 2,”
revised May, 2014.

G.L. Williams & Partners, Ltd., “Drainage Study and Supplemental Site Information,
Waynoka Road Industrial,” January 16, 1978.
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. EXISTING / PROPOSED DRAINAGE CONDITIONS

According to the Natural Resources Conservation Services (NRCS) web soil survey, on-
site soils are comprised of Ellicott loamy coarse sand. These soils are classified as
hydrologic soils group A. The existing site topography slopes downward to the
southwest with grades of approximately 1-3 percent.

Drainage planning for thislot was previously addressed in areport entitled “Drainage
Study and Supplemental Site Information, Waynoka Road Industrial,” by G.L. Williams &
Partners, Ltd., dated January 16, 1978. The subdivision drainage report assumed full
coverage of Lots 1 and 2 with “medium industrial lot areas.” Asdiscussed in the
Williams drainage report, fully developed drainage from the mgjority of the site (Basins
A-D) has been planned to sheet flow in a southwesterly direction and then follow the
curb and gutter along the east side of Waynoka Road south to the existing public storm
sewer system at Palmer Park Boulevard. Developed drainage from Basin E in the
southeast corner of the site was planned to flow into an existing drainage channel within
the adjoining golf course, also flowing south to the existing public storm sewer system at
Palmer Park Boulevard. Current field conditions indicate that Basin E also flows
southerly into the curb and gutter along the east side of Waynoka Road.

The existing drainage patterns are depicted on the enclosed Historic Drainage Plan
(Figure EX1, Appendix C). Consistent with the approved subdivision drainage report,
the magjority of the devel oped north end of the site has been delineated as Basin Al,
which includes the west side of the existing Woodford Manufacturing building and north
parking lot. Basin A1 sheet flows southwesterly to Waynoka Road, with devel oped peak
flows calculated as Qs = 7.4 cfsand Q100 = 14.8 cfs. The roadway of Waynoka Road
along the frontage of the north end of the Woodford Manufacturing site has been
delineated as Basins B1 and B2. Drainage from Basin B1 flows south along the east curb
line of Waynoka Road, combining with Basin Al at Design Point #B1.1 with devel oped
peak flows calculated as Qs = 8.8 cfs and Q100 = 17.6 cfs. Drainage from Basin B2 flows
south along the west curb line of Waynoka Road to Design Point #B2, with developed
peak flows calculated as Qs = 1.6 cfsand Q100 = 3.2 cfs. Drainage from BasinsA1l, B1,
and B2 combines at Design Point #1, with developed peak flows calculated as Qs = 10.1
cfsand Q0= 20.4 cfs. As detailed in Appendix B, the existing 5° Type R storm inlets
B1 and B2 intercept flow at Design Point #1, and the carryover flow from these on-grade
inlets continues south in Waynoka Road.

The east side of the Woodford Manufacturing Building has been delineated as Basin A2,
which sheet flows to an existing drainage swale along the eastern site boundary, draining
towards the southeast corner of the building. Developed peak flows at Design Point #A2
are calculated as Qs = 2.2 cfsand Q100= 4.5 cfs.
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Proposed Building Addition Project (South Side of Lot 1)

As shown on the enclosed Developed Drainage Plan (Figure D1, Appendix C), the
proposed development area on the south side of the existing manufacturing building has
been delineated as three on-site drainage basins (D1, D2, and E) for general consistency
with the subdivision drainage report. Surface runoff from the developed site will
continue to follow the drainage patterns established in the subdivision drainage report.
Basins A2, D1, and D2 will flow southwesterly across the site to Waynoka Road.

Recognizing that current County drainage criteria require permanent stormwater quality
best management practices for disturbed areas greater than one acrein size, a private
Rain Garden will be constructed at the southwest corner of Basin D1 to mitigate

devel oped drainage impacts and meet the current County water quality requirements.
The proposed Rain Garden has been sized for fully developed flows from Basin D1, as
well as the existing devel oped flow from Basin A2.

A grated inlet will beinstalled at the southeast corner of the existing building to intercept
surface drainage from Basin A2 (east side of existing building), and private Storm Drain
A2 (12”) will convey the flow from Basin A2 around the new building addition to
daylight in agrass-lined drainage swal e flowing southwesterly to the proposed Rain
Garden.

