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Cottonwood Creek Stormwater Detention Basin
and

Tutt Boulevard Extension
Engineer’s Statement

This report and plan for the drainage design of the Cottonwood Creek Stormwater Detention Basin
and Tutt Boulevard Extension Project was prepared by me (or under my direct supervision) and is
correct to the best of my knowledge and belief. Said reportand plan hasbeen prepared in accordance
with the City of Colorado Springs Drainage Criteria Manual and is in conformity with the master plan
of the drainage basin. | understand that the City of Colarado Springs does not and will not assume
liability for drainage facilities designed by othgg;!;%%@fgg@ﬁé‘s&gonsibility for any liability caused by
any negligens nson m_yi@r&iﬁ\@ﬂq’ﬁﬁlﬁgthls report.
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City Project Manager’s Statement

I hereby certify that the drainage for the Cottonwood Creek Stormwater Detention Basin and Tutt
Boulevard Extension Project will be constructed according to the design presented in this report. I
further understand that field changes must be reviewed by the City Review Engineer to ensure
conformance with the original design intent. | am employed by and perform engineering services
solely for the City of Colorado Springs, and therefore am exempt from Colorado Revised Statute Title
12, Article 25, Part 1 according to § 12-25-103(1), C.R.S.

Name of City Project Manager < /207 Dvtrse

City of Colorado Springs Statement:
Filed in accordance with Section 7.7.906 of the Code of the City of Colorado Springs, 2001, as
amended.

=, 22202 6
For City Engineer Date
Conditions:
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L General Location and Description of Project

The Cottonwood Creek Stormwater Detention Basin and Tutt Boulevard Extension project
has been proposed by the City of Colorado Spring Water Resources Engineering Division (WRED).
The purpase of the project is to provide 100-year flood detention storage for Cottonwood Creek and
to provide the and water quality treatment for the portion of Tutt Boulevard subject to extension.
For Cottonwood Creek the project will involve the installation of a 14-foot by 8-foot box culvert to
carry runoff under Tutt Boulevard, two drop structures upstream of the embankment, a pedestrian
underpass and attendant grading and revegetation. The extension of Tutt Boulevard will invoive the
construction of two traffic lanes that will begin at the present intersection of Tutt Boulevard and
“new” Cowpoke Road, north to “old” Cowpoke Road. A water quality BMP will be constructed to
detain and treat runoff from the roadway before discharging to the Cottonwood Creek drainageway
upstream of Tutt Boulevard, The improvements to the roadway and drainageway will all be
constructed on present or future City owned land and right-of-way. Because the flood storage is
created by a publicly operated and maintained roadway, the embankment is exempted from review
by the Office of the State Engineer, Dam Safety Branch as described in the Rules and Regulations for

Dam Safety and Dam Construction.

The location of the site is presented on Figure 1. Photographs that show the condition of the

drainageway in October 2017 are contained within Appendix A.

The Cottonwood Creek Stormwater Detention is one of several identified in the inter-
governmental agreement (IGA) between the City of Colorado Springs and Pueblo County. The facility
is to provide detention of stormwater only. The facility will not provide water quality storage, nor
will it be designed to operate as a full spectrum detention {(FSD), basin. The site has been selected to
take advantage of the proposed roadway embankment that must be constructed to extend Tutt
Boulevard from its present terminus just south of Cottonwood Creek, north into Wolf Ranch, The
land needed for the embankment as well as the storage area currently lies within the City of Colorado

Springs and El Paso County.

H. Criteria and References

The following references were reviewed as part of conducting the hydrologic analysis and
in the layout of the detention basin storage area and appurtenances.

1. NRCS Soil Survey for El Paso County, Colorado.

2. City of Colorado Springs Drainage Criteria Manual, Volumes 1 and 2, prepared by City of
Colorado Springs, dated April 2014, with most current clarifications.

3. Rules and Regulations for Dam Safety and Dam Construction, State of Colorado Department
of Natural Resources Division of Water Resources Office of the State Engineer Dam Safety
Branch dated January 1, 2007,
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5. HEC-1 Flood Hydrograph Package User’s Manual prepared by US Army Corps of Engineers
Hydrologic Engineering Center dated June 1998.

6. Cottonwood Creek Drainage Basin Planning Study prepared by Matrix Design Group, March
2019.

7. Cottonwood Creek Drainage Basin Planning Study Evaluation of PR-2 (Tutt Pond) IGA
Detention Facility, prepared by Matrix Design Group, August 2017,

8. Colorado Springs Department of Utilities FIMS topographic mapping and utility maps.

9. Cottonwood Creek PR2 and Tutt Boulevard Extension Conditional Letter of Map Revision,
Case no. 18-08-1091P, May 2019,

IH. Existing Watershed Conditions

The portion of the Cottonwood Creek watershed tributary to the facility covers 6.06 square
miles. The predominant present and future land use is single-family. Land within Wolf Ranch that
will outfall to the facility is proposed as residential on lots ranging in size from 6,000 to 8,000 square
feet. Upstream of Black Forest Road the land use is rural residential with lots ranging in size from
2.5 to 5-acres. In the uppermost portion of the watershed 5-acre and 10-acre rural residential lots

are located. At this time the watershed is approximately 85 percent developed.

V. Major Drainageway Hydrology

The hydrology used in the design of the Cottonwood Creek PR-2 detention basin was obtained
from Reference 5. Peak discharges for the existing and future development conditions were
determined using Reference 4. The hydrograph model was compiled using the curve number loss
method. The following hydrologic parameters were developed in Reference 5 to assess the required

inflow and outflow discharges to guide the design.

1. Theland use within the watershed when fully developed will result in a percent
imperviousness value of 16 percent. This value has been applied in the development of
the curve numbers that were input to the HEC-1 routing model.

2. An antecedent moisture condition of I (saturated), was assumed when evaluating the
NRCS curve number.

3. Due to the size of the watershed, the “dominant” storm was assumed to be the 24-hour
duration storm and was applied in Reference 2.

4. The rainfall depth used for input to the HEC-1 model was obtained from NOAA Atlas 3.
The 24-hour rainfall depth for the 100-year recurrence interval is 4.4 inches.

5. The Type Il rainfall distribution applied was obtained from Reference 2. The 24-hour
design storm temporal distribution input to the HEC-1 model.
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Provided within Appendix A are the tabular hydrographs for the Cottonwood Creek
watershed at Tutt Boulevard as determined in Reference 5 and 6 for the 10-, 50- 100- and 500-year
recurrence intervals. The hydrographs for the above recurrence interval was input to HEC-1 to
develop a model that could be used to rout a hydrograph through PR-2 for the purposes of design. A
match between the results listed in Reference 6 and this design effort was obtained. The input and
output for the HEC-1 model to be used in the design of PR-2 is contained within Appendix A. The
watershed map from Reference 5 is contained within Appendix B.

The design discharges for the project are as follows:

10yr S50yr 100yr 500yr

(cubic feet per second}

Inflow 971 1945 2379 3576
Outflow 959 1808 2079 2600

Based upon the results above, a 13 percent reduction in the 100-year peak discharge will be
affected due to the incidental flood storage that is created by the Tutt Boulevard embankment.

V. Major Drainageway Hydraulics
The hydraulic calculations focused on determining the outlet culvert through the
embankment and the design of the Cottonwood Creek drainageway upstream of the detention basin’s

storage pool.

Outlet culvert: Contained in Appendix D are the hydraulic calculations for the outlet culvert
proposed for the project. During the alternative analysis various sizes of principal outlet structures
were hydraulically analyzed. The Urban Drainage and Flood Control District (UDFCD) Culvert Rating
spreadsheet was used to develop discharge curves for each alternative structure for input to the HEC-

1 hydrology model.

6-foot (rise) by 12-foot {span} CBC
6-foot (rise} by 14-foot (span) CBC
8-foot (rise) by 14-foot (span) CRC
11-foot diameter RCP

2- 8-foot diameter RCPs
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As a result of the alternate analysis the 8-foot high by 14-foot wide concrete box culvert was
selected. The Federal Highways Administration (FHWA) HY-8 culvert analysis program was used to
rate the selected culvert. The HY-8 input and output are contained within Appendix D. The results
from the HEC-RAS model for the proposed condition as presented in the CLOMR (Reference 9} for
this project was used to determine the hydraulic grade line and velocities for the purpose of design.
The CBC will operate in an inlet control condition and therefore the hydraulic grade line at the
entrance to the CBC is determined by the size of the opening and the headwater depth.

The geometry of the box culvert was chosen to meet the Colorade Department of
Transportation M-standards for a single box culvert. The M-standard details for a single-bay box
culvert have been included within Appendix D. The selected box culvert can be either cast-in-place
or precast. Based upon the analysis, the 8-foot by 14-foot CBC can maintain the 100-year HGL 1.5
feet below the trail elevation at the entrance to the proposed pedestrian underpass.

Cottonwood Creek Drainageway: Contained in Appendix D are the hydraulic calculations
for the drainageway measure to be completed as part of the detention basin and roadway extension.
Two hydraulic conditions were analyzed: (1) storage pool empty with 100-year discharge coming
into the facility; and (2) storage pool. For case 1, normal depth calculations were carried out using
UDFCD channel design spreadsheets. From these calculations the riprap bank lining material and the
drop crest geometry were determined. The drops were designed to contain the 100-year design
inflow within the crest of the drop. The design slope of the drainageway upstream of the box culvert
was set at 0.5%. Using this the design slope and average velocities for the 100-year recurrence
interval ranged from 9.1 to 12.9 feet per second. Using the methods outlined in the UDFCD DCM
Chapter 8, Type L (D50=9-inches), soil riprap is required.

For case 2 a HEC-RAS model was developed to determine the 100-year hydraulic grade line
assuming the storage area was full. Contained within Appendix D is the HEC-RAS flood profile
summary. Also contained in Appendix D is the CLOMR work map for the proposed condition. For
case 2 the backwater from the storage pool at full depth would cause the drops to become submerged.

Under normal flow conditions (storage pool is empty), the inflow channel has 100-year
velocities that range from 6 feet per second between and upstream of the proposed drops, to 12 feet
per second at the crest of the drops. The CBC 100-year outlet velocity is estimated at 16.4 feet per
second using the HEC-RAS model results. Velocity at the terminus of the project is estimated at 3.4

feet per second

VL Floodplains
According to the Federal Emergency Management Agency {FEMA), the site does lie within a

designated floodplain. The Floodplain Insurance Rate Map (FIRM) for the City of Colorado Springs

panel 529G effective December 7, 2018 was reviewed to determine any potential floodplain
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delineation. Provided on Figure 2 is the firmette for the project area. Since the work as proposed
will occur within a regulatory floodway, a CLOMR was required. Work maps and HEC-RAS hydraulic
summary provided to FEMA for review as part of the CLOMR are included within Appendix D. The
CLOMR was approved in May 2019 and the determination letter has been included within Appendix
D. A Letter of Map Revision (LOMR), is required and will be provided to FEMA once the as-built

condition of the project is surveyed and the floodplains determined.

VII. Tutt Boulevard Drainage

Contained within Appendix E is the roadway drainage report prepared for the Tutt
Boulevard Extension. The roadway drainage report was used to determine the sizes of the
proposed curb inlets required at the intersection with “new” Cowpoke Road. The roadway
drainage report was used in the design of the proposed water gquality basin located at the
northeast corner of New Cowpoke Road and future Tutt Boulevard that will store and treat
runoff from generated by the public roadway. Runoff from the roadway will be picked up
by inlets located at the south end of proposed Tutt Boulevard. Runoff collected by the inlets
will be conveyed via a storm sewer to a forebay. The forebay will discharge to a concrete
trickle channel that will convey low flow to the proposed outlet structure. The outlet
structure will be fitted with a trash rack and a perforated plate that will control the discharge
of the stored runoff at the prescribed release rates. The flow emerging from the perforated
plate side of the outlet structure will discharge to the proposed 54-inch RCP. The 54-inch
RCP will then discharge to the flood storage pool at the location shown on the design plans.
The water quality basin lies above and outside the 100-year base flood elevation at this point
along Cottonwood Creek.

VHI. Four Step Process

The construction of the detention basin outlet and storage area, and the drainageway
improvements for Cottonwood Creek will disturb approximately 10.6 acres within an overall
project site of 13.5 acres. Area of the drainageway improvements measured to the top of the
proposed banks is estimated at 4.5 acres. All disturbed areas outside of the drainageway will
be stabilized with native grasses.

Because of the extent of the disturbance the Four Step process was followed. The
Four Step Process is a requirement of the City of Colorado Springs for any construction
activity that has disturbance of more than one acre.

Step One-Runoff Reduction: The existing condition of the drainageway is one of
steep eroded banks and an invert that flows on native bedrock. The proposed drainageway
improvements will raise the invert well above the bedrock. The invert will be restored using
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native sand and cobbles that will allow for some of the runoff in the drainageway,
particularly for low flows, to percolate into the subgrade. The steep eroded banks will be
replaced by soil riprap bank linings that will be revegetated with native grasses. Overall the
effective imperviousness of the corridor will be reduced upon completion of the project.

Step Two- Water Quality Storage: Since there is no increase in the imperviousness
of the drainageway corridor over present day conditions, storage of the water capture
volume is not required. However, the construction of the outlet culvert and storage area will
act to reduce the 100-year peak runoff from approximately 2,400 cubic feet per second to
1,900 cubic feet per second. The portion of the 100-year volume that is stored will be
released over a longer time period as compared to the present-day conditions. The reduction
in peak discharges for the 100-year recurrence interval will benefit the drainageway
facilities that lie downstream of the project.

The project includes the extension of Tutt Boulevard from its present terminus at
New Cowpoke Road, north to the boundary with Wolf Ranch. This segment of Tutt
Boulevard was the subject of the final drainage report prepared by Rockwell Consulting that
is included in the Appendix E of this report. The runoff from sub-basin that covers the Tutt
Boulevard extension work will be conveyed within the street section. Runoff in the street
will move south and will outfall to curb inlets at New Cowpoke Road. The runoff collected
by the curb inlets will discharge to a storm sewer that will then carry runoff into a proposed
water quality basin. The water quality basin will store the water quality capture volume
(WQCV) and release it to Cottonwood Creek upstream of the propesed box culvert. The
WQCV was estimated at .165 acre-feet. The WQCV will be released over a 40-hour period.
The water quality basin has been designed to be in conformance with Reference 2. The water
quality basin has an outlet control structure fitted with a trash rack and perforated plate, a
micro-pool, a concrete trickle channel and a forebay.

Step Three-Drainageway Stabilization: As discussed above in Step Two, the
existing drainageway is typified by steep eroded banks and an invert that has incised itself
into the native bedrock. These conditions will continue to occur until the channel is
stabilized both vertically and horizontally. The proposed channel linings in combination
with the sloping drop structures will result in a longitudinal stream slope of 0.5 percent. The
0.5 percent stream slope will allow for normal flow conditions to occur for all recurrence
intervals and eliminate the high velocity and critical depth conditions that exist now and that
cause bank and invert erosion.

Step Four-Source Controls: The construction of the drainageway stabilization
measures will not increase the imperviousness of the project areas and therefore source
control are not required.
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The proposed drainageway improvements have been designed to meet the
requirements of the Four Step Process. The creation of 100-year flood storage made possible
by this project will not adversely impact downstream reaches of Cottonwood Creek.

IX. Full Spectrum Detention
Using the methodology described in Volume 1I of the Urban Drainage and Flood Control
District (UDFCD) Storm Drainage Criteria Manual the water quality capture volume (WQCV), and
excess urban runoff volume (EURV) was determined for the watershed that is tributary to the
Cottonwood Creek PR-2 water quality basin. The required storage detention of the 100-year
recurrence interval has not been provided for within the storage pool of the water quality basin. The

100-year storage is being provided within the storage pool of the Cottonwood Creek PR-2 facility.
The following design parameters were input to the FSD analysis:
Basin area: 6.14 acres

Percent imperviousness 79.1 %

Hydrologic soils:

HSGB 100 %
MDCIA assumption 0
Storage requirement WQCV and EURV
Drain time:
WCQV 4(¢ hours
EURV-100-year <72 hours
100-year Inflow 50.5 cubic feet per second

Based upon the above hydrologic assumptions, the following volumes were determined:

WQCV 165 acre-feet
EURV 538 acre-feet

Approximately .538 acre-feet of water quality storage will be provided within the storage
pool. The supporting calculations for extended detention basin are provided in Appendix F.

Using the volumes stated above the following FSD basin design parameters were established.
The parameters are based upon the guidelines for the design of extended detention basin (EDB’s),

that are summarized in Reference 6.
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Forebay release rate: 1.01cfs

Minimum forebay volume: 005 AF
Maximum forebay depth: 1.5 inches
Trickle channel capacity: 2cfs
Micro-pool area: > 10 square feet
Initial surcharge depth: > 4 inches
Initial surcharge volume: 01 AF

An emergency spillway has been provided capable of passing the un-detained 100-year
inflow should the principal outlet become plugged. The top grate of the outlet structure has been
sized to be able to convey the un-detained 100-year inflow as well, so it is unlikely that the emergency
spillway will come into service. The 100-year inflow will pass though the outlet structure via the top

grate and into the 54-inch RCP that passes beneath the storage pool.

X. Drainage and Bridge Fees

The construction as proposed required that a subdivision plat be created for the portion of
the project that that lies west of future Tutt Boulevard. This parcel covers 2.147 acres. The parcel
lies within the Cottonwaood Creek drainage basin therefore drainage, bridge and basin surcharge fees
are due prior to plat recordation as follows:

Type of Fee Acres Fee / Acre (2020) Fee
Drainage Fee 2.147 $14,356 $30,822.33
Bridge Fee 2.147 $1,175 $2,522.73
Surcharge 2.147 $752 $1.614.54
Total Fees $34,959.60

XI. Conclusions

The following conclusions can be summarized based upon the final drainage report and

associated analyses:

1. Peak discharges for the 100-year for Cottonwood Creek will be attenuated by storage
created upstream of the Tutt Boulevard roadway embankment. Approximately a 13
percent reduction in the 100-year peak flow rate will be affected.

2. The storage and release of the WQCV over a 40-hour period as generated by the roadway

itself will cause suspended sediment and debris to fall out within the storage area of the
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water quality basin,, thereby reducing the amount of sediment and debris available to be
transported to the downstream drainageway.

The construction of the major drainageway that includes the channel linings and drop
structures will slow the velocity of the runoff as it approaches the flood storage pool. The
construction of the drainageway facilities will raise the invert of the Creek and eliminate
the incised section of Cottonwood Creek through the City’s property. Thereby greatly
reducing the sediment load to downstream reaches that now result from invert
degradation and channel bank sloughing.

The implementation of an operations and maintenance manual for this facility will allow
for the routine inspection and cleaning of the storage area and outlet works. Presently,
yard wastes from surrounding lots are dumped with the storage area and along the inflow
channel. Routine clearing of such waste will ensure that the outlet works perform as

designed.

Kiowa Engineering Corporation



APPENDIX B

MAJOR DRAINAGEWAY HYDROLOGY INFORMATION
COTTONWOOD CREEK DBPS MARCH 2019 SELECTED EXCERPTS
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A more detailed analysis of the site conditions may require adjustment to the performance results and
opimions of probable construction costs A summary of the conditions and evaluation results at each
potential pond location is provided in the following subsections

5.4.1. Pond PR-2 (Tutt Pond)

The City owns the parcel on which this potential facility is located (Schedule #5306201001) The location
of Pond PR-2 1s shown on Figure 5-1 This detention facility is planned for construction upstream of the
proposed extension of Tutt Boulevard over Cottonwood Creek, and is also referred to as the “Tutt Pond”
The proposed roadway embankment will impound flood flows and the culvert crossing under the
proposed Tutt Boulevard will provide the outlet structure of the pond.

