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CERTIFICATION

DESIGN ENGINEER’S STATEMENT
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 master plan of the drainage basin.  I accept responsibility for any liability
caused by any negligent acts, errors or omissions on my part in preparation of this report.

SIGNATURE (Affix Seal):
       Colorado  P.E.  No.   49487         Date

OWNER/DEVELOPER’S STATEMENT
I, the developer, have read and will comply with all of the requirements specified in this
Drainage Report and Plan.

Name of Developer

Authorized Signature       Date

Printed Name

Title

Address:

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.

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

Conditions:

2/5/19
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PURPOSE AND SCOPE OF STUDY

The purpose of this Final Drainage Report (FDR) is to provide the hydrologic and hydraulic
calculations and to document and finalize the drainage design methodology in support of the
proposed Palmer Solar Facility (“the Project”) for JSI Construction Group LLC.  The Project is
located within the jurisdictional limits of El Paso County (“the County”).  Thus, the guidelines for
the hydrologic and hydraulic design components were based on the criteria for the County and
City of Colorado Springs, described below.

GENERAL LOCATON AND DESCRIPTION

LOCATION

The Project is located approximately 3.5 miles southeast of Fountain, Colorado within Township
16 South, Range 65 West of the 6th Principal Meridian, County of El Paso, State of Colorado
(the “Site”). More specifically, the Site is located north of Birdsall Road, approximately 1 mile
east of Old Pueblo Road. The surrounding platted developments include Coalson Farms to the
west, Woodmoor Water and Sanitation District land to the north, City of Colorado Springs land
to the east, and State of Colorado land to the south. A vicinity map has been provided in the
Appendix of this report.

The Site is split into two primary site areas, the first being the Birdsall Road Site located along
the west boundary of the Site and the second being the Squirrel Creek Site located along the
east boundary of the Site. The west side of the Site, or Birdsall Road Site, is located within El
Paso County’s Calhan Reservoir basin. The east side of the Site, or Squirrel Creek Site, is
located within El Paso County’s Lower Williams Creek basin.

The Site is currently owned by the Woodmoor Water and Sanitation District (the “District”) and
will be leased to JSI Construction Group LLC to develop the Project.

DESCRIPTION OF PROPERTY

The Project is located on approximately 523 acres of land consisting of vacant land with native
vegetation and is classified as “Pasture and Meadow” per Table 6-6 of the City of Colorado
Springs Drainage Criteria Manual. The Site does not currently provide water quality or detention
for the Project area.  The existing land use is undeveloped vacant land. The proposed land use
is a solar facility with native ground cover.
The existing topography at the Birdsall Road Site, consists of slopes ranging from 2% to 4:1.
The existing topography at the Squirrel Creek Site, consists of slopes ranging from 2% to 4:1.

NRCS soil data is available for this Site and it has been noted that soils onsite are generally
USCS Type C and D. Reference the Geotechnical Engineering Report for CO404 Palmer Solar
Facility prepared by Terracon Consultants, Inc. dated May 21, 2018 for additional information on
specific soil types and other geotechnical information. There are no major drainage ways or
irrigation facilities within the Site.
Improvements will consist of mowing, clearing and grubbing, weed control, gravel access road
construction, overlot grading, solar array installation, roadside ditches, culverts, drainage
swales, native seeding and a proposed channel to convey off-site flows through the Squirrel
Creek Site.
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The Project proposes to install underground electric lines connecting power stations for the
solar panels to a larger sub-station located on the northeast corner of the Site. There will also
be a proposed overhead transmission line that connects the two sites to a proposed substation.

ALTA and topographic field survey was completed for the Project by Clark Land Surveying Inc.
dated April 23rd, 2018 and is the basis for design for the drainage improvements.

DRAINAGE BASINS AND SUB-BASINS

MAJOR BASIN DESCRIPTIONS

There are no previous drainage studies, master plans or site constraints for this Site.

No portion of the Project is located within the 100-year floodplain as determined by the Flood
Insurance Rate Map (FIRM) numbers 08041C0970G and 08041C1160G effective date,
December 7, 2018 (see Appendix).

The Birdsall Road Site, is located within El Paso County’s Calhan Reservoir basin. The Squirrel
Creek Site, is located within El Paso County’s Lower Williams Creek basin.

EXISTING SUB-BASIN DESCRIPTIONS

The Birdsall Road Site, has been divided into 4 drainage sub-basins (W1-W4). Existing
drainage patterns are split by a ridge that runs north-south and generally divides the drainage
areas in half.  Drainage along the west side flows west overland to existing agricultural land
which ultimately drains southward to Fountain Creek (sub-basins W1 and W3). Drainage along
the east side flows overland to the east.  More specifically, sub-basin W2 flows east to Calhan
Reservoir and sub-basin W4 flows east and eventually south, beneath Birdsall Road ultimately
to Fountain Creek.  Fountain Creek is a part of the Arkansas River Basin.

The west sub-basin areas, minor 5-year storm event runoffs, and major 100-year storm event
runoffs are provided in Table 1.

Basin Basin Area (Acres) Direct 5-Year Runoff
(cfs)

Direct 100-Year
Runoff (cfs)

W1 88.40 23.37 107.98

W2 151.70 25.17 115.88

W3 91.27 45.72 196.20

W4 303.81 129.49 563.91

Table 1. Existing West Sub-Basin Data

The Squirrel Creek Site, has been divided into 3 drainage sub-basins (E1-E3). Existing drainage
patterns are split by a ridge that runs east-west along the southern 1/3 of the Site. Drainage
along the north side flows south, through the Site and eventually southeast outside of the



Final Drainage Report, February 5, 2019
Palmer Solar Facility, El Paso County, CO

6

property limits.  Sub-basin E1 is approximately 7776.17 acres and consists of a large off-site
area north of the Squirrel Creek Site that flows through the property southeasterly and ultimately
off-site.  Ultimately drainage from this area reaches Fountain Creek.  Drainage along the
southern 1/3 of the Site flows south overland to existing unnamed drainageways and ultimately
southward to Fountain Creek (sub-basins E2 and E3). Prior to ultimate discharge to Fountain
Creek, sub-basins E1-E3 flow through a series of manmade ponds between the Site and
Fountain Creek.

The east sub-basin areas, minor 5-year storm event runoffs, and major 100-year storm event
runoffs are provided Table 2.