The proposed building addition will be graded with protective slopes to provide positive
drainage away from the building. Concrete crosspans and drainage swales within the on-
site parking areas will convey devel oped flows to the new Rain Garden at the southwest
corner of Lot 1.

Developed flows have been calculated based on the impervious areas associated with the
ultimate full industrial development of Basin D1 (south end of the existing Woodford
Manufacturing facility on Lot 1). Developed drainage from Basins A2 and D1 will flow
southwesterly to the proposed Rain Garden at Design Point #D1.1, with developed peak
flows calculated as Qs = 11.7 cfs and Q00 = 23.3 cfs. The outlet chase from the Rain
Garden will flow into Waynoka Road in accordance with the subdivision drainage report.

The subdivision drainage report assumed full industrial development of this site, and the
proposed site development plan is entirely consistent with the approved subdivision
drainage plan.

Hydrologic calculations for the parcel are detailed in the attached spreadsheet (A ppendix

A), and peak flows are identified on Figure D1. The contractor will need to implement
standard best management practices for erosion control during construction.
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Lot 2 Drainage (Possible Future Development Area)

The vacant areas within Lot 2 at the south end of the site (Basins D2 and E) will sheet
flow south towards Design Point #2 at the south end of Lot 2.

Developed drainage from the vacant future development area within Basin D2 (west side
of Lot 2) will flow southwesterly to the existing curb and gutter along Waynoka Road.
Peak flows at Design Point #D2 are calculated as Qs = 0.6 cfs and Q100 = 4.2 cfs.

Developed drainage from the vacant future development area within Basin E (east side of
Lot 2) is anticipated to sheet flow to the south corner of Lot 2, with peak flows at Design
Point #E calculated as Qs = 0.6 cfs and Q100 = 4.5 cfs.

Drainage from Basins A2, D1, D2, and E combines at Design Point #2, with devel oped
peak flows calculated as Qs = 11.8 cfs and Q100 = 29.4 cfs.

An additional future water quality and/or stormwater detention facility will be required at
the south end of Lot 2 to mitigate the future devel oped drainage impacts from Basins D2
and E.

Suitable Outfal Anaysis

Waynoka Road provides a suitable outfall to the existing downstream public drainage
system. Asshown in the street capacity calculations in Appendix B, the east side of
Waynoka Road has a minor storm allowabl e street capacity of Qs= 36.7 cfsand amajor
storm allowable street capacity Qo= 137.9 cfs. The existing street capacity iswell
above the calculated devel oped flows from the project site.

Basin C consists of Waynoka Road downstream of DP#1, flowing south to Design Point
#C1 at the intersection of Waynoka Road and Palmer Park Boulevard. Developed flows
from BasinsAl, B1, B2, C, D1, D2, and E combine at Design Point #C1, with historic
peak flows calculated as Qs = 20.1 cfs and Q100 = 52.3 cfs. The proposed Woodford
Manufacturing Building Addition project will increase the developed peak flows at
Design Point #C1 to Qs = 25.8 cfs and Q100 = 57.4 cfs (less than 10 percent increase).
With the carryover flows from upstream Inlets B1 and B2, the total developed flows at
Design Point #C1.1 are calculated as Qs = 31.9 cfs and Q100 = 72.3 cfs.

As detailed in Appendix B, the existing 10” Type R storm inlet at the northeast corner of
Waynoka Road and Palmer Park Boulevard has a capacity of approximately Qs = 13.4 cfs
and Q100 = 23.4 cfs, which is below both the existing and developed peak flows calculated
in thisreport. However, thereis an existing concrete headwall on the east side of the
storm inlet (north side of the Palmer Park Boulevard right-of-way) providing a stable
overflow path to the existing 36” culvert inlet in the large sump area adjoining the golf
course at the northeast of the intersection. There are no indications of erosion or drainage
capacity problems at the existing intersection, so no improvements appear to be
warranted at thistime.
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1. DRAINAGE PLANNING FOUR STEP PROCESS

El Paso County Drainage Criteria require drainage planning to include a Four Step
Process for receiving water protection that focuses on reducing runoff volumes, treating
the water quality capture volume (WQCYV), stabilizing drainageways, and implementing
long-term source controls.