. Pond PR-2 Location

v

K
el
[

The drainage basin area upstream of this site 1s approximately 6 square miles with a percent
imperviousness of 16% and much of the basin 1s within El Paso County Two cases for the pond
configuration were evaluated

Case 1 - This case was created to consider the cost and performance of the pond using only the proposed
Tutt Boulevard extension embankment to create the detention storage volume No excavation of the side
slopes adjacent to Cottonwood Creek 1s proposed to increase the available storage volume The outlet
culvert will extend under the proposed Tutt Boulevard extension that will serve as the emergency
spillway for the pond The storage available for this case accounts for the proposed Cumbre Vista water

Alternatives Evaluation and Selected Plan 5-2

Cctopaive S
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quality treatment facility to be located in the easterly portion of the site A schematic of the Case |
configuration 1s provided as Figure 5-8 at the end of this section

Case 2 - This case was created to consider the cost and performance of the pond by increasing the storage
volume upstream of the proposed Tutt Boulevard extension embankment with the excavation of slopes
adjacent to Cottonwood Creek The same type of outlet culvert as proposed in Case 1 15 proposed in Case
2 The storage available for this case also accounts for the proposed Cumbre Vista water quality
treatment facility to be located in the easterly portion of the site A schematic of the Case 2 configuration
1s provided as Figure 5-9 at the end of this section

The results of the performance evaluations for Case | and Case 2 are summanized in the following table

Table 5-1, Pond PR-2 Performance Summary

Max.
Peak Peak i Max.
Configuration | Inflow Qutflow PRetI o Elevation Storage
eak Inflow Volume
(cfs) (cfs) (ft) (ac-fY)
Runoff Event: 2-Year, 24-Hour
Case | 327 327 0% 6.874 105
Case 2 327 325 1%% 6,869 200
Runoff Event: 100-Year, 24-Hour
Case | 1,949 1.709 12% 6.877 173
Case 2 1,949 1.667 15% 6,874 319

The opinion of probable construction costs for Case | and Case 2 1s summarized n the following table

Table 5-2. Pond PR-2 Opinion of Probable Construction Costs

itém Casel Cage 2
(without exc.) (with exc.)
Construction Subtotal $2,078.000 $3.243,000
Construction Contingency (25%) $520,000 $487,000
Engineering (15%) $312,000 $811,000
Total $2.910.000 $4.541.000

Cottonwood Creek & South Pine Creek Drainage Basin Planning Study



Table 3.20. Peak Flows at Select Design Points

S S PIRCERSERE - Existing Flows (efs) ' - “Futare Flows (cfs Futare Flows facrease (%
R o _ le_mea_ * _5‘1.’"_1)_ 2-year | Sxyear | 10-year yﬂ!‘ o~ d-year | S-year | I0-yesr | year 2.year | S-year | l0.yesr | 100.year
. " Cottonwood Creek

Black Forest Road JUCIS0 346 93 o0 340 1,160 93 210 340 1,100 [ (135 {137 (%

Fuiure Research Parkway (Wolf Ranch) | JWRI164 P97 478 630 40 1,200 460 610 750 1,500 -1 -3% ) 25%

Cowpoke Road IMCO052 606 568 750 850 2400 480 710 970 2,400 ~14% ~5% 9% 0%

Cottonwood Creek Man Stem ‘ 'y . .

Upstream of Rangewood Drive IMC245 10 85 890 1,200 1,400 3,400 1.0G0 1,400 1,708 3,600 12%, 17% 2% 6%

Rangewood Tributary Upstream of ‘ . ) )

Rangewood Drive IRTI6E 34 090 1,300 1,500 2.200 990 L300 1,500 2200 0% 0% 0% {%a

Rangewood Drive JLCO32 14 26 1,700 2,300 2,100 5,100 1,900 2,400 3.600 5,300 12% 4% 11% 4%

At Confluence with Monument Creek CC_Outlet 1917 2200 3100 3600 6.800 2400 3,200 3,900 7.100 9oy 3% 8% 4%

South Ploe Creek
At Confluence with Pine Creek ISPC200 3.69 950 1,300 1,500 2,100 950 1.360 1,500 2,100 0% 0% 0% 0%
Table 3-21. Flow Volumes at Select Desipn Points
Existing Flow Volume {ac-ff) Future Flow Volume (ac-ft) Future Flow Volome Increase (%)
Location HEC-HMS | Area : oy oy T00-
Element {sq i) 2 : 2 3
Tent 2-year Syenr | 10-year year 2-year Syear | 1d-year year 2-year S-year _w-yeg_r year
Cottonwood Creek

Black Forest Road JUCIS0 346 15 43 69 210 15 43 79 220 0% 0% %% 5%

Future Research Parkway (Wolf Ranch) { JWRI164 |97 8 26 42 i30 22 46 66 170 3% 2%y 57% 31%

Cowpoke Road INMCOS52 ‘l/ 6 (6 26 77 138 390 47 110 160 440 8i%; 43% 23%, 13%

Cottonwood Creek Mamn Stem a. 5. o o,

Upstream of Rangewood Drive IMC246 10 85 98 0 320 570 150 300 420 1.000 53% 36% 31% 75%

Rangewood Tributary Upstream of 0. a; 3 5,

Rangeviood Drve IRT166 KR 3| 68 130 170 g0 76 140 180 400 2% 8% 6% 5%

Rangewood Drive JLCB32 14 26 170 350 490 1,200 230 440 600 1.400 35% 26% 22 {7%

At Confluence with Monument Creek CC_Outler 1917 360 S8O 7940 1,500 370 670 9i0 2000 3% 16%% 15% 8%

Seuth Pine Creek

At Confluence with Pine Creek JSPC200 369 120 200 260 470 120 200 260 470 0% D% 0% 0%
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Table 3-22. Summary of Existing Hydrologic Results at Key Design Points

Hydrologic Resuits
2-Year 100-Year
Peak
Hydrologic Drainage Area | Peak Volume | Discharge Volume
Element (sq mi) Discharpe (cfs) | (ac-ft) (cfs) (ac-ft)
CC OUTLET 1917 22(H) 560 GRIK) 1800
Frurfax 1 44 180 33 250 76
JLCO32 14 26 1700 330 5100 1200
JLCO034 14 53 1800 340 5200 1304
JLCO36 1513 14N} 370 330 1304)
JLCOR2 155 2UKK) 3% 56(K) 141
JLCO#4 1622 21K 410 5900 150
JLCI100 1637 210 420 GLHH) 150
JLCI22 16 54 210 420 GIHK) 1514
JLCI124 16 69 210 430 G104 L 5tk}
ILC126 16 95 2200 440 62K 1500
JLC150 1737 22(H) 464 (L] 164K}
JLC212 1848 240 320 GINK) 1700
JLC214 I8.83 2400 540 71t 18041
_% JMC052 606 560) 53 2300 470
JMCO053 606 564) 53 2400 470
JMCO054 64 570 59 24tH) A}
JMCO056 6.61 630 G4 25(1) 520
IMCO058 1.27 G0 70 271H) 560
IMCI172 871 #10 v 3(HH) 670
IMC174 g 85 H20 100 (KUY OH)
IMC176 918 H0 110 31K 730
IMC178 946 910 120 320 760
JMC242 1041 790 180 33N B0
IMC244 1047 820 190 330 850
IMC246 10 85 89 210 34K 880
JRTIUG 212 580 47 13(K) 210
JRTI62 261 740 62 164K) 270
JRTIG4 327 50 79 21K 350
JRTI1G6 34l HX) 43 2200 370
JSPC154 293 560 v 12(K) 390
JSPC156 319 760 [ 1640 230
JSPCIG2 203 150 62 230 2040
JSPCIG4 203 1501 62 230 2060
JSPCI6G6 232 250 71 480 300
JSPC200 369 U5 120 21K 260
JUCI04 224 37 13 7t4) 130
Juciz2 224 37 13 TN 130
JUCH24 234 39 14 750 140
JUCI26 2.63 BL] 18 820 170
JUCI130 2 82 59 22 930 1K)
JUC140 305 76 27 1100 210
JUCIS0 34 77 2 11 2320
JUCI60 324 78 29 1 LK) 230
JUCI9%0 346 3 34 1 LIK} 250
Juciv2 379 L6 20 13t 240
JUCI 393 210 24 13(k} 290
JWRIG6 205 4H0 35 1200 170
JWRITO 213 504 37 1300 180
RSPC200 369 950 12(0) 15(H) 270

Hydrologic Analysis
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Table 3-23. Summary of Future Hydrologic Results at Key Design Points

Hydrologic Results

2-Year 100-Year

Pesk Peak
Hydrologic Drainage Area | Discharge Volume | Discharge Volume
Element (sq mi) (cfs) (ac-ft) (cfs) (ac-f)
CC_OUTLET 1917 2400 640 71K 200
Faurlax 1 44 180 29 260 160
JLC032 14 26 1910 410 531H) 141K
JLCO34 14 53 190 420 5510 140H)
JLCO36 1513 2(KH) 450 571K 1500
JLCO’2 155 21K 470 GIHX) 1501
JLCO84 1622 224K 390 6300 164H)
JLC100 1637 2K 51K} [ 1] 1 (KD
JLC122 16 54 IHK) 500 Gl 1) [
JLC124 16.69 23(K) 510 GS1K) LGAK
JLC126 16 95 2300 520 GHR) 1700
JLC150 1737 23(H) 540 GRIK) 1700
JLC212 18 48 25(H) IR 73100 194K
JLC214 18 83 25(H) 620 75(K) 194K
JMCO052 6.06 480 120 241K) 5611
JMCO053 6.06 a80 120 2400 564)
IMC054 G4 90 130 250K) 5941
IMC056 G 6l 530 140 26400 610
IMCO58 727 500 150 2810 664)
IMCI72 B 71 [ 210 310 B10
IMC174 K 85 [ 220 310 30
IMC176 918 740 230 3200 B70
IMCI178 946 750 240 3300 KK
IMC242 1041 Y20 270 3500 YK
IMC244 10 47 Y50 270 35(K) V8K
IMC246 10 85 XK} 280 361K 1K)
JRT10G 212 SHO 47 1304 210
JRT162 26l 740 62 16IK) 270
JRT164 327 950 79 21K 350
JRTIGG6 341 9K 43 221X 370
JSPCi54 293 56l y2 121K) 390
JSPCIS6 319 760 1K) 1600 230
JSPCIG2 203 150 2 230 260
JSPCIG4 203 150 62 230 260
JSPC166 232 250 71 40 30
ISPC200 k) Y50) 120 21H) 260
JUCI04 224 37 13 TFiH) 130
Jucli22 224 37 13 TIH) 130
Juci2d 234 3y 14 750 140
JUCI26 263 48 1% ¥20 170
JUCI30 242 59 22 Y30 1H)
Juc14o 308 76 37 1100 210
JUCI50 314 77 28 1100 130
JUCI60 324 78 29 1100 230
JUC190 346 Y3 34 1100 250
Juclya 379 130 sl 1300 30
JUC 194 393 150 57 1300 320
JWRIG6 205 360 [ 1400 230
JWRI170 213 360 66 141K 240
RSPC200 369 050 120 15(KX) 270
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EOIPo & »t LETTADWDLD Lok



Cottonwood Creek Drainage Basin Planning Study

Cottonwood Creek Drainage Basin Plaoning Study

A-40

Future Model Resufts
. - Resulls o R e Hesults .

T R E e Yoer S¥ear CWVear - 25Yesr . 50-Yesr - AM0-Yesr o - : : " ZVear 5Yeur WYear 25Yexr 56-Year Yeor .

Hytre ‘Drainege Ares - § Poak Discharge * Ponk Discharge - Peok - Poak Discharge © Pesk Dischatge  Poak Discharge Hydrologic - Drainage Ares § Pook Discharge  Peak Discharge  Pesk Dischatge  Poak Discharge || Pesk Discharge - Peak Discharge
Elemont | - s MR .. R i RN . FERNE - B {efs} Elemant fsamll - {cts) " {cis} {cis} {cfs} fcfs) fefs)-
CC_OUTIEY 1917 2400 3200 3900 5400 6200 7100 IMACDIO 0.09 62 g2 (3 130 120 140
CHOPL_Lower .42 77 80 100 110 120 130 1AC22 0,13 14 15 35 75 %6 116
CHDPL Upper 042 280 390 260 520 B0G 660 IMC24 g 0 o a o I 0
CHODPZ 161 30 80 96 110 110 12 PaCTaZ 0.19 11 15 3z 75 95 110
oP3 0,14 12 32 45 ) 72 75 ACT34 0.34 14 15 36 80 it 130
EX. 4 0.98 27 a1 ) 130 150 170 ACOA0 0.21 92 120 140 160 180 00
EX_S/6 $.15 14 15 a5 75 86 110 JCO52 6.6 80 710 870 1600 2000 2400
EX 8 0.67 52 100 130 140 150 150 INCOS3 6.06 480 700 a78 1660 2000 2400
EX & !_{.13 3.2 13 21 44 59 74 IMCHS4 6.4 480 720 1000 1700 2100 500
Falfax 144 180 210 220 240 250 760 IMCES5 6.6) 530 760 1000 1700 2160 2600
HCO10 0.27 100 140 360 120 200 230 IMCOS8 7.27 550 830 1108 1800 2200 2800
JLO032 24.26 1900 2460 3008 40006 4500 5300 JNC0E0 0,18 85 118 136 150 170 190
Hon3s 14.53 1900 2500 3100 4100 4850 5500 IMCO70 0.36 86 110 130 170 200 130
B35 15.13 2000 3602 3200 4300 5000 5700 JMICORD 0.67 726 300 350 390 450 )
HCO50 ao7 36 a7 5 61 70 78 IMCOS0 0,98 27 a1 54 130 150 170
Ieo7e 0.2 54 71 B3 53 110 120 MC100 0.11 85 59 69 77 88 97
72 0,44 150 200 230 260 160 230 me1ie 117 150 190 230 250 290 320
JLCD82 1535 2100 2800 3300 45080 5200 6500 IMCEB0 £.14 118 140 160 1BD 210 23N
JLcoss 16 22 2200 2500 3500 4800 5500 6300 IMCI40 007 ) 79 53 100 120 130
JLCI00 16,37 2200 3000 3600 4800 5600 6400 IMCIS0 0.67 16 271 75 28 12 35
AL1I0 0.17 L) 38 45 50 57 62 IMCIR2 014 7a 57 110 130 150 150
FYnt?) 16.54 2300 3000 3600 4300 500 6400 IMCI64 033 120 160 180 200 230 260
1C124 16.65 2300 3000 3600 4900 5700 6500 IMC172 871 680 1000 1200 2000 Z500 3100
JLCLE 16.95 7300 3160 3700 5000 5500 5600 Y=y £.55 50 1000 1300 2100 2500 3100
HC130 0.05 34 44 52 1 5% 73 INC176 318 740 1100 1300 2100 7600 3200
HC140 0.5 81 110 120 140 160 180 MACTTE 8.46 750 1100 1300 2200 2600 3300
G150 17.37 2300 3100 3500 5100 5900 8O INCIBD 071 130 170 200 220 750 280
NCTr 0.4 150 330 380 430 500 550 IMCLSE 038 190 B0 300 330 AED 420
JRC180 0.58 400 530 620 690 730 870 IMCZo0 0.15 &7 £ 100 120 130 150
JEC150 .83 540 710 B30 530 1100 1200 IMC218 0.09 51 G 75 85 100 130
ILZ00 111 510 00 340 1100 1200 1300 WACZ22 0.53 260 340 400 450 510 560
JLC2E2 18.48 2500 3400 4000 5500 6400 7300 IMC24 2.62 310 414 430 530 610 670
JLC214 18.83 2500 3400 4100 5760 £500 7500 1RAC225 .06 56 74 86 57 110 136
U220 0.17 170 160 180 210 240 260 IMC226 0.55 450 E00 650 770 B80 970
1MC242 10,41 220 1300 1600 2300 2700 3560
IMC244 10.47 350 1300 1600 2300 2700 1500
IMC246 10.85 1000 1500 1700 1300 2BD0 3600

Appendix A: Hydrologic Analysis
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2435 Research Parkway, Suite 300
Colorado Springs, Colorado 80920
Phone: 719.575.0100

Fax: 719.575.0208
matrixdesiangroup.com

MEMORANDUM

Date:  August 3, 2017
To: Adam Copper, P.E,, City of Colorado Springs, Project Manager
From: Dan Bare, P.E, Drake [Gdwig, E.I, Thomas Donahue, El, Matrix Design Group -

RE: Cottonwood Creek DBPS - Evaluation of PR-2 (Tutt Pond) IGA Detention Facility DRAFT

T

e

Introduction

As a component of the Cottonwood Creek Drainage Basin Planning Study (DBPS) the City of Colorado
Springs (City) requested that Matrix Design Group (Matrix} evaluate several Inter-Governmental
Agreement {IGA) Detention Projects within the Cottonwood Creek basin. The IGA detention projects
were evaluated for their cost and performance. This memorandum summarizes the process and results
of said evaluation for the PR-2 (Tutt Pond) IGA Detention Facility {Facility) located on the main stem of
Cottonwood Creek, east of Powers Boulevard, at the proposed extension of Tutt Boulevard across

SR et i Pt i

: ey ]
Figure 1. Project Location

mairixdesignaroun.com



Cottonwood Creek DBPS - Evaluation of PR-2 (Tutt Pond) IGA Detention Facility
August 3, 2017

The Facility was evaluated using the detailed hydrologic model representing the greater Cottonwood
Creek basin, developed for the DBPS currently in progress. The site was evaluated for two possible cases.
The first case is based on the storage created upstream of the proposed Tutt Boulevard extension
without increasing the storage volume by excavation. The roadway profile for the proposed extension
provided by the City was used fo set the maximum storage available. The second case is based on the
additional storage that could be created by excavating the sides of the proposed detention facility. Both
cases considered the proposed water quality facility that is planned to treat runoff from the Cumbre
Vista development, southeast of the site. Due to the procedures recently formulated by the State
Engineer's office, design criteria for the embankment and emergency spillway may need approval by
that office. The project will need to be submitted to the State Engineer to determine jurisdiction, which
will be based on the size and hazard rating of the facility. Should the facility be determined to beunder
the jurisdiction of the State Engineer, the overtopping design flow {Inflow Design Flood) requirement
will likely be the criteria that will most affect the design of the facility and its cost. For the purposes of
this evaluation it was assumed that the facility would be designed to comply with City criteria which
requires that the emergency spillway be designed to safely pass the 100-year peak inflow.

The following sections summarize the evaluation process and the results of the evaluation.
Hydrology

Using the US Army Corps of Engineers {USACE) Hydrologic Engineering Center - Hydrologic Modeling
System 4.2.1 (HEC-HMS), a hydrologic model for the Cottonwood Creek basin was created for the DBPS.
As outlined in the City's Drainage Criteria Manual {DCM), the Natural Resources Conservation Service
(NRCS) Curve Number Loss and Dimensioniess Unit Hydrograph Method was used to estimate design
tlows and volumes. Some of the input parameters used in the model! are based upon datasets that have
been updated since the publication of the DCM in 2014, such as the National Oceanic and Atmospheric
Administration (NOAA) Atlas 14 data. A detailed discussion of the procedures used in the development
of the DBPS hydrologic model can be found in Section 3 of the DRAFT Cottonwood Creek DBPS report
{June 2017) under review by the City and provided separately.

The Facility was evaluated using future, full build-out, hydrologic conditions to develop flood
hydrographs for the 2-year and 100-year storm events. The watershed area for the cantributing basin
is approximately 6.0 square miles, about 16% of which is impervious. Evaluation of the facility assumed
that upstream detention would be implemented with future development in the Wolif Ranch
development project, but did not include detention in the future El Paso County developments The

hydrologic analysis completed as part of thé DBPS indicated that the 24-hour event stoffiy eventwas™

dominant {produced the greatest peak flows) and thus was used for the evaluation of the Facility.