Basin Basin Area (Acres) Direct 5-Year Runoff
(cfs)

Direct 100-Year
Runoff (cfs)

E1 776.17 115.86 530.57

E2 24.35 5.99 27.66

E3 90.83 24.02 110.95

Table 2. Existing East Sub-Basin Data

Offsite flows entering the Site will be conveyed through the Site following historical drainage
paths and outfall to Fountain Creek or the unnamed drainage ditches which ultimately outfall to
Fountain Creek. Offsite flows will not be detained on site.

An Existing Drainage Conditions Map and hydrologic calculations are included in the Appendix
of this report for reference.

DRAINAGE DESIGN CRITERIA

DEVELOPMENT CRITERIA REFERENCE

The proposed storm facilities are designed to be in compliance with the City of Colorado
Springs and El Paso County “Drainage Criteria Manual (DCM)” dated November 1991 (”the
MANUAL”), El Paso County “Engineering Criteria Manual” (“the Engineering Manual”), Chapter
6 and Section 3.2.1 of Chapter 13 of the City of Colorado Springs Drainage Criteria Manual
dated May 2014 (“the Colorado Springs MANUAL”).

Site drainage is not significantly impacted by such constraints as utilities or existing
development.
There are no previous drainage studies, master plans or site constraints for this Site.

HYDROLOGIC CRITERIA

The 5-year and 100-year design storm events were used in determining rainfall and runoff for
the proposed drainage analysis per the MANUAL. Table 6-2 of the Colorado Springs MANUAL
is the source for rainfall data for the 5-year and 100-year design storm events. Design runoff
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was calculated using the Soil Conversation Service (SCS) method for developed conditions as
established in the MANUAL. The SCS Method was used for existing conditions and proposed
conditions due to the on-site and off-site basins containing more than 130 acres. Runoff curve
numbers for the existing drainage basins used the curve numbers from Table 6-9 of the
MANUAL, ARC I conditions for Pre-Development. The use was assumed to be pasture,
grassland or range with a fair hydrologic condition resulting in curve numbers of 61 and 69 for
the Hydrologic Soil Groups C and D respectively. For the proposed development curve numbers
were determined using Table 6-10 of the MANUAL, ARC II conditions for Post-Development.
For the gravel roads a curve number of 91 was used. For the substation pads, Newly Graded
Area was the assumed use with a curve number of 94 used. Calculations for the composite
curve numbers are included in the Appendix.

The Project does not provide water quality or detention as the Project is not significantly
increasing the imperviousness of the Site, the Project is not altering historic drainage patterns
and not significantly increasing developed flows.

There are no additional provisions selected or deviations from the criteria in both the MANUAL
and Colorado Springs MANUAL.

HYDRAULIC CRITERIA
Applicable design methods were utilized to size the proposed culverts and drainage channel,
which includes the use of the UDFCD UD Culvert spreadsheet and FlowMaster, V8i software.

Proposed drainage features on-site have been analyzed and sized for the following design
storm events:

· Major Storm: 100-year Storm Event

THE FOUR STEP PROCESS

The Project was designed in accordance with the four-step process to minimize adverse
impacts of urbanization, as outlined in Chapter 1 Section 4.0 of the Colorado Springs MANUAL.

Step 1. Employ Runoff Reduction Practices- The Project was designed to conserve
as much of the existing vegetation as possible and to minimize the extent of disturbance.
All the disturbed area beneath the solar arrays will be replanted with native grasses. The
proposed roadways will be constructed with aggregate base to minimize impervious
surfaces. Additionally, proposed roadside swales add a buffer between the road surface
and array locations which slows down flows and prevents erosion.

Step 2. Implement BMPs That Provide a Water Quality Capture Volume with Slow
Release –Permanent water quality measures and detention facilities will not be
necessary for the Project.  Temporary water quality and erosion control measures will be
provided during construction to prevent sediment laden water from discharging from the
Site.  Three foot check dams with riprap openings will be built along the west side to also
decrease the velocity of the water headed down the hill and increase the time of
concentration.

Step 3 Stabilize Drainageways– The Project is part of the El Paso County’s Calhan
Reservoir basin and Lower Williams Creek basin. The Project does not alter the existing
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drainage patterns in the Calhan Reservoir Basin because it does not discharge
concentrated flow into the existing drainageways. The Project does include channelizing
part of the Lower Williams Creek Basin to minimize flooding and erosion.

Step 4. Implement Site Specific and Other Source Control BMPs – The erosion
control construction BMPs of the Project were designed to reduce contamination. Source
control BMPs include the use of vehicle tracking control, culvert protection, stockpile
management, and stabilized staging areas.

DRAINAGE FACILITY DESIGN

GENERAL CONCEPT

The proposed drainage patterns will match the historic patterns. Overlot grading of specific
areas within the Site will be required to facilitate the construction of the solar arrays on adequate
slopes.  The overlot grading will follow the existing topography and will not alter the historic
drainage patterns to Fountain Creek. Areas that are overlot graded will be revegetated with
native seeding.  Native seeding and vegetation will be established beneath the solar arrays
such that the overall impervious area of the Site will not increase except for the addition of
gravel access roads throughout the Site.  Additionally, the solar arrays provide a level of shade
to the underlying vegetation to facilitate growth.  Mowing operations are included as part of the
operations and maintenance plan for the facility.

Water quality and detention are not provided for the Site per justification provided in the
“Hydrologic Response of Solar Farms” ASCE white paper prepared by Lauren M. Cook and
Richard H. McCuen at the University of Maryland, dated May 2013 (the “white paper”). The
white paper outlines the hydrologic effects of solar panels and the applicability of stormwater
management on solar sites to control runoff volumes and rates. The white paper concluded that
“The addition of solar panels over a grassy field does not have much of an effect on the volume
of runoff, the peak discharge, nor the time to peak. With each analysis, the runoff volume
increased slightly but not enough to require storm-water management facilities.” The white
paper then goes on to emphasize the impact that ground cover plays on the runoff volume, peak
discharge, and time to peak. Gravel or pavement underneath the solar panels will increase the
volume of runoff significantly. However, ground cover plays a significant role regardless of the
type of development. “The solar panels are impervious to rain water; however, they are
mounted on metal rods and placed over pervious land,” as stated in the white paper. Therefore,
water quality and detention are not provided for the Site.

Provided in the Appendix are hydrologic calculations utilizing the SCS method for the existing
and proposed conditions, Flowmaster details and cross sections for proposed drainage
features, and existing and proposed drainage maps of the Birdsall Road Site and the Squirrel
Creek Site.