Asstated in DCM Volume 2, the Four Step Processis applicable to al new and re-
devel opment projects with construction activities that disturb 1 acre or greater or that
disturb lessthan 1 acre but are part of alarger common plan of development. The Four
Step Process has been implemented as follows in the planning of this project:

Step 1: Employ Runoff Reduction Practices
Grass Swales: The proposed drainage plan incorporates grass swales in unpaved
areas to encourage stormwater infiltration.

Step 2: Stabilize Drainageways
There are no major drainageways directly adjacent to thissite. Routing flows
through the on-site Rain Garden will minimize off-site impacts to existing
downstream drainageways.

Step 3: Provide Water Quality Capture Volume (WQCV)
Site drainage from the building addition area will be routed through a proposed
Rain Garden (RG), which will capture and slowly release the WQCV over a 12-
hour design release period.

Step 4: Consider Need for Industrial and Commercial BMPs
On-site drainage will be routed through the private Rain Garden (RG) to minimize
introduction of contaminants to the County’s public drainage system.
The Owner will be responsible to implement and maintain a stormwater
management plan (SWMP), which will include proper housekeeping practices for
the industria facility.

V. STORMWATER QUALITY

The proposed drainage and grading plan for this site includes a private Rain Garden (RG)
at the southwest corner of Lot 1 to provide the required stormwater quality mitigation for
the site in accordance with current El Paso County drainage criteria.

According to the calculations in Appendix A, the required Water Quality Capture

Volume (WQCV) for Design Point D1.1 (Basins A2 and D1) is 5,625 cubic feet, and the
proposed Rain Garden provides a volume of 6,017 cubic feet.
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The outlet of the Rain Garden will consist of an overflow chase draining to the existing
driveway at the northwest corner of Lot 2, and an underdrain will be extended to daylight
to the south within Lot 2.

The proposed stormwater quality facilities will be privately owned and maintained by the
property owner, and maintenance access is readily available from the existing street.

Thissiteis a platted and previously developed ot with the existing manufacturing facility
originally constructed in 1979. Stormwater detention was not required for this sitein the
previously approved subdivision drainage report, and the allowable street capacity of the
existing curb and gutter along Waynoka Road provides a suitable outfall for developed
drainage from the site in accordance with the subdivision drainage report. The siteis
located in the Sand Creek Drainage Basin, and the subdivision drainage report identifies
fully developed flows from this site draining south within Waynoka Road to the existing
downstream public drainage system flowing into the upper reach of the Sand Creek
Center Tributary Channel. The Sand Creek Drainage Basin Planning Study (DBPS)
identifies the existing downstream drainage facilitiesimmediately south of this site as
adequate.

The Sand Creek DBPS identifies the downstream design point for the Sand Creek Center
Tributary Channel (DP45 at Galley Road) as having a future peak 100-year flow of 1,340
cfs, so the developed flow from the Woodford Manufacturing site is negligible (less than
4 percent) in comparison to the major basin flow.

As previously noted, the existing street capacity of Waynoka Road is more than sufficient
to convey the developed flow from the project site.

V. FLOODPLAIN IMPACTS

This siteis located beyond the limits of the FEMA 100-year floodplain boundaries for the
West Fork Sand Creek channel according to the FEMA floodplain map for this area,
FIRM Panel No. 08041C0751F dated March 17, 1997 (see Appendix B).

VI. DRAINAGE BASIN FEES

This siteis located within the Sand Creek Drainage Basin. No public drainage
improvements are required for development of thissite. Required drainage fees have

been paid during the previous subdivision platting process, so there are no applicable
drainage fees required with the Site Devel opment Plan.
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VIil. SUMMARY

The devel oped drainage patterns associated with the proposed Woodford Manufacturing
Building Addition project (Lot 1, Block 1, Waynoka Road Industrial Subdivision) will
remain consistent with the overall drainage plan for thisindustrial subdivision. The
proposed Rain Garden at the southwest corner of Lot 1 will provide water quality
mitigation as required for the new site improvements. Proper construction and
maintenance of the proposed on-site drainage facilities, in conjunction with proper
erosion control practices, will ensure that this devel oped site has no significant adverse
drainage impact on downstream or surrounding areas.
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APPENDIX A