Site Conditions and Design

The City currently owns the parcel on which the Facility is to be located. The conceptual layout of the
Facility was located just upstream of the proposed extension of Tutt Boulevard crossing to use the
roadway embankment as an emergency spillway.

The size of the upstream drainage basin, the expected sediment load, and no need for water quality
treatment precluded the use of a full-spectrum pond configuration. Therefore, a conventional outlet
culvert was used in the evaluations. Two cases for the pond configuration were evaluated.

matrixdesigngroup.com Page 2



Cottonwood Creek DBPS - Evaluation of PR-2 (Tutt Pond) IGA Detention Facility
August 3, 2017

{ase 1

This case was created to consider the cost and performance of the pond using only the proposed Tutt
Boulevard extension embankment to create the detention storage volume. No excavation of the side
slopes adjacent to Cottonwood Creek is proposed to increase the available storage volume. The 9'x7’
outlet culvert will extend under the proposed Tutt Boulevard extension and the emergency spillway will
discharge over the proposed Tutt Boulevard roadway embankment. The storage available for this case
accounts for the proposed Cumbre Vista water quality treatment facility to be located in the easterly
portion of the site. Figure 2 shows a schematic of the Case 1 facility.

Case 2

This case was created to consider the cost and performance of the pond by increasing the storage
upstream of the proposed Tutt Boulevard extension embankment with the excavation of slopres
adjacent to Cottonwood Creek. The same type of outlet culvert as proposed in Case 1 is proposed in
Case 2. The storage available for this case accounts for the proposed Cumbre Vista water quality
treatment facility to be located in the easterly portion of the site, Figure 3 shows a schematic of the Case
2 facility.

Cost Analysis

A conceptual cost analysis was completed for the two Facility configurations described above. The costs
estimated are based upon unit costs collected during the completion of the Monument Creek
Restoration Master Plan project and will also be used for cost estimates included in the Cottonwood
Creek DBPS. Table 1 summarizes the estimated project costs for the Facility for Cases 1 and 2. No land
acquisition costs are anticipated since the parcel is owned by the City.

Table 1. PR-2 Detention Facility Cost Estimates

Item Case i Case 2
{without exc.) (with exc.}
Construction Subtotal $2,078,000 $3,243,000
Construction Contingency (25%) $520,000 $487,000
Engineering {15%) $312,000 $811,000
Total 52,910,000 $4,541,000

Construction costs include;
+ Mobilization/demohilization
« Dewatering
s Excavation/embankment/haul
» Channel stabilization
o Outlet structure
* Emergency spillway
¢ Access road
+ Sediment and erosion control
¢ Top soil and revegetation

matrixdesigngroup.com Page 3



Cottonwood Creek DBPS - Evaluation of PR-2 {Tutt Pond) IGA Detention Facility
August 3, 2017

Roadway associated improvements and utilities required to complete the Tutt Boulevard extension
were not included in the cost estimates. Additionally, if the Facility is required to be reviewed and
approved by the State Engineer, the estimated costs can be expected to increase.
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Cottonwood Creek DBPS - Evaluation of PR-2 (Tutt Pond) IGA Detention Facility
August 3, 2017
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Performance Evaluation

The performance of the Facility was evaluated by integrating the two conceptual layouts into the
aforementioned hydrologic madel and routing the input hydrographs through the Facility. The peak
flows downstream of the Facility were then compared to the peak inflows for both a high- (2-Year) and
madrindzsigngroup.com Page 3



Cottonwood Creek DBPS - Evaluation of PR-2 (Tutt Pond) IGA Detention Facility
August 3, 2017

low-frequency (100-Year) runoff event to determine the effectiveness of each case. Table 2 summarizes
the resuits of the evaluation.

Table 2. PR-2 Detention Facility Performance Summary

Reduction in Max. :
Peak Inflow | Peak Outflow Peak Inflow Elevation | Max. Storage
Configuration {cfs) {cfs) (%) {ft) (ac-ft)
Runoff Event: 2-Year, 24-Hour
Case 1 327 327 0% 6,861.7 0.5
Case 2 327 325 1% 6,861.7 7.5
Runoff Event: 100-Year, 24-Hour

Case 1 1949 1709 12% 6,887.5 55.8
Case 2 1949 1667 15% 6,886.3 85.6

With the embankment height and storage volume available the outlet structure requiredisa 9 x7 box
culvert for each case.

Due to the limited reduction achieved by the two cases evaluated a third case could be considered. By
reducing the size of the outlet culvert and providing an overflow structure to pass most of the 100-year
inflow a more significant reduction in the 2-year flood event could be achieved. However, since the
inflow to the 2-year flood event is only 327 cfs even a 50% reduction would result in a limited overall
fowering of downstream flood flows. This option could be considered further during the final design
phase of the project,

Surmnmary

The proposed detention facility (PR-2) was evaluated considering two cases for providing flood control
storage. Fach case was evaluated for cost and performance. Case 1 considered a facility based on the
storage created by the embankment of the proposed Tutt Boulevard extension only and Case 2
considered a facility based on the additional storage created by excavation of the upstream slopes
adjacent to Cottonwood Creek. For purposes of these evaluations it was assumed that the facilities
would be designed based on City criteria and not to comply with State Engineer criteria.

At a cost of about $2.91 million Case 1 will provide a peak flood flow reduction of about 0% for the 24-
hour, 2-year storm event and about 12% for the 24-hour, 100-year storm event. Ata total cost of about
$4.54 million Case 2 will provide a peak flood flow reduction of about 1% for the 24-hour, 2-year storm
event and about 15% for the 24-hour, 100-year storm event.

The analyses summarized in this memorandum are based on limited site information and conceptual
designs. A more detailed analysis of the site conditions may require adjustment to the estimated costs
and performance results.
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Cottonwood Creek DBPS - Future Condtions - NOAA Atlas 2 - Type Il Design Storm - 0.2 ia

(Future conditions includes planned detention ponds in Wolf Ranch)

24-Hour Inflow Hydrographs fo PR-2 Pond [cfs]

Date Time 2-Year 5-Year | 10-Year | 25-Year | 50-Year i 100-Year | 500-Year
1-Jan-00 0:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-Jan-00 0:15 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1-Jan-00 0:30 0.3 0.4 0.5 0.6 0.8 0.9 11
1-Jan-00 0:45 1.5 2.0 2.3 3.0 3.4 3.8 4.8
1-Jan-00 1:00 2.2 2.9 3.5 4.6 5.1 5.6 6.9
1-Jan-00 1:15 2.7 3.6 4.3 5.5 6.2 7.0 8.9
1-Jan-00 1:30 3.2 4.3 5.0 6.8 7.7 8.8 111
1-jan-00 1:45 3.7 4.9 5.9 8.2 9.3 10.4 12.9
1-Jan-00 2:00 4.2 5.7 7.0 9.4 10.5 11.7 14.4
1-Jan-00 2:15 4.7 6.5 7.8 10.3 11.5 12.7 15.6
1-Jan-00 2:30 5.2 7.2 8.5 111 12.3 13.5 16.4
1-Jan-00 2:45 5.7 7.7 9.1 11.7 12.9 14.1 17.3
1-Jan-00 3.00 6.2 8.2 9.6 12.2 13.4 14.6 18.2
1-1an-00 3:15 6.5 8.6 10.0 12.5 13.8 15.2 18.9
1-lan-00 3:30 6.8 8.9 10.3 12.9 14.3 15.8 18.5
1-Jan-00 3:45 7.1 9.2 10.6 13.2 14.8 16.3 20.1
1-Jan-00 4:00 7.4 9.6 11.0 13.9 15.5 17.1 21.0
1-Jan-00 4:15 8.0 10.3 11.8 15.1 16.8 18.5 22.7
1-Jan-00 4:30 8.4 10.8 12.3 15.9 17.7 19.4 23.9
1-Jan-00 4:45 8.7 11.1 12.8 16.6 18.4 20.3 25.0
1-jan-00 5:00 8.6 10.9 12.7 16.4 18.2 20.1 24.8
1-Jan-00 5:15 8.1 10.3 12.3 16.0 17.9 15.8 24.6
1-Jan-00 5:30 10.0 13.0 15.3 19.8 22.1 24.4 30.0
1-Jan-00 5:45 10.0 13.1 15.4 19.7 21.9 24.0 29.4
1-Jan-00 6:00 3.9 13.2 15.4 19.6 21.9 24.2 29.7
1-Jan-00 6:15 10.2 13.6 15.8 20.5 22.9 25.2 31.0
1-jan-00 6:30 10.8 14.4 16.9 21.8 24.3 26.9 33.2
1-Jan-00 6:45 11.2 15.2 17.7 22.9 25.6 28.1 345
1-Jan-00 7.00 11.7 15.7 18.3 23.7 26.3 25.0 358
1-Jan-00 7:15 12.3 16.1 19.0 24.4 27.1 25.8 37.2
1-Jan-00 7:30 12.6 16.6 15.5 25.1 27.9 30.7 384
1-Jan-00 7:45 12.8 17.2 20.0 25.8 28.7 31.6 39.3
1-Jan-00 8.00 13.2 17.6 20.6 26.5 29.4 32.3 40.2
1-jan-00 8:15 13.7 18.1 21.2 27.3 30.3 33.3 413
1-Jan-00 8:30 14.5 19.2 22.5 28.8 31.9 35.1 43.5
1-)an-00 8:45 154 20.4 23.8 30.5 33.8 37.4 46.3
1-Jan-00 5:00 16.0 213 24.8 31.7 352 39.4 48.5
1-Jan-00 9:15 16.7 22.1 25.8 33.1 37.2 41.4 511
1-lan-00 9:30 17.6 23.3 27.2 35.1 39.7 44.1 715
1-Jan-00 9:45 18.4 24.5 28.6 37.4 42.2 46.7 96.1
1-Jan-00 10:00 19.5 26.0 304 40.1 44.9 49.6 104.2
1-Jan-00 10:15 20.5 27.3 32.0 42.4 47 .4 52.3 110.7




HNOROek et F_, ‘
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1-lan-00 10:30 21.9 28.2 34.2 455 50.8 753 1184
1-Jan-00 10:45 24.0 32.0 37.9 5041 55.8 103.0 132.2
1-Jan-00 11:00 26.8 35.8 43.0 56.3 96.1 121.7 156.3
1-jan-00 11:15 30.3 41.0 49.0 66.2 128.7 144.6 191.6
1-Jan-00 11:30 34.3 47.3 56.1 131.1 155.0 173.5 238.8
1-Jan-00 11:45 47.4 65.4 77.6 184.4 211.3 243.3 349.3
1-Jan-00 12:00 102.4 140.1 234.8 404.2 482.8 5757 340.8
i-Jan-00 12:15 181.0 50G.3 662.4 944.0 1107.9 1296.5 1958.1
i-Jan-00 12:30 475.3 £89.4 850.8 1391.9 1743.3 2379.2 3576.1
1-ian-00 12:45 440.1 687.8 970.7 1580.5 1944.7 2246.9 3263.0
1-Jan-00 13:00 3429 629.9 850.9 1455.3 1759.9 2105.9 2800.7
1-Jan-00 13:15 273.4 476.4 688.7 1192.5 1464.7 1708.2 2304.0
1-fan-00 13:30 223.2 386.7 544.9 952.0 1169.9 1370.0 1852.4
1-Jan-00 13:45 186.8 323.2 451.6 753.3 934.9 1108.1 1508.8
1-Jan-00 14:00 157.4 277.0 3845 623.8 751.8 896.6 1247.9
1-ian-00 14:15 135.0 240.6 330.9 526.4 628.9 741.1 1045.7
1-Jan-00 14:30 118.1 211.6 288.5 452.7 538.3 631.1 886.0
1-jan-00 14:45 104.9 188.1 2545 394.8 4675 546.1 768.8
1-Jan-00 15:00 93.8 1684 226.2 347.5 410.4 478.0 680.5
1-Jan-00 15:15 84.6 152.2 202.6 310.0 365.5 424.8 612.2
1i-Jan-08 15:30 77.7 1354 185.0 281.6 331.7 385.0 553.7
1-Jjan-00 15:45 72.2 128.9 170.5 258.8 304.7 353.3 502.1
1-}an-00 16:00 67.5 120.0 158.4 2349.8 282.4 3271 453.9
i-Jan-00 16:15 63.7 112.8 148.6 225.2 265.4 307.4 4284
1-lan-00 16:30 61.0 107.6 141.7 2149 253.2 2831 405.1
1-Jan-00 16:45 59.0 103.7 136.6 206.9 243.8 282.2 387.8
1-fan-00 17:00 56.8 99.8 131.2 198.9 234.6 271.6 373
1-tan-00 17:15 54.7 95.8 125.8 191.0 225.2 260.5 354.2
1-Jan-00 17:30 52.6 92.3 121.2 183.8 216.7 250.6 3385
1-1an-00 1745 51.3 89.8 117.7 1784 210.1 2427 327.3
1-Jan-00 18:00 50.3 87.7 134.8 173.4 204.1 2356 317.0
1-Jan-00 18:15 43.8 84.9 110.9 167.2 196.8 227.3 305.1
1-Jan-00 18:30 47.0 81.5 106.3 160.3 188.6 2176 291.1
1-kan-00 iR:45 45.2 78.3 102.2 153.7 180.8 208.5 2784
1-kan-00 19:00 440 75.9 99.0 148.6 174.5 201.0 2676
1-Jan-00 19:15 43.2 74.1 96.5 144.1 169.2 194.8 2551
i-Jan-00 19:30 42.4 72.5 94.2 140.6 165.2 190.4 2534
1-Jan-00 19:45 419 71.2 92.4 138.3 162.5 187.5 249.9
i-jan-00 20:00 41.3 69.8 90.9 136.3 160.3 185.0 246.8
1-3an-00 20:15 40.1 67.8 88.4 132.6 156.0 180.1 240.0
1-ian-00 20:30 38.5 65.2 85.1 127.5 145.9 172.8 2295
1Jan00 | 20:45 371 62.7 818 1222 | 1435 | 1652 | 2191
1-Jan-00 21:00 36.8 60.8 78.1 117.8 138.0 158.7 209.6
1-Jan-00 21:15 36.3 59.2 76.8 113.8 133.0 i52.7 2016
1Jan00 | 21:30 35.7 58.0 747 1104 | 1289 | 1482 | 1%.0
1-Jan-00 21:45 35.2 56.8 72.8 107.5 126.2 145.2 1923
1Jan00 | 22:00 34.7 55.8 714 1062 | 1243 | 1431 | 1900




1-jan-00 22:15 34.3 55.0 70.5 105.0 123.1 141.9 188.7
I-Jan-00 22:30 33.9 54.5 69.9 104.4 122.5 141.2 188.0
1-lan-00 22:45 33.6 54.2 69.5 104.0 122.1 140.9 1877
1-Jan-00 23:00 334 54.0 69.2 103.8 122.0 140.7 187.5
1-Jan-00 23:15 33.2 53.8 69.2 103.8 122.0 140.7 187.5
1-Jan-00 23:30 33.2 53.8 69.2 103.8 122.0 140.7 187.5
1-Jan-00 23:45 33.1 53.8 65.2 103.9 122.1 140.8 187.6
2-Jan-00 0:00 327 53.2 68.4 102.6 1204 138.8 184.7
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APPENDIXD

MAJOR DRAINAGEWAY HYDRAULIC CALCULATIONS
CONDITIONAL LETTER OF MAP REVISION CASE NO. 18-18-1091P

17043 fdr Kiowa Engineering Corporation
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Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: O cfs
Design Flow: 1950 cfs
Maximum Flow: 2500 cfs



Table 1 - Summary of Culvert Flows at Crossing: Crossing 1

Headwater Elevation

Culvert 1 Discharge

Roadway Discharge

() Total Discharge (cfs) (cfs) (cfs) lterations
6858.00 0.00 0.00 0.00 1
6861.55 250.00 250.00 0.00 1
6863.63 500.60 500.00 0.00 1
6865.41 750.00 750.00 0.00 ]
6867.16 1000.00 1000.00 0.00 1
£6869.08 1250.00 1250.00 0.00 1
6871.30 1500.00 150000 0.00 1
6873.92 1750.00 1750.00 0.00 1
6876.32 1950.00 1850.00 0.00 1
6880.45 2250.00 2250.00 0.00 1
6884.60 2500.00 2500.00 0.00 1
6892.00 2880.34 2880.34 0.00 QOveriopping




Rating Curve Plot for Crossing: Crossing 1

Total Rating Curve

Crossing: Crossing 1
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Table 2 - Culvert Summary Table: Culvert 1

DisTcT':fge Dics:::’ilvae rr;e HET::;?;: ' C]onr?te:o! g;ﬁtﬁ:l Flow Normal Criticat Outiet Taitwater V%Lr:::tly 'ifae“ggitt‘;r
(cfs) (efs) ") Depth () | Depth (1) Type | Depih(ft) { Depth(t} | Depth{fty | Depth () {fs) (f's)
0.00 0.00 685800 0.000 0.000 O-NF 0.000 0.000 0.000 0.000 0,000 02.000
250.00 250,00 6851.55 3,545 00" 1-52n 0.844 2.147 0.886 1.573 19.940 6047
500.00 500.00 6863.63 5629 0.0 1-32n 1.311 3.409 1.422 2.295 25113 7466
750.00 750.00 6865.41 7.410 0.0* 1-82n 1.705 4,467 1.924 2.845 27.846 8.402
1000,00 | 1000.00 6867.16 9.161 a.0* 5-82n 2.061 5411 2.406 3.302 29.682 AR
1256.00 | 125000 6869.08 11,081 0.0* 5-52n 2390 6.279 2874 3.701 31.064 9.705
160000 | 1500.00 6871.30 13.304 0.0° 5-82n 2.703 7.081 3.330 4,057 32173 10.206
175000 § 1750.00 6673.92 15.816 1.2681 5-S2n 3.001 7.858 3,776 4.381 33108 10645
1850.00 | 1950.00 6B876.32 18.316 3.104 5-52n 3.233 8.000 4123 4.622 33.782 10962
2250.00 § 2350.00 GB80.45 22.451 6.120 5.82n 3.569 8.000 4615 4,958 34.821 11.394
250000 | 2500.00 6884.60 26.600 £.964 5-82n 3.842 §.000 4.596 5.218 35.740 11720

¥ Fop WoHL | REC-BES MOVEL USES Fog LPLY
SURENRCE ELRNARTL ) -




* Fult Flow Headwater elevation is below inlet invert.