SPECIFIC DETAILS

Runoff conditions for the Site were developed utilizing the previously referenced Hydrologic
Criteria. The Birdsall Road Site, has been divided into 4 proposed drainage sub-basins (W1-
W4). The proposed west drainage basins extents match the existing drainage basins due to the
site grading matching existing conditions except for the proposed grading of roadways and
roadside ditches. The proposed basins are split by a ridge that runs north-south. The west side
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of the ridge consists of sub-Basins W1 and W3. The east side of the ridge consists of sub-
basins W2 and W4.

Sub-basins W1 and W3 consist of solar panels, native vegetation, permanent check dams, and
gravel roadways. The flow patterns within the basins follow historic drainage patterns and drain
to the west to existing agricultural land which ultimately drains to Fountain Creek. Check dams
are to be installed to help dissipate flow velocities of the overland sheet flow from east to west
for Sub-Basins W1 and W3. The check dams increase the time of concentration by a half of a
minute (flowing through one check dam, Sub-Basin W1) or by a minute (flowing through two
check dams, Sub-Basin W3). Sub-basin W2 consists of offsite native vegetation. Sub-basin W4
consists of solar panels, roadside ditches, and gravel roadways. Sub-basins W2 and W4 follow
historic drainage patterns and flow east to either Calhan Reservoir or southward to Fountain
Creek.

The west sub-basin areas, minor 5-year storm event runoffs, and major 100-year storm event
runoffs are provided in Table 3.

Basin Basin Area (Acres) Direct 5-Year Runoff
(cfs)

Direct 100-Year
Runoff (cfs)

W1 88.40 26.41 114.02

W2 154.60 25.65 118.10

W3 84.89 42.53 182.48

W4 318.15 135.61 590.53

Table 3. Proposed West Sub-Basin Data

The Squirrel Creek Site, is divided into 5 drainage sub-basins (E1-E5).  Existing drainage
patterns are split by a ridge that runs east-west along the southern 1/3 of the area. The
proposed drainage patterns will remain split by the east-west ridge. The north side of the ridge
consists of sub-basins E1-E4. The south side of the ridge consists of sub-basin E5.

Sub-Basin E1 in the proposed condition represents the large off-site area that drains from the
north, through the Squirrel Creek Site in a southeasterly direction.  To account for this off-site
flow through the Site, drainage is proposed to be conveyed in a channel through the Site,
following the historic direction and eventually off-site.  Sub-basins E2 through E4 consist of solar
panels, native vegetation, drainage channel, and gravel roadways. Sub-basins E1-E4 follow
historic drainage patterns and flow south overland to existing unnamed drainage ditches,
eastward and ultimately southward to Fountain Creek.  Sub-basin E5 consists of solar panels,
native vegetation, and gravel roadways. Sub-Basin E5 follows historic drainage patterns and
flows south overland to existing unnamed drainage ditches, and ultimately southward to
Fountain Creek.

The east sub-basin areas, minor 5-year storm event runoffs, and major 100-year storm event
runoffs are provided in Table 4.
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Basin Basin Area (Acres) Direct 5-Year Runoff
(cfs)

Direct 100-Year
Runoff (cfs)

E1 508.88 95.27 388.43

E2 121.72 28.37 123.02

E3 24.35 5.99 27.66

E4 145.86 32.35 140.43

E5 89.81 26.83 115.84

Table 4. Proposed East Sub-Basin Data

A Proposed Drainage Conditions Map and hydrologic calculations are included in the Appendix
of this report for reference.

The Project utilizes a proposed drainage channel within the Squirrel Creek Site to convey offsite
and minimal onsite flows through the Site for the protection of the solar panels. The proposed
channel is designed to carry the minor and major storm events and will run dry for most of the
year. The channel has an average depth of approximately 2 feet, a 55-foot bottom width, a left-
side slope of 4:1, and a right-side slope of 4:1. The channel was sized to convey the 100-year
storm event of and has a maximum capacity of 762.73 cfs.  This channel conveys the off-site
flows from sub basin EI and the developed flows within sub basin E2. Channel calculations are
provided in the Appendix.

The Project also utilizes check dams on the west perimeter of the Birdsall Road Site. Two
neighborhood meetings and two public hearings were held prior to completion of this report. The
neighborhood meetings were hosted by JSI Construction Group LLC and the public hearings
were hosted by the County.  The neighboring public was invited to attend to comment on the
Project.  During those meetings, existing home owners along the west side of the Site raised
concerns about existing drainage issues relative to the hillside that drains westward, towards
their property. These areas are shown on the Existing Drainage Conditions Map. Based upon
these public comments, proposed check dams are provided along the west side of the Birdsall
Road Site to decrease the velocity of the overland flows from east to west.  The check dams are
three feet earthen berms with a maximum length of 300’.  The check dams are designed with a
high point in the center which slopes outward at a minimum of 1% each direction.  There are
breaks in the check dams that contain riprap pads.

Roadside ditches are provided on the uphill side of the proposed roadways to route flows to the
proposed culverts. The roadside ditches are sized to convey the minor event flow and have a
minimum capacity of 23.25 cfs. The roadside ditches have an average depth of approximately 1
foot, a 4-foot bottom width, a left-side slope of 6:1, and a right-side slope of 4:1. Roadside ditch
sizing and capacity calculations are provided in the Appendix.

Culverts were sized to convey flows from the ditches, underneath the gravel site access roads.
The proposed culverts are 18” or 24” in diameter and have been designed to convey the 100-
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year storm event. Culvert calculations are provided in the Appendix and culvert locations are
provided in the Proposed Drainage Maps.

The Site will disturb more than 1 acre and will require a Colorado Discharge Permit System
(CDPS) General Permit for Stormwater Discharge Associated with Construction Activities from
the Colorado Department of Public Health and Environment (CDPHE).

The estimated opinion of probable cost for the stormwater infrastructure is $202,708. An opinion
of cost is provided in the Appendix.

There are no drainage and bridge fees for the Project. The Project is leasing two parcels of land
from Woodmoor Water and Sanitation District and the Site does not require platting.

SUMMARY

The proposed drainage design is to maintain the historic drainage patterns, the overall
imperviousness and release rates for the Site.  Runoff from the Site will flow overland to existing
El Paso County drainage basins: the Calhan Reservoir Basin and the Lower Williams Creek
Basin. Both basins ultimately discharge to Fountain Creek.  The drainage design presented
within this report conforms to the criteria presented in both the MANUAL and the Colorado
Springs MANUAL.  Additionally, the Site runoff and storm drain facilities will not adversely affect
the downstream and surrounding developments, including Fountain Creek.