HYDROLOGIC CALCULATIONS



Hydrologic Soil Group—EI Paso County Area, Colorado
(Woodford Manufacturing)
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Hydrologic Soil Group—EI Paso County Area, Colorado

Woodford Manufacturing

Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
28 Ellicott loamy coarse A 4.7 100.0%
sand, 0 to 5 percent
slopes
Totals for Area of Interest 4.7 100.0%
Description

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

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

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

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

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

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

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

Rating Options

Aggregation Method: Dominant Condition

USDA

=0
|

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

7/11/2018
Page 3 of 4



Hydrologic Soil Group—EI Paso County Area, Colorado Woodford Manufacturing

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

UsDA  Natural Resources Web Soil Survey 7/11/2018
== Conservation Service National Cooperative Soil Survey Page 4 of 4



Chapter 6 Hydrology

Table 6-6. Runoff Coefficientsfor Rational M ethod
(Source: UDFCD 2001)

Runoff Coefficients

Land Use or Surface Percent
Characteristics Impervious 2-year 5-year 10-year 25-year 50-year 100-year

HSG A&B | HSG C&D | HSG A&B | HSG C&D | HSG A&B | HSG C&D | HSG A&B | HSG C&D | HSG A&B | HSG C&D | HSG A&B | HSG C&D

Business

Commercial Areas 95 0.79 0.80 0.81 0.82 0.83 0.84 0.85 0.87 0.87 0.88 0.88 0.89

Neighborhood Areas 70 0.45 0.49 0.49 0.53 0.53 0.57 0.58 0.62 0.60 0.65 0.62 0.68
Residential

1/8 Acre or less 65 0.41 0.45 0.45 0.49 0.49 0.54 0.54 0.59 0.57 0.62 0.59 0.65

1/4 Acre 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

1/3 Acre 30 0.18 0.22 0.25 0.30 0.32 0.38 0.39 0.47 0.43 0.52 0.47 0.57

1/2 Acre 25 0.15 0.20 0.22 0.28 0.30 0.36 0.37 0.46 0.41 0.51 0.46 0.56

1Acre 20 0.12 0.17 0.20 0.26 0.27 0.34 0.35 0.44 0.40 0.50 0.44 0.55
Industrial

Light Areas [80 ]| os7 0.60 || 059 0.63 0.63 0.66 0.66 0.70 0.68 0.72 [070 || o074

Heavy Areas 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83
Parks and Cemeteries 7 0.05 0.09 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0.39 0.52
Playgrounds 13 0.07 0.13 0.16 0.23 0.24 0.31 0.32 0.42 0.37 0.48 0.41 0.54
Railroad Yard Areas 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

Undeveloped Areas
Historic Flow Analysis--

Greenbelts, Agriculture 0.03 0.05 0.09 0.16 0.17 0.26 0.26 0.38 0.31 0.45 0.36 0.51

Pasture/Meadow 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

Forest 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

Exposed Rock 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

Offsite Flow Analysis (when 5

landuse is undefined) 0.26 0.31 0.32 0.37 0.38 0.44 0.44 0.51 0.48 0.55 0.51 0.59
Streets

Paved 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

Gravel 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74
Drive and Walks 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96
Roofs 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83
Lawns 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

3.2 Time of Concentration

One of the basic assumptions underlying the Rational Method is that runoff is afunction of the average
rainfall rate during the time required for water to flow from the hydraulically most remote part of the
drainage area under consideration to the design point. However, in practice, the time of concentration can
be an empirica value that resultsin reasonable and acceptable peak flow cal culations.

For urban areas, the time of concentration (t;) consists of an initia time or overland flow time (t;) plusthe
travel time (t;) in the storm sewer, paved gutter, roadside drainage ditch, or drainage channel. For non-
urban areas, the time of concentration consists of an overland flow time (t;) plus the time of travel ina
concentrated form, such asa swale or drainageway. The travel portion (t;) of the time of concentration
can be estimated from the hydraulic properties of the storm sewer, gutter, swale, ditch, or drainageway.
Initial time, on the other hand, will vary with surface slope, depression storage, surface cover, antecedent
rainfal, and infiltration capacity of the soil, as well as distance of surface flow. The time of concentration
is represented by Equation 6-7 for both urban and non-urban aress.