PrTaT Yy

Straight Culvert
Intet Elevation (inveri); 6858.00 ft,  Cullet Elevation (invert). 6844.00 ft
Culvert Length: 361.27 i,  Cufvert Slope: 0.0388

* LTI



Culvert Performance Curve Plot: Cuivert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Piot for Culvert: Culvert 4

Crossing - Crossing 1, Design Discharge - 1950.0 cfs
Culvert - Culvert 1. Culvert Discharge - 1950.0 ¢fs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station:  718.00 ft
Inlet Elevation: 6858.00 ft
Cutlet Station: 357.00 ft
Outlet Elevation: 6844.00 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box
Barrel Span: 14.00 1t
Barrel Rise: 8.00 ft
Barrel Material: Concrete
Embedment: 0.00in
Barrel Manning's n:  0.0120
Culvert Type: Straight
inlet Configuration: Square Edge (90°%) Headwalt

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: Crossing 1)

Flow (cfs) WatEel;f t:gace Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number

0.00 6844.00 0.00 0.00 0.00 0.00
250.00 6845.57 1.57 6.05 1.47 .95
500.00 6846.30 2.30 7.47 2.15 1.00
750.00 65846.84 2.84 8.40 2.66 1.02
1000.00 6847.30 2.30 9.12 3.09 1.05
1250.00 68847.70 3.70 9.70 3.46 1.08
1500.00 6848.06 4.06 10.21 3.80 1.07
1750.00 £848,38 4.38 10.64 4.10 1.09
1950.00 6848.62 4.62 10.96 4.33 1.09
2250.00 £848.96 4.96 11.39 4.64 1.10
2500.00 6849.22 522 11.72 4.88 1.11

Tailwater Channel Data - Crossing 1
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 20.00 #
Side Slope (H:V):  4.00{_:1)
Channel Siope: 0.0150
Channel Manning's n;  0.0350
Channel Invert Elevation: 6844.00 ft

Roadway Data for Crossing: Crossing 1
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 200.00 ft
Crest Elevation:  6892.00 ft
Roadway Surface: Paved
Roadway Top Width: 90.00 ft
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City of Colorado Springs
Cottonwoood Creek PR 2 Stormwater Detention Basin Final Design
Volume Calcufation

Area Area Avg. Incremental Cumulative
Stage  Elevation sq. ft. Acres Area  Increment Volume Volume
0 58 O 0.00
0.05 2 0.11 0.11
2 60 4,582 0.11
0.15 2 0.30 0.40
4 62 8,300 0.18
0.31 2 0.61 1.01
6 64 18,444 0.42
0.49 2 0.9¢ 2.00
8 66 24519 0.56
0.76 2 1.52 3.53
10 68 41871 0.96
1.13 2 2.26 578
12 70 56630 1.30
1.48 2 2.97 8.75
14 72 72788 1.67
1.89 2 3.78 12.54
16 74 92028 211
2.33 2 4.66 17.20
18 78 114103 255
2.91 2 5.83 23.03
20 78 142697 3.28
3.56 2 7.12 30.15
22 80 167435 3.84
) 4.03 2 8.06 38.20
24 82 183599 4.21
) 4.53 2 9.06 47.26
26 84 210893 4.84
’ 5.01 2 10.02 57.28
28 86 225683 518
' 5.37 2 10.73 68.01
28 88 241734 5.55
) 5,79 2 11.58 79.59
28 90 262644 6.03
) 6.28 2 12.55 92.14
28 a2 284080 6.52

Kiowa Engineering Corporation
Project No. 13064



Ad, BARS® 1'-6" MAX,

244" CLEAR WHEN

FRL HEIGHT 5 £ 2'-0°

{FYP.} TOP AND BOTIOM OF
TOP AND BOTTOM SLABS (CONT.)

dy BAR TYPICAL
STIRRUPS
@ 1-0

P

2" (TYP.)

/

I =9

”

HEGHT

7 .
t‘z@ﬁ“ t1@5

o P

by & 6

1@ 5"

OPTIONAL CONSTRUCTION-1 |
JOINT (TYP)

|-

T

a

.

TEN

2

1'-0"

L = LENGTH OF
CONCRETE BOX CULVERT

FNISHED -

Y

& 7 {CONT)

e
<& t

L

{6 TOTAL)

¥ n *‘
E’&pﬁ% 1&((?5 W - \%\\

r

T

OF ALL WALLS {CONT.)

e,

#4 BY 2'~0" © 1'-5" WHEN

=

T

QUTLET END (PROJECTED OUT 1

S

7

AN APRON IS REQUIRED ON THE
0_0")

kTOF‘ SLAB

REINFORCING

7 (CONT) (3 TOTAL)

WIOTH
SECTION B-—-B

/hORtg

3'-0" MiN

o

OR AS SPECIFIED
ON THE PLANS L w

(c%gr.)\ -

A

i

/

s [\

y

]

u—{T}

|

ar

Z BARS

CULVERT ¢ HEA%@[‘E SKEW

REINFORCING PLAN

3 EA
@ EAC

. SAME SIZE AS-Z BAR

SECTION C~—C

BAR
SIZE (£)
4

H END OF HEADWALL

o3|

Vi+1'-0"

I o
-

7-11

HEADWALL CORNER REINFORCING DETAIL

MIN. LAP SPLIGE
LENGTH (TYP.)

J BARS
& TOTAL

J BARS
6 TOTAL

BOTTOM SiAB
REINFORCING
(TYP.)

SIAGE 1

STAGE 2 ;
NOT TO SCALE

CONSTRUCTION JOINT DETAIL FOR STAGED CONSTRUCTION

S—
3 CiEAR\ BOTTOM SLAR

REINFORCING

— #4 f@ 10"

SECTION A-A

TOP SLAB
REINFORCING
(TP

SPAN

J BAR
{F1.) | SIZE (H

& 5

8

10

12

4

16

I [0~

18

20

NOTE: THIS DETAIL 1S FOR CONSTRUCTION JOINTS PERPEMDICULAR TO THE

¢ OF THE BOX ONLY.

GENERAL NOTES
ALL CONCRETE SHALL BE CLASS D {BOX CULVERT).

ALl CONSTRUCTION JOINIS SHALL BE THOROUGHLY CLEANED BEFORE FRESH
CONCRETE IS PLACED. -

CONSTRUCTION JOINTS NOT SHOWN ON THE PLANS MAY BE CONSTRUCTED
ONLY IF APPROVED BY THE ENGINEER.

4. THE CONTRACTOR SHALL MAINTAIN THE STABILITY GF THE STRUCTURE DURING CCNSTRUCTIGN.

STIRUCTURE EXCAVATION AND BACKFILL SHALL BE IN ACCORDANCE WITH
STANDARD PLAN M-206-1.

FOR ANY CULVERT SPAN 20 FI. OR CREATER, A FOUNDATION INVESTIGATION
AND REPCRT ARE REQUIRED.

BACKFILL SHALL NOT BEGIN UNTIL TOP SLAB HAS REACHED DESIGN STRENGTH, fc.
SPLICE QUANTITIES FOR LONGITUDINAL AND TRANSVERSE BARS ARE NOT INCLUGED.

9. REWFORCING STEEL SHALL BE GRADE 60.

THE MINIMUM LAP SPLICE LENGTH FOR EPOXY COATED REINFORCING BARS SHAL BE:
BAR SIZE: [T i5 6 7 Ig s | fio

SPLICE LENGTH: -3 -6 [t 227 | 3-8t ) A A
THE MINIMUM LAP SPLICE LENGTH FOR BLACK REINFORCING BARS SHALL BE:
BAR SIZE: i 5 is #7 s #g

SPLICE LENGTH: - P-4 - -t - 3
ALL DIMENSIONS ARE PERPENDICULAR TO THE CENTERUIME OF THE BOX.

WINGWALLS SHALL BE TIED TO CONCRETE BOX CULVERT N ACCORDANCE WITH
STANDARD PLAN M-801-20.

ALL TRANSVERSE REINFORCING SHALL BE NORMAL TO THE CENTERLINE OF THE 80X.
FiLL HEIGHT IS THE DISTANCE MEASURED FROM TGP OF TOP SLAB TO TOP OF PAVEMENT.
ALL EXPOSED CONCRETE CORNERS SHALL BE CHAMFERED 34 N,

WHEN THE FILL HEIGHT IS LESS THAN OR EQUAL TO 2 FT., THE SPACING
OF THE dy BARS IN THE SOTTOM OF THE TOP SLAB SHALL BE 6 IN. OR
LESS, USE THE FOLEOWING EQUATION TO CALCURATE THE ADDITIONAL
REINFORCING QUANTIFY. WHERE S IS IN FEET:

ADDED REINFORCING, LBS./UN FT. = (% ~ -5 x 0.668 = 0891 S

DESIGN DATA: 16TH EDITION OF THE AASHTO STANDARD
SPECIFICATIONS FOR HIGHWAY BRIDGES

SERVICE LOAD DESIGMN METHOD

UNIT STRESSES: fs = 24,000 psi.,
fe = 1,800 psi,
n=4§

1
S

7o
y-11"

#1
4'--10"

fy = 60,000 psi,
fe = 4,500 psi,

[T 1]

LOADING DAFA:
LIVE LOAD = AASHTO, HS 20-44 AND ALTERNATE MILITARY LOQADING

DEAD LOAD CASE 1: VERTICAL EARTH LOAD = 120 LBS./CU. FT.
HORIZONTAL EARTH LOAD = 30 LBS./CU.FT.

DEAD LOAD CASE 2: VERTICAL EARTH LOAD = 120 LBS./CU. FT.
HORIZONTAL £ARTH LOAD = B0 LBS./CU. FT.

FUTURE HMA OVERLAY = 48 LBS./S0. F1. BASED ON 4 IN. THICKNESS
LWVE LOAD SURCHARGE ON EXTERIOR WALLS = 2 FT. OF EARTH

IF HEADWALL MOUNT GUARDRAR, 1S USED (SEE STANDARD PLAN M-606-1, SHET 18):
~ ALL REINFORCING STEEL SHALL BE ACCORDING 7O THIS BOX CULVERT FLAN.

— ANY ADDHONAL STIRRUP LENGTH WILL NOT BE MEASURED AND PAID FOR
SEPARATELY BUT SHALL BE INCLUDED IN THE WORK.

- HEADWALL DIMENSION AND CONCRETE GUANTHY
SHALL 8E ACCORDING TO STANDARD PLAN M—-606-1, SHEET 16.

~ POST ANCHORS SHALL BE PROVIDED ACCORDING TO
STANDARD PLAN M~606-1, SHEEF 16.

— POST ANCHORS AND CONCREFE FOR HEADWALL MOUNT
OF GUARDRAIL WL NOT BE MEASURED AND PAIR
FOR SEPARATELY BUT SHALL BE INCLUDED IN THE WORK.

— POST ANCHORS WHEN REQUIRED AND ENCASED IN HEADWALL CONCRETE,
SHALL CONFORM TO ASIM A 36 OR AASHTO M 169 STEEL.
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SINGLE _CONCRETE BOX CULVERT DIMENSIONS & QUANTITIES (EXCLUDING HEADWALLS & TOEWALLS)

BOX SIZE Hglf;ll_-ﬁ SLAR & WALL DIMENSIONS QUANTTES
S [ R | HT, | WiDTH | ALLOWED |THICKNESS (INCHES) h ho | vy vy | v3 CONCRETE | REBAR STL. ' .
FI | FE JFT.~IN[FF.—IN.| FT.—FT. Ts | Ty # FE N FE =N | FT.—IN. | FY.—INL [ FT.—IN. CULYDS, /LINFT, LBS./LINFT. HEADWALL AND TOEWALL QUANT]"”ES
3~5 -8 i0TC 10} 8 ] 2-7 2-11 78 2-3 2-3 0.834 153
& 7 8-7 7—8 [>t0 T0 5] 851105 2~7 31 -8 2-4 24 0.882 154 ° o o
B8-10 | 7-8 |515 10 20[ 16 1120 2.7 |33 [ 7-8 | 2=6 5% 0.953 156 HEADWALL SKEW ANGLE 74° 10 EZEW 58° 10 ﬁEBAR
7-7.5] 9-8 [0 10 701 5 1365 3% {2-10 1 67 | 5= 1 2-% 0857 184 z QUANT. | ¥ [STIRRUPS | aiian.
6 [ 7=11] 6-8 |>i0 70 i5{10.512& 30 [2-70 | 6-8 [ 2-6 | 2-5 057 184 ] BS/UNFT. | #1  #  |LBS./UNFT.
83 9-8 {>15 70 2D]i2.5114.5 3-2 2—-11]6~-10{ 2-8B 2-8 176 207
9-75]| 9-8 10 10 10| 9.0 [10.5 4-5 | 3.8 1 87 [T2_4 | 2-4 1.076 794 4 4 218 4 4 21.3
& | 8 | 9—11] 9~B [>10 16 15110.5]15.5 2-9 1 3-7 | 8-8 1 3.6 1 2-6 1.186 218 4 4 273 5 & 8.0
103 2—8 ©>15 T0 20(12.5{14.5 2-8 3—9 | 8-10 | 2-8 2—-8 1,299 221
M-8 9-8 [0 f0 0] 8 | 71 2-9 | 2~8 [90-7 | 2-10 | 510 T.214 253 3 4 279 7 4 43.2
10 [11-1%] 9-8 I>70 10 15]10.5(12.5 2-9 2-9 i0-8 | 211 | 2-11 1,303 267 5 4 145 8 5 564
123 1 9-11 [>15 & 20l%2.5]14.5 2-11 5-1 j10~101 3 3—1 1.538 282 ' .
6| 4 418 o] s 81.5
7-10.5{11-8 [ 0 1O 10 [1G6.5(12.0 34 -6 68 2~11 | 2§ 1.181 243 6 P 533 = - -
& 83 [11—8 1>10 T0 15{12.5114.5 3-4 2-1116-10 | 3-1% 2-8 1.343 248 .
8-10 | 11-B [>15 10 20|15.5}18.5 3-1 1 2-89 t 721 T35 1374 1.385 244 7 4 67.6 N - #
9-10.5/11-8 |0 T0 16 110.5112.0 3-11 3~5 g8-8 2—11 2~6 1.304 266 7 %9 " - *
0 8 |10~-3.5] 11—8 >i0 10 15| i3 14.5 4—1 3-8 B-1% 3—3 2-8 1.484 282 -
10-8 [ 13~8 [>15 70 70[15.5117.5 326 12111 91 [3-4 977 1.682 280 oN N y X
11-11111-8 [0 TO 0105125 211 4-—6 10-8 § 2—-11 2-6 1.445 270 CONCRETE_ QUANTITY 9.085 Cy YDS'/UN
10 [12-3.5] 11-8 D10 TO 15{12.5145.0 S-4 4—1¢ |10-30| 3-7 3—-3 1.608 354
12—8 11—~11i>15 T0 20]15.0[17.5 3-8 34 Pi-11 3—4 34 1.905 328
7=11113-81 0 70 B [i05[12.5 3—-11] 3-8 58 -4 2-6 1.34 306
8—-4 |13-8 |>B IO 121 13| 18 210§ 2-89 1611 [ 3-7 2=9 1.55 313
6 8-8.5; 13-8 >12 10 16[15.5] 18 3§ 2-9 e 3=5 5=0 1.783 319
9-35%5[13-8 [>16 TDO 20{19.0|20.5 3—6 2-9 75 3-7 32 2.037 341
9-11113-8 | 070 8 [10.5112.5 g=lp9-9 | 88 | 3-4 311 1.464 351 - QUANTIIES ARE PER LINEAR FOOT (OF HEADWALL) FOR ONE HEADWALL AND TOEWALL AND
12 | g Ri0=2 {1328 >8 10 12( 13 | {5 Sz 2-9 L8] 396 | 79 1675 228 INCLUDE ALL HEADWALL AND TOEWALL REINFORCING STEEL. QUANTITY INCLUDED WAS CALCULATED
10-9.5] 13-8 |>12 10 16[15.58] 18 3—§ 2—-10 9—1 3—=5 30 1.807 - 338 FER 1 FE. STRIP. SKEW ANGLE MAY VARY QUANTHIES SHALL BE PAID FOR AS SHOWN ON
11351 13—8 >16 T0 20/18.5] 21 3~6 3~0 9—4 3-8 3~3 2.160 342 < '
12-0113-8 | 070 8 [ 11113 5-3 4-4 | 10~8 ; 3-5 2-7 1.630 360
to pE=doLls-a be 1012113 15 T T e e 8l i . A SKEWED HEADWALL IS NOT RECOMMENDED FOR THESE SPANS. A SPECIAL DESIGN 1S REQUIRED.
13—-2 113-111>16 TO 20/ 18 | 20 44 3=5 |11-4 40 3-7 2.342 396 £0R HEADWALL AND TOEWALL DETALS SEE SHEET 1
/~11.5/15-B | G 10 B 11 31125 4-3 4 65-9 3—4 2~11 1.507 408
B=2 [15-8 |>6 10 8112 114 4=t | 3°4 [B-101 3-6 | 2-8 1.698 388 « WHEN THE FILL HEIGHY IS LESS YHAN OR EQUAL TO 2 ET.~0 IN., ALL REINFORCING 8ARS
6 | B=5 115-8 [>B 10 10/13,5]15.5 ¢ 304 29 T6-11] 357 ["5-9 1.773 368 IN THE HEADWALL, ALL REINFORCING BARS DESIGNATED BY AN ASTERISK (%), AND THE dy
8-9 [15-8 >i0 10 i2115.5{17.5 4-3 {210 % 7—1 39 i 2—11 1.966 421 N THE BARS N THE TOP MAT OF THE TOP StAB SHALL BE EPOXY COATED.
8-4.5115-8 [>12 70 16[19.57 21 3—6 219 | ¥=5 3-8 3=3 2.329 400
9-7.5 ig—g 315%; 6}8 2: 212‘35 2—2‘ 2;111 g~g g—g §~g :12;;2 :»gg - REINFORCING QUANTIRES INCLUDE BOTH EPOXY~COATED AMD UNCOATED BARS.
10—0 { 15— 3] 1 e -~ — - - .
10-2 [ 15-842>6 TO 8112 [ 14 4-2 ; 5-7. 18-10] 3-6_| 3-8 1.751 410 - WHEN AN R (RISE) OF LESS THAN 6 FT. IS REQUIRED, USE THE BAR SIZES AND THE SLAB
15 ] 8 H9aL1s-E 251919 T 34 e i 210 1240 29 AND WALL THICKNESSES FOR THE 6 FT. RISE (F AVALABLE ON THE TABLE).
11-3.5] 15-9 [>12 7O 16l1B.5] 21 3=7 31 9-4 3-8 3-3 2.439 421
=58l 1o Tate 0ol 2 5es T e 3? o 2359 24 . THE SIZE OF d+ BARS IS #4, THE NUMBER OF BARS REQUIRED IS LISTED.
12-0 11548 [ 0.0F0 6 11 113 410 | 4-4 10—89 | 3-5 3-0 1.778 455
12~2.5] 15-R | >E T0 8 | 12 [14.5 4-10 | 4-3 |110-10[ 3-8 2-8 1.899 4328
10 12-5.5] 15-9 1> 10 10114.5] 18 3—4 35 110~11] 381270 2.082 426
12—-9.5] 15-9 >10 10 13]15.5] 18 i 43 3—4 =1t | 3—-16 | 3-0 2.277 438
13-4 [15-10>12 TO 16[18.5{71.5 4—4 o-5 1 11—4 41 3=3 2.634 443
13—-6.5[15-111>18 10 18] 20 |29 5 e — 3~6 |1i~6 | 4=-2 34 2,798 477
8-25117-91 0 T0 6 [12.5] 14 4-7 1 3-11]6=-1a | 3-8 2-8 B4 452
6 {8-55[17~-11}>8 1O B8 [13.5} 16 3~10 g——g 6»—111 g——& g-—g 2.02; gg.‘.’:
8~5 (17-10>8 10 i6l15.5117.5 410 - 7— —9 - 2.2 4
10-35] 178 [ 0 TO 6 [12.51 15 4-7 [ 3-10 [ 8—10 | 3-7 32 2.025 497
18 8 [10-6.5[117—-101>6 TO 8 [14.0 16.5 3-8 34 80 4-2 | 2-10 2.189 522
10—11] 17~9 i>8 TO 10{158.5{18.5 4-—3 3—§ 13—-21 33-—!70 g-—g 2.42;6 gg-‘.
12-4.5117-B | ¢ TQ & |135] 15 4— 4 =1 - had 2.17% 4
10 712-8117-9 [>B 10 8} 15 | 17 43 3—4 11=1j 3—9 | 2-1% 2.401 315
12—-11§ 17-9 [»8 TO 10[16.5{1r5 4-3 3—4 1112 | 3-10 | 53— 2.566 518
10=5 {19111 0 7O & [13.51i5.5 5-2 4-5 8-11 4 32 2.351% S88
8 10~9 [19-101>5 0 7 {155(17.7 4—-10 1 3—-11 91 3-2 | 2-11 2.563 585
18 10 12-6 419-10] O TC' S | 14 | i8 5~1 4-6 [ 11-0 1 3-8 12-16 2.915 598
i2-9[19-11]>5 TO 7 {i585117.56 5-0 4-5 1i—1 [ 3-10 | 2—-11 2.738 597
10-3.5] 220 ] 6 TO 3 [13.5] 15 5-9 92 | B-11 4—1 3-2 2.528 700
8 10-9,5] 22~2 { >3 TO 6 i6 |i7.56 5-5 49 8-2 4-3 211 2.934 546
11-0.5]{ 22-3 | >6 10 8] 17 [18458 5-8 4-7 g—3 45 31 3.173 727
20 e P T RS IRR IR . fos
10 129 | 22-1 >3 10 6 5118 5-8 4-9 11~1 4--4 -0 3.021 751
13-0.5] 221 [>6 1O 8 7 119.5 5-7 4~7 [ 11-3 | 4-5§ 3—1 3.259 792
13--5.51 222 [>B 7O 10{i9.5] 22 51 4-7 | i1-5 4-2 3~4 3,642 728
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Capacity Analysis of Composite Channel