REFERENCES

1. City of Colorado Springs and El Paso County “Drainage Criteria Manual (DCM)”, dated
November 1991

2. El Paso County “Engineering Criteria Manual” Revision 6, dated December 13, 2016

3. Chapter 6 and Section 3.2.1. of Chapter 13-City of Colorado Springs Drainage Criteria
Manual, May 2014.

4. Urban Drainage and Flood Control District Drainage Criteria Manual (UDFCDCM), Vol. 1,
prepared by Wright-McLaughlin Engineers, June 2001, with latest revisions.

5. Flood Insurance Rate Map, El Paso County, Colorado and Incorporated Areas, Map
Number 08041C0970F and 08041C1160F, Effective Date March 17, 1997, prepared by
the Federal Emergency Management Agency (FEMA).

6. Hydrologic Response of Solar Farms, prepared by Lauren M. Cook and Richard H.
McCuen, University of Maryland, May 2013.



Final Drainage Report, February 5, 2019
Palmer Solar Facility, El Paso County, CO

12

APPENDIX
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VICINITY MAP AND FEMA FIRM MAP
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SOILS MAP

































































































Final Drainage Report, February 5, 2019
Palmer Solar Facility, El Paso County, CO

15

EXISTING HYDROLOGIC CALCULATIONS



096495003  Palmer Solar
Drainage Report

Colorado Springs, CO

9/15/17
Calculated by: KRK

Weighted Curve Number-Existing Conditions

AREA AREA PASTURE HSG C HSG D HSG C HSG D NEWLY GRADED HSG C HSG D HSG C HSG D GRAVEL ROAD HSG C HSG D HSG C HSG D WEIGHTED
(SF) (Acres) AREA (AC) PERCENTAGE PERCENTAGE AREA AREA AREA PERCENTAGE PERCENTAGE AREA AREA AREA PERCENTAGE PERCENTAGE AREA AREA CN

W1 3,850,776 88.40 88 20% 80% 17.68 70.72 0 20% 80% 0.00 0.00 0 20% 80% 0.00 0.00 67
W2 6,606,512 151.66 152 20% 80% 30.33 121.33 0 20% 80% 0.00 0.00 0 20% 80% 0.00 0.00 67
W3 3,975,782 91.27 91 20% 80% 18.25 73.02 0 20% 80% 0.00 0.00 0 20% 80% 0.00 0.00 67
W4 13,234,172 303.81 304 20% 80% 60.76 243.05 0 20% 80% 0.00 0.00 0 20% 80% 0.00 0.00 67
E1 33,810,096 776.17 776 20% 80% 155.23 620.94 0 20% 80% 0.00 0.00 0 20% 80% 0.00 0.00 67
E2 1,060,550 24.35 24 20% 80% 4.87 19.48 0 20% 80% 0.00 0.00 0 20% 80% 0.00 0.00 67
E3 3,956,372 90.83 91 20% 80% 18.17 72.66 0 20% 80% 0.00 0.00 0 20% 80% 0.00 0.00 67

TOTAL 62,643,484 1438.10 1,438 20% 80% 287.62 1150.48 0 20% 80% 0.00 0.00 0 20% 80% 0.00 0.00 67

Curve Numbers
HSG C HSG D HSG C HSG D

Pasture, grassland, rande -FAIR 61 69
- -

Newly Graded Area (Pervious,
no vegeation) 91 94
Gravel Streets 89 91

Curve Numbers are based on on Table 6-9 and Table 6-10 of the Colorado Springs DCM

Post Devlopement (ARC II)Pre Devlopement (ARC I)

SUB-BASIN



BASIN BASIN AREA
(ACRES)

DIRECT 5-YR
RUNOFF (CFS)

DIRECT 10-
YR RUNOFF

(CFS)

DIRECT 25-
YR

RUNOFF
(CFS)

DIRECT 100-YR
RUNOFF (CFS)

Time of Concentration
(min) Notes

W1 88.40 23.37 41.68 58.88 107.98 32.10
W2 151.66 25.17 44.52 62.79 115.88 62.00
W3 91.27 45.72 80.19 110.79 196.20 10.60
W4 303.81 129.49 228.69 317.03 563.91 15.40
E1 776.17 115.86 203.95 287.26 530.57 74.30
E2 24.35 5.99 10.67 15.07 27.66 34.00
E3 90.83 24.02 42.82 60.50 110.95 32.60

TOTAL 1526.50 369.62 652.52 912.32 1653.15

 Existing Runoff
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Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(155.230 x 61) + (620.940 x 69)] / 776.170



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Tuesday, 12 / 18 / 2018

* Composite (Area/CN) = [(4.870 x 61) + (19.480 x 69)] / 24.350
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* Composite (Area/CN) = [(18.170 x 61) + (72.660 x 69)] / 90.830
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Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Tuesday, 12 / 18 / 2018

* Composite (Area/CN) = [(18.170 x 61) + (72.660 x 69)] / 90.830



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(17.680 x 61) + (70.720 x 69)] / 88.400



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(17.680 x 61) + (70.720 x 69)] / 88.400



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Tuesday, 12 / 18 / 2018

* Composite (Area/CN) = [(30.300 x 61) + (121.400 x 69)] / 151.700



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Tuesday, 12 / 18 / 2018

* Composite (Area/CN) = [(30.300 x 61) + (121.400 x 69)] / 151.700



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(18.250 x 61) + (73.020 x 69)] / 91.270



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(18.250 x 61) + (73.020 x 69)] / 91.270



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Tuesday, 12 / 18 / 2018

* Composite (Area/CN) = [(60.760 x 61) + (243.050 x 69)] / 303.810



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Tuesday, 12 / 18 / 2018

* Composite (Area/CN) = [(60.760 x 61) + (243.050 x 69)] / 303.810



Final Drainage Report, February 5, 2019
Palmer Solar Facility, El Paso County, CO
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PROPOSED HYDROLOGIC CALCULATIONS



096495003  Palmer Solar
Drainage Report

Colorado Springs, CO

9/15/17
Calculated by: KRK

Weighted Curve Number-Proposed Conditions

AREA AREA  PASTURE HSG C HSG D HSG C HSG D NEWLY GRADED HSG C HSG D HSG C HSG D GRAVEL ROAD HSG C HSG D HSG C HSG D PAVED HSG C HSG D HSG C HSG D WEIGHTED
(SF) (Acres) AREA (AC) PERCENTAGE PERCENTAGE AREA AREA AREA* PERCENTAGE PERCENTAGE AREA AREA AREA PERCENTAGE PERCENTAGE AREA AREA AREA PERCENTAGE PERCENTAGE AREA AREA CN