May 2014 City of Colorado Springs 6-17
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Hydrology Chapter 6

t.=t +t, (Eq. 6-7)

Where:
t. = time of concentration (min)
t; = overland (initid) flow time (min)
t, = travel timein the ditch, channel, gutter, storm sewer, etc. (min)

3.21 Overland (Initial) Flow Time

The overland flow time, t;, may be cal culated using Equation 6-8.

0.395(1.1-C WL
{ =
1 S0.33
Where:

(Eq. 6-8)

overland (initial) flow time (min)

runoff coefficient for 5-year frequency (see Table 6-6)

= length of overland flow (300 ft maximum for non-urban land uses, 100 ft maximum for
urban land uses)

S = average basin slope (ft/ft)

t
Cs
L

Note that in some urban watersheds, the overland flow time may be very small because flows quickly
concentrate and channelize.

3.2.2 Trave Time

For catchments with overland and channédlized flow, the time of concentration needs to be considered in
combination with the travel time, t;, which is calculated using the hydraulic properties of the swale, ditch,
or channel. For preliminary work, the overland travel time, t;, can be estimated with the help of Figure 6-
25 or Equation 6-9 (Guo 1999).

V=c,8,”° (Eq. 6-9)
Where:
V = velocity (ft/s)
C, = conveyance coefficient (from Table 6-7)
Sy = watercourse slope (ft/ft)
6-18 City of Colorado Springs May 2014
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Chapter 6 Hydrology

Table 6-7. Conveyance Coefficient, C,

Typeof Land Surface C,
Heavy meadow 25
Tillage/field 5
Riprap (not buried)” 6.5
Short pasture and lawns 7
Nearly bare ground 10
Grassed waterway 15
Paved areas and shallow paved swales 20

" For buried riprap, select C, value based on type of vegetative cover.

Thetravel timeiscalculated by dividing the flow distance (in feet) by the velocity calculated using
Equation 6-9 and converting units to minutes.

Thetime of concentration (t.) is then the sum of the overland flow time (t;) and the travel time (t;) per
Equation 6-7.

3.2.3 First Design Point Time of Concentration in Urban Catchments

Using this procedure, the time of concentration at the first design point (typically the first inlet in the
system) in an urbanized catchment should not exceed the time of concentration cal culated using Equation
6-10. Thefirst design point is defined as the point where runoff first enters the storm sewer system.

L
t =——+10 Eqg. 6-10
- =180 (Eq )

Where;

t. = maximum time of concentration at the first design point in an urban watershed (min)

L = waterway length (ft)

Equation 6-10 was devel oped using the rainfall-runoff data collected in the Denver region and, in essence,
represents regional “calibration” of the Rational Method. Normally, Equation 6-10 will result in alesser
time of concentration at the first design point and will govern in an urbanized watershed. For subsequent
design points, the time of concentration is calculated by accumulating the travel times in downstream
drainageway reaches.

3.24 Minimum Time of Concentration

If the calculationsresult in at, of lessthan 10 minutes for undeveloped conditions, it is recommended that
aminimum value of 10 minutes be used. The minimum t; for urbanized areasis 5 minutes.

3.25 Post-Development Time of Concentration
As Equation 6-8 indicates, the time of concentration isafunction of the 5-year runoff coefficient for a

drainage basin. Typically, higher levels of imperviousness (higher 5-year runoff coefficients) correspond
to shorter times of concentration, and lower levels of imperviousness correspond to longer times of

May 2014 City of Colorado Springs 6-19
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Hydrology

Chapter 6

Figure 6-5. Colorado Springs Rainfall Intensity Duration Frequency

10.0

—4—100-Year

—4=50-Year
—B-25-Year
—#=10-Year

—ir—5-Year

—-2-Year

s

Rainfall Intensity, | (in/hr)