Project: 17043 Cottonwood Detention Basin PR2
“inel ID: Channel design station 9+00 Q100 2380 cfs

. N-left i N-if e N-right N
Left Overbank Area Low Flow Channel Right Overbank Area
1 ] 1
Lff == . 7§J Yob
i
Alternate
Overbank Ya |
Toe Protection ———————»= —
Channel Invert Slope Se=_ 000500 it Left Overbank Bottom Width Bl = 200 %
Lefl Overbank Side Slope L= - 4.00 it
Low Flow Channet Beltom Width Bm= 50,00 Left Cverbank Manning's n n-left = 0.4350
Low Flow Channel Left Side Slope Zi= 7.20 ftH Right Overbank Botlom Widik BR = 2001
L ow Flow Charmnel Right Side Slope Zz= 7240 it Right Qverbank Side Siope ZR= 4.00 fift
Low Flow Channel Manring's 8n for Qd i = 0.0250 Right Overbank Manning's n n-right = 0.0350
|ow Flow Channel Manning's Mo for Q100 f-me Q100 = 00220
(See USDOM Vol. I, nvs. Depth Graph)
Low Flow Channel Bank-full depth Ym= 3.35 ft Overbank Flow Depth Yob {Y - ¥Ym) Yob = 010 f
Low Fiow Channel Condition for Qd Low Flow Channet Flow Condition for Q100
Top width Tif = 98.2 ft Top width Tm= $8.2 1
Flow area Alf= 2483 st Flow area A e 258.1 sqft
Wetled perimeter Plf = 98.7 ft Wetled perimeter Pm = 98,7 it
Gischarge (Calculated) Q¥f = 1.835.6 cfs Discharge Qm = 2,34B.,5 ¢fs
elocity Vif= 7.8 fps Velocity VYm= 9.1 fps
Froude number Frif= 0.86 Froude number Frm= 0.99
(ki Critical Vetocity Vifc = 8.71 fps 100-Yr, Critical Vielocity Vmc= 9.2 fps
Qd Criical Depih Yifc = 308 1 100-Yr, Critical Depth Ymc= 341t
Lett Overbank Flow Condition for Q100 Right Overbank Flow Condition for Q100
Top width TL= 2.4 1t Top width TR = 240
Fiow area AL = 0.2200 sqR  Flowarea AR = 0.2200 sqft
Wetled perimeter PL = 2.4100 1 Walled perimeter PR = 24100 ft
Discharge QL= 0.1 ¢fs Discharge QR= 0.1 ofs
Velocity V= 3.6 fps Velocity VR = 0.6 fps
Froude pumber Friiw 0.36 Froude number FIR= 0,36
100-Yr. Critical Velocity Vie = 1.3 fps 100-Yr. Critical Velacity . VRe= 1.2 fps
100-Yr, Critical Depth in Overbanks Yile= 0.1 ft 100-Yr. Crilical Depth in Overbanks YRe = Q0.5 1t
Composite Cross-Section Flow Condition for Q100
Top width T= 1030 ft Discharge Q= 2,346.7 tls
Channel Depth Y Y= 345 Velocity V= EANS
Flow area A= 2586 sgft Froude number Fr= 1.01
Waetted perimeter P= 103.5 #t 100-Yr. Critical Velocity Ve= 9.0 fos
Cross-Sechonal Manning's n {Caleutated) n= 00214 100-¥r. Criticat Depih in Overbanks Ye= 0.12 &

channel capacity station 9+00.x1s, Composite Analysis 4212018, 4:14 PM



Capacity Analysis of Composite Channel

Project: 17043 Cottonwood Detention Basin PR2

nnel 1D: Channei design stations 11425 and 14+25 Q100=2380 cfs

[ N-left N-If | N-right |
Left Overbank Area l.ow Flow Channel Right Overbank Area !
h /r__\
1 = J _"‘“"‘_”!;._'— ___J 1 Yob
ZL [ — ZR
< z1 I I
Alternate Ym [
Overbank 5 ‘
Toe Protection -
{ gL |
Channel fovert Slope Sa=__ 0.00500 fIAt Left Overbank Botlom Widlh BL = 1600 ft
Left Gverbank Side Slope ZL= 7.20 fifit
Low Flow Channel Boltom Widih B = 14.00 Left Gverbank Manning's n eleft = 0.0350
L.aw Flow Channel Left Side Slope Zi= 3.00 feft Right Overbank Bottor Witk BR = 16.00 ft
Low Flow Channel Right Side Slope &2= 3,00 ey Right Overbank Side Slope ZR= 7.20 Mt
Low Flow Channel Manning's Nn for Qd ndi= 0.0250 Right Cverbank Manning's n n-fight = 0.0350
Low Flow Channel Manning's Nn for Q100 n-m-Q100 = 0.0226
(See USDCM Vol. U, nvs, Depth Graph)
Low Flow Channel Bank-full depth Ym = 2.00 ft Overbank Flow Depth Yob {Y - Ym} Yob = 305 4t
l.ow Flow Channel Condition for Qd L.ow Flow Channet Flow Condition for Q160
Top width Fif = 26.0 ft Top width Tm= 2601
Flow area Alf= 400 sqt Flow area = 1183 sqft
etted perimeler P¥ = 287 & Wetted perimeter Pm= 281N
Discharge {Calculated) Qift= 221.0 cfs Discharge am= 1,551.9 ¢ls
Vetocity Vif= 5.5 fps Velocity Vm= 3.0 fps
Froude number Frif= 0.79 Froude number Frm = 107
Qd Critical Velocity Vifc = B.63 fps 100-Yr, Crilical Velocity Vme = 55 fps
Gt Crilicak Daplin YHc= 173 ft 100-Yr. Critical Depth Yre = A1l
t.eft Overbank Flow Condition for Q100 Right Overbank Flow Condition for Q100
Top witdth ’ TL= 38.0 il Tap width TR= 380N
Flow area AlL=_ B2.2800 sqft  Flow area AR = B82.2900 sqft
etied perimeter PL= 38700 ft Wetled perimeter PR=__ 3817001
Discharge QL= 413.4 cfs Discharge ar = 4134 efs
Velocity VL= 5.0 fps Velocity VR = 5.0 fps
Froude number Fris= 0,60 Froude number FrR= 0.60
100-Yr. Critical Velocity Vie= 7.4 fps H00-Yr. Ciitical Velosity VRe= 7.4 fps
100-Yr. Critical Depth in Overbanks Yie= 2.3 1t 100-Yr. Critical Depth in Qvedbanks YRe 23R
Composite Gross-Section Flow Condition for Q100
Top width T= 101.9 ft Discharge Q= 2.378.7 cls
Channel Depth Y Y= 5.05 ft Velosity V= 8.4 fps
Flow area A= 283.9 sqft  Froude number Fr= 0.88
Wetled perimeler P= 1030 ft $00-Yr. Critical Velocity Vo= 9.5 fns
Cross-Sectional Manning's n [Calculzled) n= 0.0247 100-Yr, Critical Depth in Gverbanks Ye= 209

chanae! capacity station 11+25.xls, Composite Analysis

442018, 5119 PM




Capacity Analysis of Composite Channet

~ Project: 17043 Cottonwood Detention Bsibn PR2
mnnel ID; Channe! design station 12+00 Q100=2380 cfs

| N-left N-if ] N-right ]

Left Overbank Area T Low Flow Channet o Right Overbank Area /r‘,_\

J\ v

I e [ ~ 11
ZE. ik U TR Yob
Alternate f
Overbank Ym
Channel invert Slope So+ _ D,00500 fuit LeR Overbank Botlom Width Bl = 2.00 i
Eeft Gverbank Side Slope ZL= 4.00 fift
Low Flow Channel Boltom Widih Bm = 14.00 R Left Gverbank Manning's n a-left = 00350
Low Flow Channel Left Side Sloge Z1= 3.00 fift Right Gverbank Bottom Width BR = 20041
Low Flow Channel Right Side Stope Z2= 3.00 fE/i Right Overbank Side Siope ZR = 4.00 &t
Law Flow Channel Manraing's Nn for Gd ndf = 0.0250 Right Overbank Manning's n n-right = 0.0350
Low Fiow Channel Manning's Nn for Q100 (100 = 0.0220
(See USDCM Vo, I, o vs. Depth Graph)
Low Flow Channel Bank-full depth Ym= 208 ft Overbank Flow Depth Yob [¥ - Ym) Yob = 3.80 1
l.ow Flow Channel Condition for Qd Low Flow Channel Fiow Cendition for Q100
op width Tif = 26.0 fi Tap width Tm= 260 #t
Flow area Alf = 400 sqft  Flowarea = 138.8 sqft
Wetted perimeter Pif= 8.7t Wetlted pesimeter Pm= 26.7 fi
Discharge (Calculated) Qlf= 224.0 cfs Discharge Qm= 1,997.3 ¢fs
Velogity Vif= 5.5 fps Veloeity Vm= 14.4 fps
Froude number Frif= 0.79 Frogde number Frm = 1.10
Qd Critical Vetociy Vife = 6.63 ips 100-Yr. Critical Velocity Vime = 5.4 fps
Qd Critical Deplh Yie = 1,73 ft 100-Yr. Crilical Depth Ymc= 581
f.eft Overbank Fiow Condition for Q160 Right Overbank Flow Gondition for Q100
Top width TL= 17.2 ft Top width TR = 1724
Flow area Ab=_ 364800 sqft  Flowarea AR = 35.4800 sgft
Weitted perimeter PL=__ 176700 ft Waetted perimeter PR=__ 1767001
Bischarge GL= 178.1 cfs Discharge QR = 178.1 ¢fs
Velocity Vi= 4.9 fps Velocity VR= 4.9 fps
Froude number Frl = 0.59 Froude number FIR = 0.59
100-Y'r. Critical Velocity Vigs 74 fps 100-Yr, Criticat Velocity VRew 74 fos
T00-Yr. Crilical Depth in Overbanks Yio= 301 100-Yr. Critical Depth in Ovetbanks YRe = 308
Composite Cross-Section Flow Condition for Q100
Top width T= 650.4 £t Discharge = 23534 ¢k
Channel Depth ¥ Y= 580 1 Vealociy V= 111 dps
Flow area A= 211.8 sqft  Froude number Fr= 1.05
Welted perimeter P= 20 ft 140-Yr. Crilical Velocity Ve = 7.3 fps
Cross-Sectional Manning's n (Calculated) R= 0.0215 100-¥r. Critical Depth in Gverbanks Yeo= jaon

channel capacity station 12+00.xis, Composite Analysis 4212018, 4:20 PM



Normal Flow Analysis - Trapezoidal Channel

Project: 117043 Cottonwood Creek Detention Basin PR2
Channel 1D: Q100=1940 cfs

Z1 P R -
B

Design Information {Input)
Channel invert Slope So= 0.0050 fifi
Manning's n n= 0.025
Botiorn Width B= 40.00 ft
Leit Side Slope Z1= 3.00 ftrsit
Right Side Slope 22 = 3.00 i/t
Freeboard Height F= 1.00 ft
Design Water Depth = 4,00 it
Normal Flow Condtion (Calculated)
Discharge = 1,887.74 cfs
Froude Number Fr= _0.89
Flow Velocity == 8.12 fps
Flow Area = 208.00 sqft
Tap Width = 64.00 ft
\Wetted Perimeter = 65.30 it
Hydraulic Radius , : = 319 #
Hydrautic Depth = 3.25 it
Specific Energy Es= 520 ft
Centroid of Flow Area Yo = 1.84 #
Specific Force Fs= 57.51 kip

emergency spillway sizing.xls, Basics 117812017, 2:22 PM



Critical Flow Analysis - Trapezoidal Channel

Projebt: 117043 Cottonwood Creek Detention Basin PR2

Channel 1D: Flow Spreader Q100=1940 cfs

et
M

1
!
1
1
1
|
1
|
1
:
H
|
]
1
1
1
H
1
]
I
t
i
H

R
A

i
e
bewd
T

FA T m mm mm o m ] S Z2
B

Desian Information {Input}
Bottom Width B= 80.00 ft
Left Side Slope Z1= 6.00 fi/it
Right Side Slope Z2 = 8.00 /it
Design Discharge Q= 1,840.00 cfs
Critical Flow Condition (Calculated)
Critical Flow Depth Y= 2.46 ft
Critical Flow Area = 233.66 sq ft
Critical Top Width T= 109.58 ft
Critical Mydraulic Depth = 213 ft
Critical Flow Velocity V= §.30 fps
Froude Number Fr= 1.60
Criticat Wetted Perimeter = 109.99 ft
Critical Hydraulic Radius = 212 ft
Critical {min) Specific Energy Esc= 3.54 it
Centroid on the Critical Flow Area Yoc = 1.10 ft
Critical (min} Specific Force Fsc= 47.35 kip

emergency spiflway sizing.xis, Basics

117912017, 1:48 PM



Critical Flow Analysis - Trapezoidal Channel

]

Project: 17043 Coitonwood Detention Basin PR-2

Channel ID; Flow spreader design 5-year Q=500 cfs

j
A
1
1
1
]
1
1
1]
]
4
1
1
i
t
1
1
1
1
j
¥
b
}
I
1
I
\\l‘f

7

Z1 ST ESRRREE >
Design Infermation (Input)
Bottom Width B= 50.00 #
Left Side Slope Z1= 4.00 fifit
Right Side Slope Z2 = 4.00 fuft
Design Discharge Q= 700.00 cfs
Critical Flow Condition (Calculated)
Critical Flow Depth Y= 1.73 ft
{Critical Flow Area = 98.79 sq ft
Critical Top Width = 63.88
Critical Hydraulic Depth = 1.55 ft
Critical Flow Velocity V= 7.09 fps
Froude Number Fr= 1.00
Criticat Wetted Perimeter = 64.31 ft
Critical Hydraulic Radius = 1.54 ft
Critical (min} Specific Energy Esc= 2.51 ft
Centroid on the Critical Flow Area Yoc = 0.80 ft
Critical {min) Specific Force Fsc= 14.54 kip

flow spreader sizing.xls, Basics

2/22/2018, 12:36 PM



Normal Flow Analysis - Trapezoidal Channel

Project: 17043 Cottonwood Detention Basin PR-2

Channel ID: Flow spreader design 5-year Q=500 cfs

o]
(—-_
A
1
1
1
t
:
]
1
]
1
H
‘e
H
3
]
]
]
1
i
i
H
;
.VI’,

7
A

¥ S — oo >

Besign information (input)

Channel Invert Slope So =

Manning's n n=
' Bottom Width B=

Left Side Slope Z1=

Right Side Slope Z2=

Freeboard Height F=

Pesign Water Depth =

0.0050 fifit

0.025

50.00 i

4.00 fifit
4.00 fi/ft
1.00 fi
2.00 f

iNormal Flow Condtion (Calculated)

Discharge Q=
Froude Number Fr=
Flow Velocity V=
Flow Area A=
Top Width T=
Wetted Perimeter P=
Hydraulic Radius R=
Hydraulic Depth b=
Specific Energy Es=
Centroid of Flow Area Yo =
Specific Force Fs=

708.46 cfs

0.81
6.11 ips

116.00 sq ft

66.00 ft

66.49 ft
1.74 ft
1,76 ft
2.58 ft
0.95 ft

15.29 Kip

flow spreader sizing.xls, Basics

2/22/2018, 12:36 PM



Chapter 8 Open Channels

8.1  Riprap Sizing

Procedures for sizing rock to be used in soil riprap, void-filled riprap, and riprap over bedding are the
same. :

8.1.1 Mild Slope Conditions

When subcritical flow conditions occur and/or slopes are mild (less than 2 percent), UDFCD recommends
the following equation (Flughes, et al, 1983):

VSu.E? 2
ds> [W] Equation §-11

Where:
V = mean channel velocity (ft/sec)
S = longitudinal channel slope (ft/ft)
dsp = mean rock size (ft)

Gs = specific gravity of stone (minimum = 2.50, typically 2.5 to 2.7), Note: In this equation (Gs -1)
considers the buoyancy of the water, in that the specific gravity of water is subtracted from the
specific gravity of the rock.

Note that Equation 8-11 is applicable for sizing riprap for channel lining with a longitudinal slope of no
more than 2%. This equation is not intended for use in sizing riprap for steep slopes (typically in excess
of 2 percent), rundowns, or protection downstream of culverts. Information on randowns is provided in
Section 7.0 of the Hydraulic Structures chapter of the USDCM, and protection downstrean of culverts is
discussed in the Culverts and Bridges chapter. For channel slopes greater than 2% use one of the
methods presented in 8.1.2.

Rock size does not need to be increased for steeper channel side stopes, provided the side slopes are no
steeper than 2.5H:1V (UDFCD 1982). Channel side slopes steeper than 2.5H:1V are not recommended
because of stability, safety, and maintenance considerations. See Figure 8-34 for riprap placement
specifications. At the upstream and downstream termination of a riprap lining, the thickness should be
increased 50% for at least 3 feet to prevent undercutting. '

8.1.2 Steep Slope Conditions

Steep slope rock sizing equations are used for applications where the slope is greater than 2 percent
and/or flows are in the supercritical flow regime. The following rock sizing equations may be referred to
for riprap design analysis on steep slopes:

» CSU Equation, Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase II
(prepared by S.R. Abt, et al, Colorado State University, 1988). This method was developed for steep
slopes from 2 to 20 percent.