W1 3,850,776 88.40 86.82 20% 80% 17.36 69.46 0.00 20% 80% 0.00 0.00 1.58 0% 100% 0.00 1.58 0.00 0% 100% 0.00 0.00 68
W2 6,734,361 154.60 154.51 20% 80% 30.90 123.61 0.00 20% 80% 0.00 0.00 0.09 0% 100% 0.00 0.09 0.00 0% 100% 0.00 0.00 67
W3 3,697,886 84.89 84.53 20% 80% 16.91 67.63 0.00 20% 80% 0.00 0.00 0.36 0% 100% 0.00 0.36 0.00 0% 100% 0.00 0.00 67
W4 13,858,723 318.15 318.15 20% 80% 63.63 254.52 0.00 20% 80% 0.00 0.00 0.00 0% 100% 0.00 0.00 0.00 0% 100% 0.00 0.00 67
E1 22,166,677 508.88 484.13 20% 80% 96.83 387.30 22.20 20% 80% 4.44 17.76 2.43 0% 100% 0.00 2.43 0.12 0% 100% 0.00 0.12 69
E2 5,302,084 121.72 119.67 20% 80% 23.93 95.74 0.00 20% 80% 0.00 0.00 1.76 0% 100% 0.00 1.76 0.29 0% 100% 0.00 0.29 68
E3 1,060,549 24.35 24.35 20% 80% 4.87 19.48 0.00 20% 80% 0.00 0.00 0.00 0% 100% 0.00 0.00 0.00 0% 100% 0.00 0.00 67
E4 6,353,583 145.86 144.72 20% 80% 28.94 115.78 0.00 20% 80% 0.00 0.00 1.14 0% 100% 0.00 1.14 0.00 0% 100% 0.00 0.00 68
E5 3,911,975 89.81 88.18 20% 80% 17.64 70.54 0.00 20% 80% 0.00 0.00 0.79 0% 100% 0.00 0.79 0.84 0% 100% 0.00 0.84 67

TOTAL 66,936,614 1536.65
*Newly Graded Area represents the substation pads.

Curve Numbers
HSG C HSG D HSG C HSG D

Pasture, grassland,
rande -FAIR

61 69 - -

Newly Graded
Area (Pervious, no

vegeation)
91 94

Paved-Open
Ditches

92 93

Gravel Streets 89 91
Curve Numbers are based on on Table 6-9 and Table 6-10 of the Colorado Springs DCM

Pre Devlopement (ARC I) Post Devlopement (ARC II)

SUB-BASIN



BASIN BASIN AREA
(ACRES)

DIRECT 5-YR
RUNOFF (CFS)

DIRECT 10-YR
RUNOFF (CFS)

DIRECT 25-YR
RUNOFF (CFS)

DIRECT 100-YR
RUNOFF (CFS)

Time of Concentration
(min)

Notes

W1 88.40 26.41 45.71 63.65 114.02 30.90
Check Dam decreases TC

by 0.5 min
W2 154.60 25.65 45.37 63.99 118.10 62.00

W3 84.89 42.53 74.58 103.05 182.48 10.10
Check Dam decreases TC

by 1.0 min
W4 318.15 135.61 239.48 332.00 590.53 15.80
E1 508.88 95.27 159.82 219.38 388.43 72.00
E2 121.72 28.37 49.10 68.23 123.02 44.50
E3 24.35 5.99 10.67 15.07 27.66 33.90
E4 145.86 32.35 56.00 77.84 140.43 50.40
E5 89.81 26.83 46.44 64.66 115.84 32.10

TOTAL 1536.65 419.01 727.17 1007.87 1800.51

 Proposed Runoff



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (22.320 x 94) + (2.430 x 91) + (96.830 x 61) + (387.300 x 69)] / 508.880



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (22.320 x 94) + (2.430 x 91) + (96.830 x 61) + (387.300 x 69)] / 508.880



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (1.760 x 91) + (0.290 x 93) + (23.930 x 61) + (95.740 x 69)] / 121.720



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (1.760 x 91) + (0.290 x 93) + (23.930 x 61) + (95.740 x 69)] / 121.720



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (4.870 x 61) + (19.480 x 69)] / 24.350



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (4.870 x 61) + (19.480 x 69)] / 24.350



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (1.140 x 91) + (28.940 x 61) + (115.780 x 69)] / 145.860



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (1.140 x 91) + (28.940 x 61) + (115.780 x 69)] / 145.860



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(0.840 x 93) + (0.790 x 91) + (17.640 x 61) + (70.540 x 69)] / 89.810



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(0.840 x 93) + (0.790 x 91) + (17.640 x 61) + (70.540 x 69)] / 89.810



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (1.580 x 91) + (17.360 x 61) + (69.460 x 69)] / 88.400



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (1.580 x 91) + (17.360 x 61) + (69.460 x 69)] / 88.400



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (0.090 x 91) + (30.900 x 61) + (123.610 x 69)] / 154.600



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) =  + (0.090 x 91) + (30.900 x 61) + (123.610 x 69)] / 154.600



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(18.180 x 61) + (72.730 x 69) + (0.360 x 91)] / 84.890



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(18.180 x 61) + (72.730 x 69) + (0.360 x 91)] / 84.890



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(63.630 x 61) + (254.520 x 69)] / 318.150



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® 2019 by Autodesk, Inc. v2020 Thursday, 01 / 17 / 2019

* Composite (Area/CN) = [(63.630 x 61) + (254.520 x 69)] / 318.150



Final Drainage Report, February 5, 2019
Palmer Solar Facility, El Paso County, CO
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HYDRAULIC CALCULATIONS



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.030

Channel Slope 0.00700 ft/ft

Normal Depth 2.00 ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Bottom Width 55.00 ft

Discharge 762.73 ft³/s

Cross Section Image

Cross Section for Drainage Channel

12/19/2018 10:20:21 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.030

Channel Slope 0.00700 ft/ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Bottom Width 55.00 ft

Discharge 762.73 ft³/s

Results

Normal Depth 2.00 ft

Flow Area 126.11 ft²

Wetted Perimeter 71.51 ft

Hydraulic Radius 1.76 ft

Top Width 71.01 ft

Critical Depth 1.74 ft

Critical Slope 0.01140 ft/ft

Velocity 6.05 ft/s

Velocity Head 0.57 ft

Specific Energy 2.57 ft

Froude Number 0.80

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 2.00 ft

Critical Depth 1.74 ft

Channel Slope 0.00700 ft/ft

Worksheet for Drainage Channel

12/19/2018 10:19:59 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Worksheet for Drainage Channel
GVF Output Data