B uem nse

. |DataSou ce:ﬁNOAéAtias I
10 | 2, Volume lIl, Regional 1,
’ -~ |Elevation=6,840ft
0.0 - .
0 5 10 15 20 25 30 35 40 45 50 55 60
Duration, D (minutes)
IDF Equations
100 = -2.52 In(D) + 12.735
lso = -2.25In(D) + 11.375
5 = -2.00 In(D) + 10.111
l0=-1.75In(D) + 8.847
ls=-1.50 In(D) + 7.583
I,=-1.19 In(D) + 6.035
Note: Vaues calculated by
equations may not precisely
duplicate values read from figure.
6-52 City of Colorado Springs May 2014
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Hydraulic Analysis Report

Project Data

Project Title: Woodford

Designer: JPS

Project Date: Thursday, October 11, 2018
Project Units:  U.S. Customary Units
Notes:

Channel Analysis: SD-A2

Notes:

Input Parameters

Channel Type: Circular

Pipe Diameter: 1.0000 ft
Longitudinal Slope: 0.0160 ft/ft
Manning's n:  0.0130

Depth: 1.0000 ft

Result Parameters

Flow: 4.5066 cfs = Q100 = 4.5 cfs (DP-A2)
Area of Flow: 0.7854 ft"2

Wetted Perimeter: 3.1416 ft

Hydraulic Radius: 0.2500 ft

Average Velocity: 5.7380 ft/s

Top Width: 0.0000 ft

Froude Number: 0.0000

Critical Depth: 0.8867 ft

Critical Velocity: 6.1204 ft/s

Critical Slope: 0.0143 ft/ft

Critical Top Width: 0.63 ft

Calculated Max Shear Stress: 0.9984 |b/ft"2
Calculated Avg Shear Stress: 0.2496 Ib/ft*2



Project:
Inlet ID:

Version 4.05 Released March 2017

|| ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Waynoka Road - Inlet B1.1

Heump
d

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb
Side Slope Behind Curb (leave blank for no conveyance credit behind curb)
Manning's Roughness Behind Curb (typically between 0.012 and 0.020)

Height of Curb at Gutter Flow Line

Distance from Curb Face to Street Crown

Gutter Width

IStreet Transverse Slope

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)

Street Longitudinal Slope - Enter 0 for sump condition

Manning's Roughness for Street Section (typically between 0.012 and 0.020)

Max. Allowable Spread for Minor & Major Storm
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm

/Allow Flow Depth at Street Crown (leave blank for no)

MINOR STORM Allowable Capacity is based on Spread Criterion
MAJOR STORM Allowable Capacity is based on Depth Criterion

Teack = 15.0 it
Seack = 0.020 it
Neack =, 0.020
Heurs = 8.00 inches
Terown = 24.0 ft
W= 2.00 ft
Sx= 0.020 it
Sw = 0.083 it
So = 0.020 it
NsTREET = 0.016
Minor Storm Major Storm
T = 24.0 | 24.0 Jft
G =| 8.0 | 12.0 Jinches
F v check = yes
Minor Storm Major Storm
Qaon =| 36.7 | 137.9 |efs

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

UD-Inlet_v4.05-waynoka-B1.1.xIsm, Inlet B1.1

10/11/2018, 8:50 PM



| INLET ON A CONTINUOUS GRADE |

Version 4.05 Released March 2017

Design Information (Input] ‘ CDOT Type R Curb Opening LI MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a’) alocaL = 1.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L, = 5.00 ft
\Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity’ MINOR MAJOR

Total Inlet Interception Capacity Q= 3.0 4.0 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 5.8 13.6 cfs
ICapture Percentage = Q./Q, = C% = 34 23 %

UD-Inlet_v4.05-waynoka-B1.1.xIsm, Inlet B1.1 10/11/2018, 8:50 PM



Project:
Inlet ID:

Version 4.05 Released March 2017

|| ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Waynoka Road - Inlet B2

Heump
d

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb
Side Slope Behind Curb (leave blank for no conveyance credit behind curb)
Manning's Roughness Behind Curb (typically between 0.012 and 0.020)

Height of Curb at Gutter Flow Line

Distance from Curb Face to Street Crown

Gutter Width

IStreet Transverse Slope

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)

Street Longitudinal Slope - Enter 0 for sump condition

Manning's Roughness for Street Section (typically between 0.012 and 0.020)

Max. Allowable Spread for Minor & Major Storm
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm

/Allow Flow Depth at Street Crown (leave blank for no)