* USDA- Agricultural Research Service Equations, Design of Rock Chutes (by K.M. Robinson, et al,
USDA- ARS, 1998 Transactions of ASAE) and An Excel Program to Design Rock Chutes for Grade
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HEC-RAS Plan: Progosed Multi-Frof River: Cotlonweod Creak Reach: Main Slem

Raach River £ta Pratle Q Total MinChEl | WS Eley | CrtWs, | EG.Elev | EG Slape | VelChat | FlowArea | TopWidlh | Froudeg#Chi
{cis} n & ] (] () (vs} (sqf) {f
Maln Stem__[4872 10y 1500.00, 689760 6900.30]  £900.30]  @901.51 0.017351 B.83 169,93 70.96 1.01
Main Stem {4872 50 yr 3563.401 GBS7.60 690225 630225 BS04.18 0.618567 11.12 32045 13.88 1.00
Maln Stem {4872 160 yr 478,00 6897.64] £303,23] 630323 890547  n.0i6606 11,54 40554 91,84 1.0t
Main Stem  [daT2 500 yr 9875.00 6597.60 63p5.08|  §90508] 890916 0.016397 14.08 701,66/ 11522 1.01
Maln Stem {4238 10y 87189, 6383,90. 68B7.40]  ¢asrdaf  5888,52 0.014478 8.51 $14.08 51.23 1.01
Main: Stem 14238 80 yr 1945,00 6883.98 638879l  ceapyel  eesodt 0043753 9,55/ 195,63 64,80 1.00
Main Slam 14335 100 yr 2379.00 6883,98 6389.761 modsde 6850.96 .013817] 10,45 227,57 57.50 1.01
Main Stem 4208 500 yr 3575.00 5883,98 €830.36]  629038| 680248 0013784 1161 307.98, 74.84 1.01
Main Stem {23938 0y $71.00] £880.585/ 6884.69]  GBBI.52 £884.98 0.003138 4.30 225,78 88.37 047
Main Stem {3956 S0 yr §945,00, BHED.56 6886.10)  6884,58]  68BB.56] 0003184 5.62 358,66 98,52 0,50
Main Stem {3936 160 yr 2379.00 B680.56 688651 88447  5887.14 0003162 581 409,58 $01.07 0,51
Main Stem_ 3856 500 yr 3576,00 BEE0.56 6ge7.82|  Geesen]  smmest D.003208 6,69 534,75, 107.08, 0.53
Maln Sters {3981 iyt 97164 68B0,50 5884.31 6883.90F  £584.90| 0.002578 617 157.26 T4.06 0.78
Main Stem {3981 Shyr 1245.80 GBB0.50] 688563f 683501 6886.48F  0.002283 T.44 26145 84.53 0.75
Main Stem | 3981 100 vz 251900 6860.50/ 6885.10}  ©688540]  6B&7.08 0.002229) 7.8 302,74 55.83 0.75
aln Stom | 3881 500 yr I576.00 6880,50 6887.24]  Gaesas|  eEBoda 0.002101 B.72 409,87 $8.20 [
Main Stem {3871 1ayr 974,00 68E0.50 688390  6863.90|  om8se@4] 0004972 7.78 124,88 68.1% 1.01
hdain Stem 371 $0yr 945,00 6880.50f  6885.03 8885.03 s866.40] 0.004364 9.38 207.30 77.19 101
Main Slem _ as71 100 yr 2379.00|  6880,50 &885.46|  £885.48| 688697 0004153 9.87 240.9¢ 80.64] .01
Maln Stem __ [3971 500 yr 3576.00 6820,50 6888.47| esa547]  sees 3 0.663929 10.97 326.12 8.68 1.01
Maln Stem {3932 10yr 87108 5574.60 &881.40] 667888 6881.77] 6000752 4.86 199.05 18.62 043
Maln Stem {3932 5Gyr 194500 6874.00 65806 6550.86 £883.76| 0.00108% 671 285,89 60.22 0,54
Maln Stam {3932 100 yr 2379.00 6874.00, 6863.62] 688151 6884.46] 0.001207 7.33 324,63 £4.27 0,57
Mais Stem 3532 500 yr 3576.00 874,00/ 688660  GRBIOUf  BEBATAS 0.000771 5.39 559.49] 89.73 0.45
Main Stem __[3807 0y 571.00 £873.80 6881.38]  6876,81 E861.75 0.000624 4,85 200,28 48.35 142
Maln Stem __ [3807 50yr 194500 687330 sas3.on|  esso7s|  EesaTs 0.001063 8.73 288,88 59.05 0.54
Main Stem {3307 190 yr 2379.00 £873.80 te6s.58]  GEBtaN|  eEed.42 o0a1200} 7.38 322,08 5253 0.57
Maln Slem {3807 500 yr 3576.00 6873.9D 6086.63{  6882.9%] 808730 0.000776 6.58 543.70 83.92 0,46
Maln Stem {3905 10yr u7t.00]  &A75.00] 688%.20| 687932 6884.74] 0000832 5.35 181,50 4764 0.48
Maln Stem__ 3365 50 yr 194500  6875.00 co82.89]  essii7|  sssa7z|  0.001363 7.32 255,76 58,02, 056
Maln Stem {3508 100 yr 2379.00 8875.00 &883.41 688151 6084.41 D.601517 8,01 286,91 51.34 0.64
Waln Stem |3305 500 yr 3576.,00 6875.00 6B68.57|  &883.24 £887.30) 6.000851 5,83 523.25 82,601 0.48
Main Stem {3897 10yr g71.00 GB75.00 68A1.28] 687934 6881,73 0.000835 5.5 181,41 47,74 0.48
Male Slem {3897 SGyr 1945.00 6675.00 588287 6851.16] 688371 0.001369 7.33 265,45 58,05 080
Maln Stem__[3487 100 yr 2379.00 6875.001 638330 esgia0f shadan 0.001525 802 295.47 61,38 0.54
Maln Stam [ 3887 500 v 3576.00 6875,00 6886561  88eaza| 688729 0000963 .82 524.43] 87.07 0.49
Main Stam {3814 10yt 671,001 £875.00 esa1.08|  6873.87] 688158 9.003818 5,71 170,11 50.59 0.55
Msin Stem__ {3814 sayt 1845.00 687500 GBBZ 61 6881.34 £883.50] 0005075 1.57 257,08 52.04 056
Maln Stem {3914 190 yr 379,00 6875.00 483.92{  68B1.92|  6BE4I7|  0,005479 8,23 289,17 65,18 089
Main Stem __ [3814 500 yr 3576.00]  6575.00 6886.47]  6883.23 6887.16 0.002158 6.68 534,38 81,19 046
Main Stem {3816 10yr 071,00 E875.47 BaAD.50|  8879.10|  8uAL.AY 0.003039 487 198,30, 65.30 049
Maln Stem [3616 50 yr 1945.00 8875.47 888191 6860.46{  8892.57 G.003830 6.52 298.31 T4.63 0.58
Main Stem {3816 160 yr 2378.00 B&75.47 6B82.35]  SBE0OG!  GABA.1S 6004185 7.8 33234 7750 0.61
Main Stems {3646 500yt 357600, 6875,47 688535  £BB2.08f  6BES.TY 0.,005205 5.18 650,74 101.58 035
Main Stem {3503 10yr 271.00 HB75,50 6879.07) 687907 688008 0,070930 8.9 119,97 59.60 101
Maln Stem 3503 50yr 1945.00 6675.50/ 5880.35]  EBEO3S[ 688168 0,018012 9.25 210,22 80,72 1.1
Main Stem _ [3503 100 yr 2379.00 8875.50/ 6880.70F  ssg0yd]  ess223 D.017BS7, 5,62 247,38, 86,93 1.0%
Main Slem (3503 500 1 3576.00 6875.50/ 6885.53f BAS178] chmss0 a.u60957 4.13 BG5.89 128.34 0.28
Main Stam __ [3328 10 yr 571,00, 8874.50 6878.32]  B877.84]  oBrass 0.002702 5.99 162,06 83.00 675
Main Stem {3328 Styr 1845,00 £874.50 6879,55]  6878.99]  ©680.33 0802411 7.08 274.88] 100,72 0.76,
{Main Stem__ {3328 100 y1 2379.00 5874.50 6880.01 6873.08]  E280.84 0002715 7.34 32431 123.28 .80
Main Stem {3328 500 yt 3576.00 £674.50 6885.40]  assnds]  688B.S1 0080115 2,63 136121 180,84 .17
[
Main Stem__ [3318 10 yr 971.00 6874.49 s877.95]  o87res|  oeveez 0.004945} 7.47 130,06 1532 1.00
Main Slem__ {3318 50 yr 945,00 BRTE.AD 6879.01 5879.01 £830.23| 0.004508 8.92 217.97 40,15 .01
Maln Stem__ [3318 100 yr 2379.004 6B74.49 8B79.40]  8879.40|  BE80.76 0.004358 4,36 254.05 95.28 5,01
Main Stem__ [3318 500 yr 3576.001 687449 6888.33]  688049| 688651 0000129 2.71 132138 17811 0,18
Main Stem_ [3573 10y 471.00] BB5E,46/ 6874,74]  6B73.32]  6B7S.32] 0001474 6.11 159,02 48,40 .59
Main Stem __ [3278 50yt 1945.00 5E64.40) GBYE.80| 687521 687756  o.001398 699 278,12 66,50 050
Maln Stam {3278 100yt 2379.00]  es68.40 6878.18]  BAVS.80|  6e78.81 0.000309 6.27| 378,17 7770 0.50
MainStem {3279 560 yr 3575.00 6866.40 6e06.40]  s87r43|  seesse]  o.ooocoes 243 143525 161.23 0,15
I




HEC-RAS Plan: P Muli-Prol _River; G d Creek Reach: Maln Siem {Continued)

Reach River Sta Profile Q Total MinChEl ] WS Elav | Ol W.S. E.G.Elev | E.G. Shpa Vel Chnl Flow Aren | Top Withh Froude # Chi
{ois) ()] €1} {0y (0] () (8/s} {sqf) n
Maln Stem 3254 10y 87i.co 685830 6B74 65 6873.24 687527 0.601488 5.33 183.45 44,19 480
Maln Stam 2354 50 ye §945.00, BR58.30 BB76.5% 6875,16 5877.50 0003634 768 253.1¢ 58.79 0.65
Hala Stem 3254 100 yr 2379.00 58608,301 £878.03 £875,80 £878.37 D.0H07E) .87, 346,16 £9.64 1,54
Maia Stem 3254 500 yr 3576,00 6868,30 5886,38 £877.21 GRBE.49 G.000188 263, 135800, 15234 118
Main Stem 3252 10yr a971.00 B859.40 £874.17 68735.74 B075.23 0.003045 828 1756 39.23 .84
Main Stam 3252 50 y1 1845.00 BEG8.40 £876.06 EA75.55 GRI7 A5 ,002859 9,48 205,14 $3.41 285
Main Stemn 3252 160y 237800 £350.40 687785 687817 B878.75} 0.0014%0 7.64] 31322 65,62 162
Main Slem 3252 S0 y1 I576.00 B8ERG.4¢ 668828 B@T7.57 £886,49 0.000t15 288 133295 151.64 9.18
Main Stem 3244 1oy 971,80 686541 B573,74 6873.74 BE75.16 0004441 a.57| 104,51 35,04 1.00
Main Slem 13244 50yr 1945.00 65859.40 EB75.55 685,55 BEYT38 0.004385: 19,85 §79.25 49.65 1.01
Maln Stem | 3244 100 yr 2379.89 8663441 GEYT.84 687618 B876.74 D.GDNZ’.IS 782 321 B6.76 9862
Man Stem (3244 500 yr 3576.00 686940 658638 BBTT.57 838649 ﬂ.ﬁﬂﬂHSi 2,70 1322.84 149.98 0,18
Maln Stem 3id4 oyr 971.00 £868.87 B8T259 887299 £874.12 0.020618 881 14,14 51.43 1.01
Main Stem 3144 S0 yr 1945.00 £868.87 8874.43 8374.43 EA75.87 9018597 5.654 201,72 £9.92 1.00
Main Stem 3144 10 yr 2318.00 8658,87 GB78.09 6874.85 6378.40 GH01853 449 530,11 10655 0.35
Maln Stem 3144 500 yr A576.00 6BE6A.B7 G88G.39 6a76.02 6856.47 000158 2.16] 1652,26 164.91 .12
Main Slem 3028 1ayr §74.00 6658,25 BETZ06 GHTERT 6872.61 0,002663 5,95 16323 43,59 0.7%
Main Stem 3028 Sgyr 594500 6863.25; 6B74.6% BBT2.74 £874,95] 0,000921 4,54 41036 1€6.21 0,43
Main Slem 3028 408 yr 2379.0% 6883.25; BR78.22 687311 6878,29 D.000121 258 1132489 20238 0.16
Maln Stem bl S0 yr 3576.00 858,25 BEEB,42 687420 £886,44 0.800820, 1.56] 054.19 28580 0.06
Maln Stem 3p18 fayr 971,00 66868,24 687167 GBTL.67 Be872.55 O.GO5CES, 7.52 129,18 7541 1.01
Main Stem 3518 S0yt 945,00/ 65858.24 6B874.85 £872.76 £674.84 DORDTAY! 4.37 445.44 189.60 A8
Main Stem 3048 100y 2375.00 G868.24 £878.22] £5873.19 £878.29 0.006084 214 1110.05 202.44 G168
Maln Stern 3ot %00 yr 3576.00 BEGB.24 £866.42 6874.27 £885.44 0.660011 1468 3093.39 280.15 005
Main Sterm 2978 10y g71.00 £862,00 G868,46 £867,08 £869.21 0.001935: 6.94 138.84 42,02 0.67
Main Stem 2978 S0y 184500 5862.00 B874.74 £868.35 £874.88 0.0060159] 3.05 538,03 155,32 027
Main Stem 2978 100 yr 2379.00 6862.00 EB878.23 H80.001 8878.28, 0063050 1,89 1255.92 193,43 G613
Kain Stem 2978 E00 yr 3576.00 686200 H886.42 £871.33 £886.44 0.500010. 1.10 3246.10 251.96 0,08
Mals Stem 2054 10 yr 871,00 686200, 868,52 £8671.02 £869.12 O.001421 8.24 155,64 44,62 0.58
Main Stem 2954 SO yr 1845.00 £B862.00 EB874.74 £860.98 5874.88 B.0G2180, 297 554.81 16780 627
Maln Stem 2954 106 yr 2373.00 662,00 §878.23 £859.61 £878.28 G.GO0048 1.80 131843 20357 043
Hals Stem 2954 5040 yr 3576.00 352,00 £885.43 £871.04 £B885 44 0.000009; 100 3585.70 319.81 0,05
Maln Stem | 2052 9y §71.00 8363,.25 £868.02 GEEY.68 BE69.07 6003040, 8.25 1776 29,36 .84
Mals Stem 12952 50 y1 15845.00 £B63.28 £874.T3 BB6D 40 60874.07 G.000:213; 3.07 633.99 165.65 0.28
Mals Slem 12852 100 yr 2379.00 G3E5.25 878,23 587901 B078.28 6000050 1.82 1304.11 205,27 0,13
Main Slem 2952 500 yr I576.00 6863.25 GAR5.A43 5871.41 6BB5.44 §.600003 .99 3508.31 a22.7s 0,05
Mals Stemn [2944 0yr 971.09 EREA.ZS §857.58. G857.50 685941 0.004465 9.58 101,39 36.07 101
Main Slemn  [2044 S0yr 1945,00 668325 BB74,73 G663.44 6B74.87 000210 3.01 647,10 175.34 [l
Main Slam  [2064 00y 2379.00 6883.25 GB78.23 68%a.0 6878.28 0.000043| 1.18 1337.87 214.94 0.13
Main Stam | 2844 500y 357600 GBE3.25 HEBE.43 6671.41 686044 0.00000% ﬂ.SI!s Iratag 33247 0.05
Main Stem | 2784 10y 971.08 6862.35 G866.50 G855.84 6586.91 0,008588 5.18i 185.26 163,27 087
|Main Stem 2784 50yr 194500 §862.35 074,60 6856.,98 687482 0.000050 1 .OBE 1527.47 249,69 507
Main Slem 2784 100 yr 237900 §862.35 BBYR25 686734 687825 0.000025| 0.355 280693, 325,27 0,05
Main Stem 2784 SO0y 3576.00 6R62.35 EBB5.43 586009 EBBE.44 0.080007| D& 3§ 570563 393,06 0.03
Mait Slem  |2774 10y1 971,00 6B62,30 5856.48 GBE5,79 GBESBT 0.001872] 5.05; 19246 £3.02, 0.60
Main Slem 2774 50¥f 1945.00 6862,30 GB74.8D 6Bb6.92 B6B74 82 0.000029| 1,408 1840.67 24126 0.a7
|Main Stem | 2774 100 yr 2379,09 6B62.20 BBY78.25 GB51.2T 6A78.25 0.0008%6 0,85 281443 317.50 005
Main Stem 2774 500y7 3576.00 6BE5Z.3¢ B8543 658,91 BHBS.44 0,000005 0.63 5666.11 J97.57 0.03
Main Slem | 2763 0 yr 97100 668230 GRAE.SD HHES5.48 B6B55.80 .00t 103 3,53 544 140,05 944
Main Stem 2763 50 yr 1845.00 BBEZ.20 BB74.80 8856 42 5874.82 C.000023 1.01 183037 245.00 4.06
Main Stem 2763 100 yr 2379.00 EB82.30 G878.25 5885.73 £878.28 G.000014 0.82 2891.43 I0%.76 .08
Mait Stem [2763 500 yr 357600 EBSZ G 5886.43 B66T.43 6H86.44 C.000005] 0.52 5731.01 40768 403
Main Slem | 2747 0 yr 971,00 B85890, BBGE.TE £851.59 BBBE.75 G.000044 1.56 621,70 128.06 4.92.
Mals Stem  [3747 50 yr 194500 6358.50 H874.80 £852.67 £874.81 G.0G000Y .88 221182 23741 1,05
Maln Stem (3747 00 yr 2378.90 £858.20 8878.25 5853,03 £878.26 0500065 (.76 315033 29581 4,04
Main Slem  [23747 500 yr 351800 £558.90 £888.43 £863.94 5886.44 D.000002 1 X:5] 5807,83 401.59 0.03
Main Stem  [2668 0yt 971,80 BB58,50 BBES, 70 GBE1.56 BRB5. 74 D.0G0B52 1,68 585.39 123,52 0.43
Main Stem 12658 50 yr 1245.00 £858,50 6874.801 6862.7¢ BB74.81 0,060008 0.94] 2062.18 213,65 0.85
Main Stem 2668 100 yr 2379.00 £855.50 BB78.25 6863.15 BB78.26 0,000005 [13:1] 2870.44 261.48 0.04
Maln Sters | 2668 S0 yr 35T4,00 6858.50 68685.43 686413 688844 0,800003 Q.67 5346.82 I67.78 0.03
i




HEC-RAS Plan: Proposud Multi-ProfRiver Colionwood Creek  Reac

v, Main Stem {Conlinued)

Reach River Sla Profle 0 Yotal MInChEl | WS.Elev | CilwWs. | EG.Elev | £G. Slope | VelChal | FlowArea | TopWidth [ Froude# Ghl
{fs) (m (0] {1 (i) ) ) e A m
Maln Stem _ [2865 10yr 971.00 GE5D.50 6666,70 6B53.54 586877 2.089121 218 443,81 123.45 0,2t
Maln Stem | 2685 SOyt 1945.00 GRED.50 B574.80 sa84.50 687482 0,000011 1.02 1908.26 21545 095
Main Stem 2668 100 yr 237909, 6880.50 887525 BEG4.86 BB78.26 0000907 0,88 2707.04 258,95 0,25
Main Stem | 2665 500 yr 3576.00 BB60.50 8886.43 828575 5866.44] 0.000402 0,69 555,08 363,17 d.03
Main Stem 2643 10yr 971.00 £850,50 6BBS.70 6853.87 6866.A1 0.000173 2.49 359.94 §06.39 023
Main Stom__ [2643 50y 1245.00 GBED.50 5874,80 6864,75 8874.82 0.000014 1.15 1684.18 189,07 .07
Main Stam___ |2g43 190 v 237,00 5850.54 8878,25 £865,17, £678.27| 0.000003 0.9 2395.61 23433 0,05
Maln Stem {2643 580 yr 3578.00 6560.50 £885.43 4865.15 6HB5.44 0000004 0.78 4684.05 332,97 004
Maln Sfem 2642 1oyr 971,00 £858.50 SBES.TO &pe0esl  esesds 0000059 1.76 552,81 105.59 0.14
Main Stem 2642 soyr 1945,00 6858,50 6874.80 B86150] 687482 0.000a18 185 $034.16 18751 0.06
Majn Stem {2642 1ot yr 2373.00 8B58.50 £878.25 6862.38/ 687825 0000014 0.54 254128 25180 005
Maln Stem {2842 500 yr 3576.00 6858.501 6BB5 43 6863.88, 6885.44 0.000007 0.74 481924 33223 0,03
Maln Slem 2631 10yr 971.00 6858,24 Ba5E.70 6B67.75 0000288 8,20 118.44 78,43 0,50
Main Stem [2631 s0yr 1945,00 £858.24 BAT4.80 £875.89 0.600128 8,39 231.83 17027 0.38
Main Slem 2631 100yt 2379.60 BBSB.24 8878.25 687937 1.008102 B8.49 280.14 202.11 2.33
Maln Stem 12631 500 yr 3576.00 6858,24 £885.43 6887.71 0.060073 8.05 39486 324.08 2.30
Maln Stem__ [2440 Cuivart
MainSlem | 2250 10yr 959,00 E841.69 554693 6846.93 584959 0,014951 13,05 73.42 N 1.0t
aln Stern 12250 Soyr 1B4B.00) 684169 6349.71 B4 6853,74 0,012304 16,10 112.28 38,10 5,00
Main Stem 2250 160 yr 2079.00 6B41.69 £E50.48 B850 48 £354.92 0.0125655 16.89 123.50 38,34 5.00
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Federal Emergency Management Agency
Washington, D.C. 20472
May 6, 2019

CERTIFIED MAIL IN REPLY REFER TO:
RETURN RECEIPT REQUESTED Case No.: 18-08-1091R

The Honqrabfei J fﬁm Suthers ) Community Name: City of Colorade Springs, CO
Mayor, City of Colorado Springs Community No.; 080060

30 South Nevada Avenue
Colorado Springs, CC 80903

104
Dear Mr. Suthers;

We are providing our comments with the enclosed Conditional Letter of Map Revision (CLOMR}) on a proposed
project within your community that, if constructed as proposed. could revise the effective Flood Insurance Study (FIS)
report and Flood Insurance Rate Map (FIRM) for your community.