Critical Slope 0.01140 ft/ft

12/19/2018 10:19:59 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.030

Channel Slope 0.00500 ft/ft

Normal Depth 1.00 ft

Left Side Slope 6.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Bottom Width 4.00 ft

Discharge 23.25 ft³/s

Cross Section Image

Cross Section for Trapezoidal Roadside Ditch

12/18/2018 5:01:48 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.030

Channel Slope 0.00500 ft/ft

Normal Depth 1.00 ft

Left Side Slope 6.00 ft/ft (H:V)

Right Side Slope 4.00 ft/ft (H:V)

Bottom Width 4.00 ft

Results

Discharge 23.25 ft³/s

Flow Area 9.00 ft²

Wetted Perimeter 14.21 ft

Hydraulic Radius 0.63 ft

Top Width 14.00 ft

Critical Depth 0.75 ft

Critical Slope 0.01678 ft/ft

Velocity 2.58 ft/s

Velocity Head 0.10 ft

Specific Energy 1.10 ft

Froude Number 0.57

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.00 ft

Critical Depth 0.75 ft

Channel Slope 0.00500 ft/ft

Worksheet for Trapezoidal Roadside Ditch

12/18/2018 4:49:33 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



Worksheet for Trapezoidal Roadside Ditch
GVF Output Data

Critical Slope 0.01678 ft/ft

12/18/2018 4:49:33 PM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0100 ft/ft
Pipe Manning's n-value n = 0.0130
Pipe Diameter D = 18.00 inches
Design discharge Q = 10.53 cfs

Full-flow Capacity (Calculated)
Full-flow area Af = 1.77 sq ft
Full-flow wetted perimeter Pf = 4.71 ft
Half Central Angle Theta = 3.14 radians
Full-flow capacity Qf = 10.53 cfs

Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 2.26 radians
Flow area An = 1.55 sq ft
Top width Tn = 1.15 ft
Wetted perimeter Pn = 3.40 ft
Flow depth Yn = 1.23 ft
Flow velocity Vn = 6.79 fps
Discharge Qn = 10.53 cfs
Percent Full Flow Flow = 100.0% of full flow
Normal Depth Froude Number Frn = 1.03 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.29 radians
Critical flow area Ac = 1.57 sq ft
Critical top width Tc = 1.12 ft
Critical flow depth Yc = 1.25 ft
Critical flow velocity Vc = 6.71 fps
Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)

Palmer Solar Facility
18" Culvert

UD-Culvert_v3.05_18-inch Pipe.xlsm, Pipe 12/19/2018, 1:40 PM



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0100 ft/ft
Pipe Manning's n-value n = 0.0130
Pipe Diameter D = 24.00 inches
Design discharge Q = 22.68 cfs

Full-flow Capacity (Calculated)
Full-flow area Af = 3.14 sq ft
Full-flow wetted perimeter Pf = 6.28 ft
Half Central Angle Theta = 3.14 radians
Full-flow capacity Qf = 22.68 cfs

Calculation of Normal Flow Condition
Half Central Angle (0<Theta<3.14) Theta = 2.26 radians
Flow area An = 2.76 sq ft
Top width Tn = 1.54 ft
Wetted perimeter Pn = 4.53 ft
Flow depth Yn = 1.64 ft
Flow velocity Vn = 8.23 fps
Discharge Qn = 22.68 cfs
Percent Full Flow Flow = 100.0% of full flow
Normal Depth Froude Number Frn = 1.08 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.34 radians
Critical flow area Ac = 2.84 sq ft
Critical top width Tc = 1.44 ft
Critical flow depth Yc = 1.70 ft
Critical flow velocity Vc = 7.98 fps
Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)

Palmer Solar Facility
24" Culvert Maximum Capacity

UD-Culvert_v3.05_24-inch Pipe.xlsm, Pipe 12/19/2018, 1:39 PM



.
Applicable Equations:
Lp = (1/2tanΘ)(At/Yt-D)
At = Q/V
Θ = tan-1(1/(2*ExpansionFactor))
W = 2(LptanΘ)+D
T = 2D50

Assumptions
Maximum Major Event Velocity is 7fps for FES outletting into trickle channels

Input parameters:
Description Variable Input Unit
Width of the conduit (use diameter for circular conduits), D: 55.00 ft
HGL Elevation 1.74 ft
Invert Elevation 0.00 ft
Tailwater depth (ft), Yt: 1.74 ft
Expansion angle of the culvert flow Θ: 0.79 radians
Design discharge (cfs)* Q: 762.73 cfs
Froude Number F r 0.04 Subcritical
Unitless Variables for Tables:

For Figure 9-35 Q/D2.5 0.03
For Figure 9-35 Yt/D 0.03
For Figure 9-38 Q/D1.5 1.87
For Figure 9-38 Yt/D 0.03

Allowable non-eroding velocity in the downstream channel (ft/sec) V: 2 ft/sec
Expansion Factor (Figure 9-35), 1/(2tan(θ)) 0.5

Solve for:
Description Variable Output Unit
1. Required area of flow at allowable velocity (ft2) At: 381.37 ft2

2. Length of Protection Lp: 82.09 ft
Lp < 3D? Yes
Lpmin: 165.00 ft

3. Width of downstream riprap protection W: 385.00 ft
4. Rip Rap Type (Figure 9-38) - H
5. Rip Rap Size (Figure 8-34) D50: 18 inches

Rip Rap Summary
Length Lp 165.00 ft
Width W 385.00 ft
Size D50 18 inches
Type - H -
Thickness T 36 inches

Equation 9-15 per USDCM

Rip-Rap Calculation
DRAINAGE CHANNEL

Equation 9-11 per USCDM
Equation 9-12 per USDCM
Equation 9-13 per USDCM
Equation 9-14 per USDCM



.
Applicable Equations:
Lp = (1/2tanΘ)(At/Yt-D)
At = Q/V
Θ = tan-1(1/(2*ExpansionFactor))
W = 2(LptanΘ)+D
T = 2D50

Assumptions
Maximum Major Event Velocity is 7fps for FES outletting into trickle channels