MINOR STORM Allowable Capacity is based on Spread Criterion
MAJOR STORM Allowable Capacity is based on Depth Criterion

Teack = 15.0 it
Seack = 0.020 it
Neack =, 0.020
Heurs = 8.00 inches
Terown = 24.0 ft
W= 2.00 ft
Sx= 0.020 it
Sw = 0.083 it
So = 0.020 it
NsTREET = 0.016
Minor Storm Major Storm
T = 24.0 | 24.0 Jft
G =| 8.0 | 12.0 Jinches
F v check = yes
Minor Storm Major Storm
Qaon =| 36.7 | 137.9 |efs

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

UD-Inlet_v4.05-waynoka-B2.xlsm, Inlet B2

10/11/2018, 8:57 PM



| INLET ON A CONTINUOUS GRADE |

Version 4.05 Released March 2017

Design Information (Input] ‘ CDOT Type R Curb Opening LI MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a’) alocaL = 1.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L, = 5.00 ft
\Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity’ MINOR MAJOR

Total Inlet Interception Capacity Q= 1.3 1.9 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.3 1.3 cfs
ICapture Percentage = Q./Q, = C% = 83 60 %

UD-Inlet_v4.05-waynoka-B2.xlsm, Inlet B2 10/11/2018, 8:57 PM



Project:
Inlet ID:

Version 4.05 Released March 2017

|| ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Waynoka Road - DP-2.1 (Street Capacity Analysis)

Waynoka Street Capacity

Heump
d

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb
Side Slope Behind Curb (leave blank for no conveyance credit behind curb)
Manning's Roughness Behind Curb (typically between 0.012 and 0.020)

Height of Curb at Gutter Flow Line

Distance from Curb Face to Street Crown

Gutter Width

IStreet Transverse Slope

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)

Street Longitudinal Slope - Enter 0 for sump condition

Manning's Roughness for Street Section (typically between 0.012 and 0.020)

Max. Allowable Spread for Minor & Major Storm
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm

/Allow Flow Depth at Street Crown (leave blank for no)

MINOR STORM Allowable Capacity is based on Spread Criterion
MAJOR STORM Allowable Capacity is based on Depth Criterion

Teack = 15.0 it
Seack = 0.020 it
Neack =, 0.020
Heurs = 8.00 inches
Terown = 24.0 ft
W= 2.00 ft
Sx= 0.020 it
Sw = 0.083 it
So = 0.020 it
NsTREET = 0.016
Minor Storm Major Storm
T = 24.0 | 24.0 Jft
G =| 8.0 | 12.0 Jinches
F v check = yes
Minor Storm Major Storm
Qaon =| 36.7 | 137.9 |efs

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

UD-Inlet_v4.05-waynoka-DP-2.1.xIsm, Waynoka Street Capacity
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Version 4.05 Released March 2017

|| ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project: Waynoka Road - Inlet C1.1 (Palmer Park Blvd)

Inlet ID: Inlet C1.1

Heump
d

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb Teack = 15.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) NBack = 0.020
Height of Curb at Gutter Flow Line Heurs = 8.00 inches
Distance from Curb Face to Street Crown Terown = 24.0 ft
Gutter Width W =] 2.00 ft
IStreet Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So = 0.000 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Thax =| 24.0 | 24.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm duax =| 8.0 | 12.0 |inches
Check boxes are not applicable in SUMP conditions F F
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Depth Criterion Qaiiow =| SUMP l SUMP |cfs

UD-Inlet_v4.05-waynoka-DP-C1.1.xIsm, Inlet C1.1
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| INLET IN A SUMP OR SAG LOCATION |