If you have any questions regarding the floodplain management regulations for your community. the National Flood
Insurance Program (NFIP) in general. or technical questions regarding this CLOMR. please contact the Director,
Mitigation Division of the Federai Emergency Management Agency (FEMA) Regional Office in Denver. at (303)
233-4830. or the FEMA Map Information eXchange (FMIX) toll free at 1-877-336-2627 (1-877-FEMA MAP).
Additional information about the WFIP is available on our website at

DDA W TeiE, oy N IONG - OG-S HTANCE-DERETRIN

Sincerely,

Patrick “Rick™ F. Sachibit, P.E., Branch Chief
Engineering Services Branch
Federal Insurance and Mitigation Administration

Enclosure:
Conditional Letter of Map Revision Comment Document

c¢; The Honorable Amy Folsom
County Administrator, El Paso County

Mr. Keith Curtis, P.E., CFM
Fioodplain Administrator
City of Colorado Springs

Mr. Erie Stream, P.E,, CFM
Civil Engineer
Kiowa Engineering Corporation
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Federal Emergency Management Agency
Washington, D.C. 20472

CONDITIONAL LETTER OF MAP REVISION

COMMUNITY INFORMATION PROPOSED PROJECT DESCRIPTION BASIS OF CONDITIONAL REQUEST
: CULVERT BASE MAF CHANGES
City of Colorado Springs
R4 El Paso cgung g DETENTION BASIN FLOODWAY
Colorad HYDRAULIC ANALYSIS
COMMUNITY cioraqo HYDROLOGIC ANALYSIS
UPDATED TOPGGRAPHIC DATA
COMMUNITY NO.: 080060
ot Bosevard and Cowpake Raad CLOMR APPROXIMATE LATITUDE & LONGITUDE: 26,550, 164,716
IDENTIFIER SOURCE: USGS QUADRANGLE  DATUM: NAD 83
AFFECTED MAP PANELS
TYPE: FIRM® NO.L 0BUSIC06ZSE DATE: December 7, 2018 * FIRM - Fiood insurance Rate Map

FLOODING SOURCE AND REACH DESCRIPTION

Cotiemwood Craek — Erom approximately 5,700 feat downstream of Black Forest Road to epproximately 3.280 feet downstream of Black Forest Road.

PROPOSED PROJECT DESCRIPTION

Fiooding Source Proposed Project Location of Proposed Project
Cottonwood Creek New Culvert Af Tutt Boulevard

New Detention Basin At Tutt Boulevard

Removai of Structure . Al Cowpake Road

SUMBIARY OF IMPACTS TO FLOOD HAZARD DATA

Flooding Source Effective Flooding Proposed Flooding  increases Decreases
Cottonwaod Creek Zong AE Zona AR Yes Yes
icatiway Floodway Yes Yeau
BFEs® BFEs Yes Yes
Zone X {shaded} Zone X {shaded} YES Yas

~ BFEs - Base {1-percent-annual-chance) Fiood Elevations

COMMENT

‘this document provides the Federat Emergancy Management Agency's (FEMA's) commanm regarding a request for a CLOMR for the project described above, This
documnant is not a final determination: it only provides our comment on the proposad project in relation 1o the food hazard information shown en the effective Natonal
Flood insurance Program (NFIP} map. We reviewsd the submilted data and the data used to prepare the effective finod hazard information for your community and
detarmined that the praposed project meets the minimum floodplain management eriteria of the NFIP. Your communily is responsible for approving afl foodplain
davelopment and for ensuring that all permits required by Federal or StatelCommonwealth law have baen received,  Siate/Commonweaith, county, and cormmunity
officials, based or their knowledge of local condiions and in the interest of safety, may set higher standards for construction in the Special Fiood Hazard Arsa {(SFHA),
the area sublect to inundation by the base focd). If the State/Commonwesaith. county, of community has adopted more restrictive or comprehensive fioodplain
management critena, these criteria take pracedence over the minlmum NEIP eriteria.

This comment 15 basad on the fnod data presantly available ¥ you have any questions about this dotument, please contact the FEMA Map information eXchange (FMIK) tolt
free ab 1-877-336-2627 (1-877-FEMA MAP) or by letler addressad to the LOMC Clearinghouse, 3601 Zisenhower Avenue, Suite 509, Alexandria, VA 22304-6425. Additionat
Pinfarma::on ahout the MFIP is available on the FEMA website at hitpstfvaviv fema govinational-floed-insurance-program.

Patrck *Rick” F. Sacbhibit. £.£., Branch Chief

Engineering Services Branch
Federal insurance and Miigation Administration 18.08-1081R 104
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Federal Emergency Management Agency
Washington, D.C. 20472

CONDITIONAL LETTER OF MAP REVISION
COMMENT DOCUMENT (CONTINUED)

OTHER COMMUNITIES AFFECTED BY THIS CONDITIONAL REQUEST

CiD Number: 080058 Name: El Pasc County, Colorado

AFFECTED MAP PANELS

TYPE: FIRM NO. 08041008285 DATE: Dacember?, 2018

Infarmation about the NFIP is available on the FEMA website at hilps:fiwww fema.govinationa-flood-insurance-program.
Patrick *Fack” F. Sachicht, #.8 , Branch Chigf

Enginesring Services Sranch
Faderal Insurance and Mitigation Administration

15-08-1091R

This comment is based on the flood data presently avaiable  If you have any questions about this docurnent, please contact the FEMA Map Information eXchange (FIIX) tal
free at 1.877-336-2807 (1.877-FEMA MAP] or by letter addressed ta the LOMC Clearinghouss, 3801 Eisenhower Avenue, Suite 500, Alexandrig. VA 22304.8428. Additional

104




Page 3 of § [issue Date: May 6, 2018 lCase No.: 18-08-1091R ] CLOMR-APP

Federal Emergency Management Agency
Washington, D.C. 20472

CONDITIONAL LETTER OF MAP REVISION
COMMENT DOCUMENT (CONTINUED)

COMMUNITY INFORMATION

To determine the changes in flood hazards that will be caused by the proposed project, we compared the hydrautic modeling reflecting the proposed project
(referred to as the proposed conditions model) to the hydraulic modeling used to prepare the Flood insurance Study (FIS) (referred w as the effective moded),
If the effective model dogs not provide enough detail to evaluate the effects of the proposed project, an existing conditions model must be developad o
provide this detail. This existing conditions model is then compared 1 the effective model and the proposed eonditions model o differentiate the increases or
decreases in flood hazards caused hy more detailed modeling from the increases or decreases in flood hazards that will Be caused by the proposed project.

The table below shows the changes in the BFEs:

BFE Comparison Table

Flooding Seurce: Cottonwood Creek BFE Change tfeet) Hoocation of maximum change
Existing vs.  JMaximum tnerease None NA
Elfective Maximum decrease 7.0 Approximately 4,230 feef downsiream of Biack Forest Road
Proposed vs.  JMaximum increase o0.g Appraximately 4,350 feet downstraam of Black Forest Road
Existing Maximum decrease 3.4 Approximately 4,170 feat downstream of Black Forest Road
Proposed vs.  Maximum increase 14.0 Approximately 5,540 feed dovmnstream of Bleck Forest Road
Effective Muximum decrease 6.7 Approximately 4, 30 fest downstream of Black Forest Road

Increases due 1o the proposed project thay exceed those permitted wnder Paragraphs ()16 or (d)(3) of Section 603 of the NE[P regulations must adhere 1o
Seetion 65.12 of the NFIF reguiations. With this request, your communily has complied with all requirements of Paragraph 65.12(a) of the NFiP regulations. §
Compliance with Paragraph 65.12(b} also is necessary before FEMA can issue a Letter of Map Revision when a community propases 1o permit
ercroschments smio the cffective floodplainfregulatory floodway that will cause BEE increases in excess of those permitted under Paragraph
60.3¢di(35/60.3(ei 161,

NFIP regulations Subparagraph 60.3(h)(71 requires communities 10 ensure that the flved-carrying capacity within the alteted or relocated pestion of any
watercousse Is maintained. This provisioa is incorporated intwo your community’s existing floodplain management ordinances; therefore, responsibility for
mainienance of the aliered or relocated watercourse, including any relased appurtenances such us bridges, culvents, and other drainage structiges, rests with
your community, We may request that your community submit a description and schedule of maitenance activities pecessary (o ensure this requirement.

This comment is based on the finad data presently avallable. I you have any questions aboutl this docurmeni, please comtact the EEMA Map Infarmation eXchange (FMIX) toll free
at 1-377.336-2627 [1-BT7-FEMA MAP) or by istter addressed to the LOMC Clearinghouse, 3801 Eisenhowsr Avenue. Sufie 500, Alexandris. VA 22304-8428 Adgitional
Jinformation about the NFIP js avaiable on the FEMA websile at hitpeivvny fema govinationsl-fiood-insurance-program.

=7 A

Patrick “Rick™ F. Sacbibit, P.E., Branch Chief
Engineering Ssrvices Branch
Federal Insurance and Misgation Adrministration

18-08-1081R 104
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Federal Emergency Management Agency
Washington, D.C. 20472

CONDITIONAL LETTER OF MAP REVISION
COMMENT DOCUMENT (CONTINUED)

COMMUNITY INFORMATION (CONTINUED)

DATA REQUIRED FOR FOLLOW.UP LOMR

Upon completion of the project, vour commsunity must submit the data fisted befow and request that we make a final determination on
revising the effective FIRM and FIS reporl. If the project is built as proposed and the data below are received, a revision to the FIRM and
FIS report would be warranted.

+ Detailed application and certification forms must be used for requesting final revisions to the maps. Therefore, when the map revision
request for the area covered by this letter is submitied, Form |, entitled "Overview and Concurrence Form,” must be included. A copy of this
form may be accessed at https:f/www fema.gov/media-library/assets/documents/ 1343,

+ The detailed application and certification forms listed below may be required if as-built conditions differ from the proposed plans. If
reguired, please submit new forms, which may be accessed at htps://www fema gov/media-library/assets/documents/1343, or annoiated
copies of the previcusly submitted forms showing the revised information.

Form 2, entitled “Riverine Hydrology and Hvdraulics Form,” Hydraulic analyses for as-built conditions of the base flood the 10-percent, 2-
percent, and 0.2-percent-annual-chance floods. and the regulatory floodway, must be submitted with Form 2.

Form 3, entitled “Riverine Structures Form.”

+ A certified 1opographic work map showing the revised and effective base and ¢.2-percent-annual-chance flocdplain and floodway
boundaries. Please ensure that the revised information ties in with the current effective information at the downstream and upstream ends of
the revised reach.

« An annotated copy of the FIRM, at the scale of the effective FIRM, thai shows the revised base and 0.2-percemt-annual-chance fioodplain
and floodway boundary delineations shown on the submitted work map and how they tie-in to the base and §.2-percent-annual-chance
floodptain and floodway boundary delineations shown on the current effective FIRM at the downstream and upstream ends of the revised
reach.

+ As-built plans, certified by a registered Professional Engineer, of all proposed project etements.

+ A copy of the public notice distributed by your community stating its intent 1o revise the regulatory floodway, or a signed statement by your
conumunity that it has notified all affected property owners and affected adjacent jurisdictions.

+ Documentation of the individuai legal notices sent to property owners who will be affected by any widening or shifting of the base
floodplain and/or any BFE increases or BFE establishment along Cottonwood Creek.

This comment is based on the fiood data presently avaliable. I vou have any guastions aboul this document, please contact the FERMA Map information eXchange (FMIX) toll
rree at 1-877-338-3527 {1-877-FEMA MAP) or by lelter addressed to the LOMC Clearinghouss, 3601 Eisenhower Avenue, Suile 500, Alexandria, VA 22304-6425. Additional
information about the NFIP is available on the FEMA wabsite at nttps:/fwwew fema gevinational-fiocd-insurance-program.

=7 A
Patrick "Rick” F Sachist # £, Branch Chial

Engineering Services Branch

ol 7 Y- , e b,
Fegderal Insurance and Mitigation Admmnistration 18.88-1051R 108
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Federal Emergency Management Agency
Washington, D.C. 20472

CONDITIONAL LETTER OF MAP REVISION
COMMENT DOCUMENT (CONTINUED)

COMMUNITY INFORMATION (CONTINUED)

DATA REQUIRED FOR FOLLOW-UF LOMR {continued)

- An officially adapted maintenance and operation plan for the proposed Tutt Boulveard Culvert and Detention Basin . This plan. which may
be in the form of a written statement from the community Chief Executive Officer, an ordinance, or other legislation, must describe the nature
of the maintenance activities, the frequency with which they will be performed, and the title of the local community official who will be
responsibie for ensuring that the maintenance activities are accomplished.

« FEMA's fee schedule for reviewing and processing requests for conditional and final modifications to published flood information and maps
may be accessed at https/Awww. ferna.gov/forms-documents-and-sofoware/flood-map-refated-fees. The fee ar the time of the map revision
submittal must be received before we can begin processing the request. Payment of this fee can be made through a check or money order,
made payable in U.8. funds fo the National Flood Insurance Program, or by credit card (Visa or MasterCard only). Please either forward the
payment, along with the revision application, to the following address:

LOMC Clearinghouse
Anention: LOMR Manager
3601 Eisenhower Avenue, Suite 300
Alexandria, Virginia 22304-042¢

or submit the LOMR using the Online LOMC portal at: hups:/hazards. fema.gov/femaportal‘onlineiomc/signin

After receiving appropriate documentation to show that the project has been completed, FEMA will initiate a revision to the FIRM and FIS
report. Because the flood hazard information (i.e., base flood elevations, base flood depths, SFHAs, zone designations, and/or regulatory
floodways) will change as a result of the project, a 90-tay appeal period will be initiated for the revision, during which community officials
and interested persons may appeal the revised flood hazard information based on scientific or technical data.

This comment is based on the fleod dala pressntly available. If you have any quastions about this document, plaase contact the FEMA Map information eXchange (FMIX) tol free
t1-B77-338-2627 {1-E77-FEMA MAR) or by letler addressed to the LOMG Clearinghouse, 3601 Eisenhower Avenue, Suite 500, Alexandria, VA 22304-5425. Additional
Information atoul the NEIP (s svailablz on the FEMA wabsite at htips: fwvear fama govinational-floed-insurance-pragram.

e

Patrick “Rick” . Sachibit, P.E.. Branch Chief
Engingering Services Branch

[y N AE, i & i Mo
Federal ingurance and Mitigation Administration 15.05-1081R 102
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Federal Emergency Management Agency
Washington, D.C, 20472

CONDITIONAL LETTER OF MAP REVISION
COMMENT DOCUMENT (CONTINUED)

COMMUNITY INFORMATION (CONTINUED)

COMMUNITY REMINDERS

We have designated a Consuliation Coordination Officer (CCO) 10 assist your community, The CCO will be the primary Haison between
vour community and FEMA. For information regarding your CCQ. please contact:

Ms. Feanine P. Petterson
Director, Mitigation Division
Federal Emergency Management Ageney. Region VI
Denver Federal Center, Building 710
P.O. Box 25267
Denver, CO 80225-0267
{3033 235-4830

[This comment is based on the fiood data presently available. If you have any questions ebout this document, please contact the FEMA Map informstion eXchange (FMIX) ol
rfee &t 1-877-338-2827 {1-87V-FEMA MAP) or by letter addressed to the LONC Clearinghouse, 3601 Eisenhower Avenue, Suite 500, Alexandria. VA 22304-6426. Additionai
information about the NFIP is available on the FEMA webaite at hitpsifwaw foma govinational-fosd-insurance-program.

Patrick “Rick™ F. Sacbibit, 2.E. Branch Chisf

Enginesring Servicas Branch
Federal insurance and Mitigation Administration

18-08-1081R 104
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FINAL DRAINAGE REPORT
for
TUTT BOULEVARD ROAD EXTENSION NORTH OF COWPOKE ROAD
May 2018

Prepared for:

City of Colorado Springs, Colorado
30 South Nevada, Suite 405
Colorado Springs, CO 80903

Prepared by:

Rockwell Consulting, Inc,
1955 N. Union Boulevard, Suite 200
Colorado Springs, CO 80909
(719)475-2575

Project# 17-023
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FINAL DRAINAGE REPORT
for
TUTT BOULEVARD ROAD EXTENSION NORTH OF COWPOKE ROAD
May 2018

DRAINAGE PLAN STATEMENTS

ENGINEER'S STATEMENT

The attached drainage plan and report for Tutt Boulevard Expansion 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 City of Colorado Springs Drainage Design and Technical Criteria and isi conformity with
the master plan for the drainage basin. | understand that the City of Colorado Springs does not and will not
assume liability for drainage facilities designed by others.

Kent D. Rockwell, P.E.

CERTIFICATION STATEMENT

The City of Colorado Springs hereby certifies that the drainage facilities for Tutt Boulevard Expansion shall
be constructed according to the design presented in this report. I, as the developer, understand that the City
of Colorado Springs does not and will not assume liability for the drainage facilities designed and/or
certified by my engineer and that the City of Colorado Springs reviews drainage plans pursuant to Colorado
Revised Statutes, Title 30, Article 28; but cannot, on behalf of Tutt Boulevard Expansion, guarantee that
final drainage design review will absolve The City of Colorado Springs of future liability for improper
design. I further understand that approval of the final plat does not imply approval of my engineer’s
drainage design.