Input parameters:
Description Variable Input Unit
Width of the conduit (use diameter for circular conduits), D: 2.00 ft
HGL Elevation 1.64 ft
Invert Elevation 0.00 ft
Tailwater depth (ft), Yt: 1.64 ft
Expansion angle of the culvert flow Θ: 0.07 radians
Design discharge (cfs)* Q: 22.68 cfs
Froude Number F r 0.99 Subcritical
Unitless Variables for Tables:

For Figure 9-35 Q/D2.5 4.01
For Figure 9-35 Yt/D 0.82
For Figure 9-38 Q/D1.5 8.02
For Figure 9-38 Yt/D 0.82

Allowable non-eroding velocity in the downstream channel (ft/sec) V: 2 ft/sec
Expansion Factor (Figure 9-35), 1/(2tan(θ)) 6.7

Solve for:
Description Variable Output Unit
1. Required area of flow at allowable velocity (ft2) At: 11.34 ft2

2. Length of Protection Lp: 32.93 ft
Lp < 3D? No
Lpmin: 32.93 ft

3. Width of downstream riprap protection W: 7.00 ft
4. Rip Rap Type (Figure 9-38) - L
5. Rip Rap Size (Figure 8-34) D50: 9 inches

Rip Rap Summary
Length Lp 33.00 ft
Width W 7.00 ft
Size D50 9 inches
Type - L -
Thickness T 18 inches

Equation 9-15 per USDCM

Rip-Rap Calculation
CULVERT OUTFALL

Equation 9-11 per USCDM
Equation 9-12 per USDCM
Equation 9-13 per USDCM
Equation 9-14 per USDCM



.
Applicable Equations:
Lp = (1/2tanΘ)(At/Yt-D)
At = Q/V
Θ = tan-1(1/(2*ExpansionFactor))
W = 2(LptanΘ)+D
T = 2D50

Assumptions
Maximum Major Event Velocity is 7fps for FES outletting into trickle channels

Input parameters:
Description Variable Input Unit
Width of the conduit (use diameter for circular conduits), D: 8.00 ft
HGL Elevation 0.41 ft
Invert Elevation 0.00 ft
Tailwater depth (ft), Yt: 0.41 ft
Expansion angle of the culvert flow Θ: 0.46 radians
Design discharge (cfs)* Q: 24.22 cfs
Froude Number F r 0.13 Subcritical
Unitless Variables for Tables:

For Figure 9-35 Q/D2.5 0.13
For Figure 9-35 Yt/D 0.05
For Figure 9-38 Q/D1.5 1.07
For Figure 9-38 Yt/D 0.05

Allowable non-eroding velocity in the downstream channel (ft/sec) V: 4 ft/sec
Expansion Factor (Figure 9-35), 1/(2tan(θ)) 1

Solve for:
Description Variable Output Unit
1. Required area of flow at allowable velocity (ft2) At: 6.06 ft2

2. Length of Protection Lp: 6.77 ft
Lp < 3D? Yes
Lpmin: 24.00 ft

3. Width of downstream riprap protection W: 32.00 ft
4. Rip Rap Type (Figure 9-38) - L
5. Rip Rap Size (Figure 8-34) D50: 9 inches

Rip Rap Summary
Length Lp 24.00 ft
Width W 32.00 ft
Size D50 9 inches
Type - L -
Thickness T 18 inches

Equation 9-15 per USDCM

Rip-Rap Calculation
CONVEYANCE DITCH 1

Equation 9-11 per USCDM
Equation 9-12 per USDCM
Equation 9-13 per USDCM
Equation 9-14 per USDCM



.
Applicable Equations:
Lp = (1/2tanΘ)(At/Yt-D)
At = Q/V
Θ = tan-1(1/(2*ExpansionFactor))
W = 2(LptanΘ)+D
T = 2D50

Assumptions
Maximum Major Event Velocity is 7fps for FES outletting into trickle channels

Input parameters:
Description Variable Input Unit
Width of the conduit (use diameter for circular conduits), D: 4.00 ft
HGL Elevation 0.64 ft
Invert Elevation 0.00 ft
Tailwater depth (ft), Yt: 0.64 ft
Expansion angle of the culvert flow Θ: 0.17 radians
Design discharge (cfs)* Q: 25.47 cfs
Froude Number F r 0.45 Subcritical
Unitless Variables for Tables:

For Figure 9-35 Q/D2.5 0.80
For Figure 9-35 Yt/D 0.16
For Figure 9-38 Q/D1.5 3.18
For Figure 9-38 Yt/D 0.16

Allowable non-eroding velocity in the downstream channel (ft/sec) V: 4 ft/sec
Expansion Factor (Figure 9-35), 1/(2tan(θ)) 3

Solve for:
Description Variable Output Unit
1. Required area of flow at allowable velocity (ft2) At: 6.37 ft2

2. Length of Protection Lp: 17.85 ft
Lp < 3D? No
Lpmin: 17.85 ft

3. Width of downstream riprap protection W: 10.00 ft
4. Rip Rap Type (Figure 9-38) - L
5. Rip Rap Size (Figure 8-34) D50: 9 inches

Rip Rap Summary
Length Lp 18.00 ft
Width W 10.00 ft
Size D50 9 inches
Type - L -
Thickness T 18 inches

Equation 9-15 per USDCM

Rip-Rap Calculation
CONVEYANCE DITCH 2

Equation 9-11 per USCDM
Equation 9-12 per USDCM
Equation 9-13 per USDCM
Equation 9-14 per USDCM



.
Applicable Equations:
Lp = (1/2tanΘ)(At/Yt-D)
At = Q/V
Θ = tan-1(1/(2*ExpansionFactor))
W = 2(LptanΘ)+D
T = 2D50

Assumptions
Maximum Major Event Velocity is 7fps for FES outletting into trickle channels

Input parameters:
Description Variable Input Unit
Width of the conduit (use diameter for circular conduits), D: 8.00 ft
HGL Elevation 0.75 ft
Invert Elevation 0.00 ft
Tailwater depth (ft), Yt: 0.75 ft
Expansion angle of the culvert flow Θ: 0.20 radians
Design discharge (cfs)* Q: 46.26 cfs
Froude Number F r 0.19 Subcritical
Unitless Variables for Tables:

For Figure 9-35 Q/D2.5 0.26
For Figure 9-35 Yt/D 0.09
For Figure 9-38 Q/D1.5 2.04
For Figure 9-38 Yt/D 0.09

Allowable non-eroding velocity in the downstream channel (ft/sec) V: 4 ft/sec
Expansion Factor (Figure 9-35), 1/(2tan(θ)) 2.5