Version 4.05 Released March 2017

Design Information (Input) ‘ CDOT Type R Curb Opening j MINOR MAJOR
Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a’ from above) Alocal = 1.00 inches
Number of Unit Inlets (Grate or Curb Opening) No =| 1
\Water Depth at Flowline (outside of local depression) Ponding Depth =| 7.3 12.0 inches
Grate Information MINOR MAJOR [¥ Override Depths
Length of a Unit Grate N/A feet
\Width of a Unit Grate N/A feet
/Area Opening Ratio for a Grate (typical values 0.15-0.90) N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) N/A
ICurb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C)= 10.00 feet
Height of Vertical Curb Opening in Inches Hyen = 6.00 inches
Height of Curb Orifice Throat in Inches Hinroat = 6.00 inches
/Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) Wy = 2.00 feet
Clogging Factor for a Single Curb Opening (typical value 0.10) G (C)= 0.10 0.10
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cy(C)= 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) G (C)= 0.67
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = N/A N/A ]t
Depth for Curb Opening Weir Equation deub = 0.44 0.83 ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = 0.69 1.00
Curb Opening Performance Reduction Factor for Long Inlets RFcun = 1.00 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q,= 134 23.4 cfs
[WARNING: Inlet Capacity less than Q Peak for Minor and Major Storms Qpeak ReQURED = 31.9 72.3 cfs

UD-Inlet_v4.05-waynoka-DP-C1.1.xIsm, Inlet C1.1 10/11/2018, 9:33 PM



Design Procedure Form: Rain Garden (RG)

UD-BMP (Version 3.06, November 2016) Sheet 1 of 2
Designer: JPS
Company: JPS
Date: October 11, 2018
Project: Woodford Manufacturing Building Addition
Location: Lot 1, Block 1, Waynoka Road Industrial Subdivision (2121 Waynoka Road, Colorado Springs, CO)
1. Basin Storage Volume
A) Effective Imperviousness of Tributary Area, |, l,= 80.0 %
(100% if all paved and roofed areas upstream of rain garden)
B) Tributary Area's Imperviousness Ratio (i = 1,/100) i= 0.800
C) Water Quality Capture Volume (WQCYV) for a 12-hour Drain Time WQCV = 0.26 watershed inches
(WQCV= 0.8 * (0.91* i*- 1.19 * i*+ 0.78 * i)
D) Contributing Watershed Area (including rain garden area) Area=_ 257,004 sqft
E) Water Quality Capture Volume (WQCV) Design Volume Vwocv = 5,625 cu ft
Vol = (WQCV / 12) * Area
F) For Watersheds Outside of the Denver Region, Depth of ds = in
Average Runoff Producing Storm
G) For Watersheds Outside of the Denver Region, Vwaocv oTHER = cu ft
Water Quality Capture Volume (WQCV) Design Volume
H) User Input of Water Quality Capture Volume (WQCV) Design Volume Vwaocv user = cu ft
(Only if a different WQCV Design Volume is desired)
2. Basin Geometry
A) WQCYV Depth (12-inch maximum) Dwaocv = 12 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) Mimimum Flat Surface Area Awin = 4112 sq ft
D) Actual Flat Surface Area Anctua = 5275 sq ft
E) Area at Design Depth (Top Surface Area) Argp = 6759 sq ft
F) Rain Garden Total Volume V= 6,017 cu ft
(V1= ((Arop + Aacuar) / 2) * Depth)
3. Growing Media Choose One
@ 18" Rain Garden Growing Media
QO Other (Explain):
4. Underdrain System
Choose One
. . YES
A) Are underdrains provided? ®
QO 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 Voly, = 5,625 cu ft
i) Orifice Diameter, 3/8" Minimum Do = 13/4 in

UD-BMP_v3.06-Woodford-1018.xIsm, RG 10/11/2018, 2:54 PM




Design Procedure Form: Rain Garden (RG)

Designer: JPS

Company: JPS

Date: October 11, 2018

Project: Woodford Manufacturing Building Addition

Location: Lot 1, Block 1, Waynoka Road Industrial Subdivision (2121 Waynoka Road, Colorado Springs, CO)

Sheet 2 of 2

5. Impermeable Geomembrane Liner and Geotextile Separator Fabric ChooseOOne
YES
A) Is an impermeable liner provided due to proximity @® NO
of structures or groundwater contamination?
6. Inlet/ Outlet Control Choose One

A) Inlet Control

O Sheet Flow- No Energy Dissipation Required

@ Concentrated Flow- Energy Dissipation Provided

7. Vegetation

[~ Choose One
@ Seed (Plan for frequent weed control)

O Plantings
O Sand Grown or Other High Infiltration Sod

8. Irrigation

A) Will the rain garden be irrigated?

[~ Choose One
O YES

QO No

Notes:

UD-BMP_v3.06-Woodford-1018.xIsm, RG
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