Solve for:
Description Variable Output Unit
1. Required area of flow at allowable velocity (ft2) At: 11.57 ft2

2. Length of Protection Lp: 18.55 ft
Lp < 3D? Yes
Lpmin: 24.00 ft

3. Width of downstream riprap protection W: 18.00 ft
4. Rip Rap Type (Figure 9-38) - L
5. Rip Rap Size (Figure 8-34) D50: 9 inches

Rip Rap Summary
Length Lp 24.00 ft
Width W 18.00 ft
Size D50 9 inches
Type - L -
Thickness T 18 inches

Equation 9-15 per USDCM

Rip-Rap Calculation
CONVEYANCE DITCH 3

Equation 9-11 per USCDM
Equation 9-12 per USDCM
Equation 9-13 per USDCM
Equation 9-14 per USDCM



.
Applicable Equations:
Lp = (1/2tanΘ)(At/Yt-D)
At = Q/V
Θ = tan-1(1/(2*ExpansionFactor))
W = 2(LptanΘ)+D
T = 2D50

Assumptions
Maximum Major Event Velocity is 7fps for FES outletting into trickle channels

Input parameters:
Description Variable Input Unit
Width of the conduit (use diameter for circular conduits), D: 4.00 ft
HGL Elevation 1.23 ft
Invert Elevation 0.00 ft
Tailwater depth (ft), Yt: 1.23 ft
Expansion angle of the culvert flow Θ: 0.09 radians
Design discharge (cfs)* Q: 49.37 cfs
Froude Number F r 0.62 Subcritical
Unitless Variables for Tables:

For Figure 9-35 Q/D2.5 1.54
For Figure 9-35 Yt/D 0.31
For Figure 9-38 Q/D1.5 6.17
For Figure 9-38 Yt/D 0.31

Allowable non-eroding velocity in the downstream channel (ft/sec) V: 4 ft/sec
Expansion Factor (Figure 9-35), 1/(2tan(θ)) 5.5

Solve for:
Description Variable Output Unit
1. Required area of flow at allowable velocity (ft2) At: 12.34 ft2

2. Length of Protection Lp: 33.19 ft
Lp < 3D? No
Lpmin: 33.19 ft

3. Width of downstream riprap protection W: 10.00 ft
4. Rip Rap Type (Figure 9-38) - L
5. Rip Rap Size (Figure 8-34) D50: 9 inches

Rip Rap Summary
Length Lp 33.00 ft
Width W 10.00 ft
Size D50 9 inches
Type - L -
Thickness T 18 inches

Equation 9-15 per USDCM

Rip-Rap Calculation
CONVEYANCE DITCH 4

Equation 9-11 per USCDM
Equation 9-12 per USDCM
Equation 9-13 per USDCM
Equation 9-14 per USDCM



.
Applicable Equations:
Lp = (1/2tanΘ)(At/Yt-D)
At = Q/V
Θ = tan-1(1/(2*ExpansionFactor))
W = 2(LptanΘ)+D
T = 2D50

Assumptions
Maximum Major Event Velocity is 7fps for FES outletting into trickle channels

Input parameters:
Description Variable Input Unit
Width of the conduit (use diameter for circular conduits), D: 8.00 ft
HGL Elevation 1.79 ft
Invert Elevation 0.00 ft
Tailwater depth (ft), Yt: 1.79 ft
Expansion angle of the culvert flow Θ: 0.09 radians
Design discharge (cfs)* Q: 93.44 cfs
Froude Number F r 0.24 Subcritical
Unitless Variables for Tables:

For Figure 9-35 Q/D2.5 0.52
For Figure 9-35 Yt/D 0.22
For Figure 9-38 Q/D1.5 4.13
For Figure 9-38 Yt/D 0.22

Allowable non-eroding velocity in the downstream channel (ft/sec) V: 4 ft/sec
Expansion Factor (Figure 9-35), 1/(2tan(θ)) 5.8

Solve for:
Description Variable Output Unit
1. Required area of flow at allowable velocity (ft2) At: 23.36 ft2

2. Length of Protection Lp: 29.29 ft
Lp < 3D? No
Lpmin: 29.29 ft

3. Width of downstream riprap protection W: 13.00 ft
4. Rip Rap Type (Figure 9-38) - L
5. Rip Rap Size (Figure 8-34) D50: 9 inches

Rip Rap Summary
Length Lp 29.00 ft
Width W 13.00 ft
Size D50 9 inches
Type - L -
Thickness T 18 inches

Equation 9-15 per USDCM

Rip-Rap Calculation
CONVEYANCE DITCH 5

Equation 9-11 per USCDM
Equation 9-12 per USDCM
Equation 9-13 per USDCM
Equation 9-14 per USDCM
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OPINION OF PROBABLE COST



Kimley-Horn & Associates, Inc. Opinion of Probable Construction Cost

Client: JSI Construction Group LLC Date: 1/18/2019
Project: Palmer Solar Facility Prepared By: JJM
KHA No.: 096495003 Checked By: EJG

 No: Sheet: 1 of 1

Item No. Item Description Quantity Unit Unit Price Item Cost

Permanent BMP Costs (Private)
1 24" CMP Culvert 1,343 LF $90.00 $120,870
2 24" Culvert End Section 72 EA $2,600.00 $187,200
3 18" CMP Culvert 304 LF $70.00 $21,280
4 18" Culvert End Section 18 EA $2,000.00 $36,000

Subtotal: $365,350
Contingency (%,+/-) 10% $36,535
Project Total: $401,885

Basis for Cost Projection:

Design Engineer:

Eric J. Gunderson
Registered Professional Engineer, State of Colorado No. 49487

Kimley-Horn & Associates, Inc. has not prepared fully engineered construction drawings for this site; therefore, the final quantities are subject to
change.  Additionally, the final land plan could change significantly through the development process.  This OPC is not intended for basing financial
decisions, or securing funding. Review all notes and assumptions. Since Kimley-Horn & Associates, Inc. has no control over the cost of labor,
materials, equipment, or services furnished by others, or over methods of determining price, or over competitive bidding or market conditions, any and
all opinions as to the cost herein, including but not limited to opinions as to the costs of construction materials, shall be made on the basis of experience
and best available data. Kimley-Horn & Associates, Inc. cannot and does not guarantee that proposals, bids, or actual costs will not vary from the
opinions on costs shown herein.  The total costs and other numbers in this Opinion of Probable Cost have been rounded.

No Design Completed

Preliminary Design

Final Design

2/5/19
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