‘The City of Colorado Springs

BY:

AUTHORIZED SIGNATURE ' DATE
TITLE;
ADDRESS:

CITY OF COLORADQ SPRINGS

Filed in accordance with Section 7-7-906 of the code of the City of Colorado Springs, 2001, as amended,

FOR THE CITY ENGINEER DATE



FINAL DRAINAGE REPORT
TUTT BOULEVARD ROAD EXTENSION NORTH OF COWPOKE ROAD
May 2018

PURPOSE

The purpose of this report is to identify the existing and proposed runoff patterns and drainage facilities
required for the Tutt Boulevard Road Extension north of Cowpoke Road. The proposed roadway extension
consists of a 600 linear feet extension of Tutt Boulevard north of the existing Cowpoke Road and Tutt
Boulevard extension. Associated with the road extension, a regional detention pond is proposed along the
east side of Tutt Boulevard,

SUMMARY OF DATA

The sources of information used in the development of this study are listed below:

1.

2.

10,

.

City of Colorado Springs Drainage Criteria Mauual, May, 2014.

Soil Survey for El Paso County, Colorado, U.S. Department of Agriculture, Soil Conservation
Service, June 1980.

"Flood Insurance Studies for Colorado Springs and El Paso County, Colorade”, prepared by the
Federal Emergency Management Agency (FEMA), 1985.

“Cottonwood Creek Drainage Basin Planning Study" by URS Consultants, Inc., August 1995,
"Cottonwood Creek Prudent Line Study"” by Ayres & Associates, 1996.

“Preliminary/Final Drainage Report for Power Boulevard (Research Parkway to Woodmen Road®
by IR Engineering, July, 2000.

“Preliminary/Final Drainage Report for Research Parkway (Scarborough Drive 1o Powers Blvd.)
including Research Parkway Subdivision Filing No. 6, by JR Engineering, April, 2000,

“Master Development Drainage Plan for Wolf Ranch, Colorado Springs, Colorado,” prepared by
Kiowa Engineering, 2013.

“Westcreek at Wolf Ranch Subdivision Master Development Drainage Report & Final Drainage
Report for Westcreek at Wolf Ranch Subdivision Filings 1, 2, 3, 4 and 5” prepared by Rockwell
Minchow Consultants, Inc., dated July, 2004.

Master Development Drainage Plan for Westcreek at Wolf Ranch Phase 3 and Final Drainage
Report for Westcreek at Wolf Ranch Subdivision Filings 13 and 14, prepared by Rockwell
Consulting, Inc, dated December 18, 2017,

Preliminary/Final Drainage Report for Tutt Boulevard Filing No. 4, Woodmen Road to Cowpoke
Road, prepared by Matrix Design Group, Inc., dated April, 2005.

F -



2. Amendment No, | to the Final Drainage Report for Cumber Vista Filing No. 1 and
Preliminary/Final Drainage Report for Cumbre Vista Filing No. 2, 3, 4, and 5, prepared by JR
Engineering, dated January, 2007,

GENERAL LLOCATION AND DESCRIPTION

The Tutt Boulevard Road Extension project is located north of the existing Cowpoke Road and Tuit
Boulevard intersection. (see Vicinity Map - Figure 1). The existing Cowpoke Road and Tutt Boulevard
intersection is currently a two way intersection with existing Tutt Boulevard to the south and existing
Cowpoke Road to the east. [t is anticipated that this intersection will only be a 3 way intersection with no
extension of Cowpoke Road to the west in the future.

The site is within a portion of the Northwest Quarter of Section 6, Township 1 South, Range 65 West of the
6th P.M., City of Colorado Springs, El Paso County, Colorado. The site is bound on the west by large 5
acre tracts within [ Paso County, on the north by future residential development within the Wolf Ranch
Development, on the south by existing Tutt Boulevard and on the east by Cottonwood Creek and an existing
detention pond. The site improvement span existing Cottonwood Creek.

Weil-established native grasses exist throughout the proposed development. The topography north of the
proposed improvements generally slopes from north to south. Cottonwood Creek flows from northeast to
southwest.

SOILS

According to the Soil Survey of EI Paso County Area, Colorado, prepared by the U.S. Department of
Agriculture Soil Conservation Service, the soils underlying the Recreation Center fall under the
Stapleton/Bernal Series (Soil 85). These soils are classified as Hydrologic Group "B" and “I)” soils, Since
bedrock is known to exist just below the surface Hydrologic Group "ID" soils were used to determine runofT
coefficients.

CLIMATE

This area of El Paso County can be described as the foothills, with total precipitation amounts typical of a
semi-arid region. Winters are penerally cold and dry, and summers relatively warm and dry. Precipitation
ranges from 12 to 14 inches per year, with the majority of this moisture occurring in the spring and summer
in the form of rainfall. Thunderstorms are common during the summer months.

FLOODPLAIN STATEMENT

According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM)
#08041C0529 F dated March 17, 1997, the Tutt Boulevard Road Extension cross a 100 year floodplain
as depicted in Exhibit 3. A Letter of Map Revision (LOMR) will be prepared by Kiowa Engineering and
submitted to FEMA for their review.



DRAINAGE CRITERIA

The current City of Colorado Springs Drainage Criteria was utilized in this report. Peak runoff quantities
were determined using the Rational Method for both the 5 year and 100 year storms, as required for
drainage basins less than 130 acres.  Urban Drainage and Flood Control criteria, including water quality
and full spectrum detention pond spreadsheets, was also used in the preparation of this report.

FOUR STEP PROCESS TO MINIMIZE ADVERSE IMPACTS OF URBANIZATION

Step 1: The Tutt Boulevard Roadway Expansion project basically consists of just roadway improvements so
there is limited opportunities for low impact development. Instead an Extended Detention Basin (EDB)
will be constructed as part of the roadway improvements.

Step 2: The runoff collected from the street improvement area including some offsite areas, will be captured
and conveyed to a proposed Extended Detention Basin (EDB). The EDB will be utilized to provide water
quality capture volume for the proposed street improvements.

Step 3: The EDB will discharge directly into the proposed detention pond located just upstream of Tutt
Bouievard which drains to Cottonwood Creek. Grade control structures have recently been constructed
along Tributary #4 to stabilize the channel.  Additional grade control structures are being planned as part
of these improvements.

Step 4: Site specific BMP’s will be utilized during construction and up to stabilization of the site to
minimize off-site contaminants and to protect the downstream receiving waters.

HISTORIC DRAINAGE BASIN DESCRIPTIONS

A brief description of the historic drainage for the site is provided in this section of the report. A summary
of peak historic runoff for the historic basin(s) is depicted on the Historic Drainage Plan (Exhibit 1)
provided in the appendix. The historic drainage area affecting this site is defined by four historic drainage
basins,

The majority of the tributary area to the proposed Tutt Boulevard Roadway Improvement Project consists of
existing Cottonwood Creek. An area just north of Cottonwood Creek also drains toward Cottonwood
Creek and basically runoff from this area sheet flows into Cottonwood Creek. This area is defined as Basin
A on the Historic Drainage Map. The 14.47 acre Basin A generates runoff rates of 6.9 cubic feet per second
(cfs) during the 5 year storm and 36.1 cfs during the 100 year storm.

Existing Cowpoke Road and existing Tutt Boulevard south of Cowpoke drain toward the southerly end of
the proposed improvements. An existing 10° sump inlet is located along the west side of Tutt Boulevard
Jjust north of Cowpoke Road and an existing 57 sump inlet is located along the east side of Tutt Boulevard
north of Cowpoke Road. The Cowpoke Road and Tutt Boulevard Road tributary area is defined as Basins
0OS-1, O5-2 and 0S-3. With the proposed Tutt Boulevard Roadway Improvements, Basins 0S-1, 08-2 and
0OS-3 will remain the same with the exception that the existing 5° sump inlet located along the east side of
Tutt Boulevard north of Cowpoke will be replaced.



Basin OS-1 is located along the west side of existing Tutt Boulevard. According to the Tutt Boulevard
Filing No. 4 Drainage Report (Ref #11), flow rates of 3.3 cfs during the 5 year storm and 8.0 cf$ during the
100 year storm, bypass upstream inlets reaching the existing 10° sump inlet along the west side of Tutt
Boulevard.

Basin OS5-2 consists of 2.26 acres along the north side of Cowpoke Road extending approximately 2,600
feet.  Runoff rates of 4.6 cubic feet per second (cfs) during the 5 year storm and 9.6 cfs during the 100 year
storm are generated from this basin.  These flows reach an existing 10° on-grade inlet at the intersection of
Cowpoke Road and Mount Quray Road. This inlet collects runoff rates of 4.6 cfs during the 5 year storm
and 7.6 cfs during the 100 year storm. The remaining flows enter Basin OS-3 as street flows.

Basin 0S-3 comprise an additional 0.53 acres along the north side of Cowpoke Road. Runoff rates of Qs =
1.7 ofs and Qios = 3.2 cf$ are generated from this basin during the 5 and 100 year storms, respectively.
These flows along with the bypass flows from Basin OS-2 turn northerly into Tutt Boulevard. An existing
57 inlet is located along the east side of Tutt Boulevard just north of Cowpoke Road.

DEVELOPED DRAINAGE BASIN

A brief description of each developed drainage basin for the site is provided in this section of the report. A
summary of peak-developed runoff for the basins is depicted on the Developed Drainage Plan (Exhibit 2)
provided in the appendix. All proposed drainage facilities are approximate in size and may vary with actual
layout and design.

Basin 1 consists of 1.92 acres along the west side of the future Tutt Boulevard expansion north of Cowpoke
Road. Runoff rates of 4.5 cfs and 11.5 ¢fs are generated from this basin during the 5 and 100 year storms
respectively. These flows enter Basin 2 as street flows,

Basin 2 is also located along the west side of future Tutt Boulevard and comprises 0.57 acres. This basin
generates runoff rates of 1.8 cfs during the 5 year storm and 3.5 cfs during the 100 year storm. The
combined flows from Basins 1 and 2 of 6.3 cfs and 15.0 cfs reach a proposed 14° on-grade inlet located
approximately 50 feet north of the Tutt Boulevard and Cowpoke Road intersection,

This proposed 14" inlet will be installed just north of the existing 10’ sump inlet located approximately 50°
north of Cowpoke Road. The new 14° inlet will collect runoff rates of 6.3 cfs during the S year storm and
12.3 cfs during the 100 year storm. Flow rates of Qs= 0.0 cfs and Qoo = 2.7 cfs will bypass this inlet and
continue to the existing 10” sump inlet.

Basin OS-1 is located along the west side of existing Tutt Boulevard. According to the Tutt Boulevard
Filing No. 4 Drainage Report (Ref #11), flow rates of 3.3 cfs during the 5 year storm and 8.0 ¢fs during the
100 year storm, bypass upstream inlets reaching the existing 10” sump inlet along the west side of Tutt
Boulevard. The existing 107 sump inlet will collect a total of 3.3 cfs during the 5 year storm and 10.7 cfs
during the 100 year storm.

The total flows rates of Qs= 9.6 cfs and Qio0= 23.0 cfs collected from Basins 1, 2 and OS-1 by the proposed
14’ on-grade inlet and the existing [0” sump inlet will be piped across Tutt Boulevard within a proposed 24”
RCP to the proposed 16’ sump inlet on the east side of Tutt Boulevard,



Basin OS-2 consists of 2.26 acres along the north side of Cowpoke Road extending approximately 2,600
feet. Runoff rates of 4.6 cubic feet per second (cfs) during the § year storm and 9.6 cfs during the 100 year
storm are generated from this basin.  These flows reach an existing 10 on-grade inlet at the intersection of
Cowpoke Road and Mount Quray Road. This inlet collects runoff rates of 4.6 cfs during the 5 year storm
and 7.6 cfs during the 100 year storm. The remaining flows enter Basin 0S-3 as street flows.

Basin OS-3 comprise an additional 0.53 acres along the north side of Cowpoke Road. Runoff rates of Qs =
1.7 cfs and Qioo = 3.2 ofs are generated from this basin during the 5 and 100 year storms, respectively.
These flows along with the bypass flows from Basin OS-2 tumn northerly into Tutt Boulevard. An existing
57 inlet is located along the east side of Tutt Boulevard just north of Cowpoke Road. This existing iniet
will be replaced with a proposed 16’ sump inlet. The new 16” sump inlet will collect flow rates of 5.1 cfs
during the 5 year storm and 12.6 cfs during the 100 year storm.

Basin 3 consists of 1.51 acres along the east side of Tutt Boulevard. Runoff rates of 3.4 cfs and 7.4 cfs are
generated from this basin during the 5 and 100 year storms, respectively. The runoff generated from this
basin flow southerly along the east side of Tutt to a proposed 16’ sump inlet that replaces the existing 5’
sump inlet at the south end of Basin 3.

Total flow rates of 14.7 cfs during the 5 year storm and 35.6 cfs will be piped to the proposed Extended
Detention Basin to be constructed at the northeast corner of Tuit Boulevard and Cowpoke Road. 777...

Basin 4 consists of approximately 5.12 acres just east of future Tutt Boulevard. This is the general area of
the proposed detention pond. Runoff rates of 3.2 cfs during the § year storm and 17.7 cfs during the 100
year storn reach Cottonwood Creek and continue as stream flows within Cottonwood Creek.

Basin 5 comprises the existing detention pond constructed as part of the Cumbre Vista Development. This
1.96 acre basin generates runoff rates of 1.3 cfs and 7.3 ofs during the 5 and 100 year storms, respectively.
This pond will remain as is.

WATER QUALITY

A private Extended Detention Basin (EDB) will be utilized to provide Water Quality Capture volume for
the Tutt Boulevard Roadway Improvement project. The pond will be constructed at the northeast cormer of
Tutt Boulevard and Cowpoke Road. The EDB will discharge directly into the proposed detention pond to
be constructed just upstream of Tutt Boulevard. Kiowa Engineering will provide a more detailed drainage
memo describing the sizing of the EDB.

EROSION CONTROL

Erosion control measures will be installed per the approved grading/erosion control plans.



DRAINAGE, BRIDGE AND POND FEES

Tutt Boulevard Road Extension Filing No. | is within the Cottonwood Creek Drainage Basin. The 2018
Drainage, Bridge and Pond Fees per acre are listed below. At this time, the exact acreage of Filing NO. 1 is
unknown,

($12,692/Acre Total)

$/Acre
Capital Improvements Portion $10,172.00
Land Portion $3,069.00
Cash Portion $ 678.00
BRIDGE FEES $ 1.659.00

DRAINAGE FACILTIES (Public Non Reimbursable)
The following drainage facilities will be required for the Tutt Boulevard Roadway Improvements.

Tutt Boulevard Filing No. | (Public/Non-Reimbursable)

ITEM QUANTITY UNIT PRICE EXTENDED COST

24” RCP 77 L.F. $ 90.00 3 6,930.00

30” RCP 55 L.F. $ 120.00 $ 6,600.00

14' D-10-R Iniets i Ea. $ 9,100.00 ) 9,100.00

16' D-10-R Inlets I Ea. $ 9.900.00 & 9.900.00
Pemolition 1 L.S. $15,000.00 3 15.800.00
Sub-Total $ 47,530.00

10% Eng. and Contingency 3 4,753.00
Grand Total 3 52,183.00

CONCLUSION

Runoff generated from Tutt Boulevard Roadway Improvement Project will be collected within streets,
inlets and drainage pipes and conveyed to a proposed water quality pond which will then discharge toa
proposed detention pond, The conveyance of these flows to the various detention/water quality basins
will not adversely affect downstream facilities if all facilities are properly maintained.



APPENDIX
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HYDROLOGY

RATIONAL METHODOLOGY

PROJECT: Garden of the Gods Residential
BASIN: A
AREA: 14.47
SOIL TYPE: D

RUNOFF COEFFICIENT, C

ZONE/DEVELOPMENT TYPE AREA

Streets 0.26
Open Space 14.22
Res. Bldgs 0
0

14.47

COMPOSITE: C5=

TIME OF CONCENTRATION: Tc In Minutes:

Travel Type L

Overland 300

Swale 890G
Te Total:

Intensity, | {inches/hr) from Fig 6-5

PEAK FLOW: Q-CiA in cfs

C5 C100
0.90 0.95
0.15 0.50
C.80 0.95
0.00 0.00
0.16 C100= 0.51

s% vG (fps)  Tc (5 year)

4.0% 18.80
8.0% 4.2 3.54
22.34
i5
28 inhr
Q5

___6ads

% AREA
1.73%
98.27%
0.00%
0.00%

100%

1too

4.9 infhr

Q100

36.1 cfs



HYDROLOGY

RATIONAL METHODOLOGY

PROJECT: Tutt Bivd Expansion
BASIN: 1
AREA: 1.2
SOIL TYPE: D

RUNOFF COEFFICIENT, C

ZONE/DEVELOPMENT TYPE AREA

Sireets/Bldgs 0.78
Open Space 1.14
0

0

1.92

COMPOSITE: C5=

G5 C100
0.80 0.96
0.15 0.50
0.90 0.95
0.00 0.00
0.45 C100= 0.89

TIME OF CONCENTRATION: Tc In Minutes:

Travel Type L

Overland 30

Street 806
Tc Total;

Intensity, | {(inches/hr) from Fig 6-5

PEAK FLOW: Q-ClAincfs

s % vb {fps}  T¢ (5 year)

3.0%
4.0% 4.0

i5

5.2 inthr

Q5

45 cfs

1.38
3.33

4.71

% AREA
40.63%
59.38%

0.00%
0.00%

100%

100

- B.7 infhr

Q100

11.5 ¢fs



HYDROLOGY

RATIONAL METHODOLOGY
PROJECT: Tutt Bivd Expansion
BASIN: 2
AREA: 1.51
SCIL TYPE: D

RUNOFF COEFFICIENT, C
ZONE/DEVELOPMENT TYPE AREA Cs C100
Streets/Bldgs 0.92 0.90 0.96
Gpen Space 0.59 0.15 0.50

0 0.90 0.95

0 0.00 0.00

1.51
COMPOSITE: Ch= 0.61 C100= 0.78
TIME OF CONCENTRATION: Tc In Minutes:
Travel Type L s% vb {fps} Tc {5 year)
Overland 30 2.0% 7.47
Street 800 1.5% 2.4 5.44
Te Total; 12.92
Intensity, i {inches/hr) from Fig 6-5
15
3.7 inthr
PEAK FLOW: Q-CIA in cfs
Q5

. 34ds

% AREA
60.93%
39.07%

0.00%
0.00%

100%

160

6.3 infhr

Q100

7.4 cfs



HYDROLOGY

RATIONAL METHODOLOGY
PROJECT: Tutt Blivd Expansion
BASIN: 3
AREA: 0.57
SOIL TYPE: D

RUNOFF COEFFICIENT, C
ZONEDEVELOPMENT TYPE AREA C5 C100
Streets/Bldgs 0.48 0.80 0.96
Open Space 0.09 0.16 0.50

0 0.90 0.85

0 0.00 0.00

0.57
COMPOSITE: Ch= 0.78 C100= 0.89
TIME OF CONCENTRATION: T¢ In Minutes:
Travel Type L s % vG{fps) Tc (5 year)
Oveiland 30 3.0% 6.54
Street 550 1.5% 2.4 374
Tc Total: 10.28
Intensity, I (inches/hr} from Fig 6-5
15
4.1 infhr
PEAK FLOW: Q-CIA in cfs
Q5

1.8 cfs

% AREA
84.21%
15.79%

0.00%
0.00%

100%

100

6.8 infhr

Q100

3.5 ¢fs



HYDROLOGY

RATIONAL METHQDOLOGY
PROJECT: Tutt Bivd Expansion
BASIN: 4
AREA: 512
SOIL TYPE: D

RUNOFF COEFFICIENT, C
ZONE/DEVELOPMENT TYPE AREA Cs C100
Streets/Bldgs 0.00 0.80 0.95
Open Space 512 0.15 0.50

0 0.90 0.95

0 0.00 0.00

5.12
COMPOSITE: Ch= 0.15 C100= 0.50
TiME OF CONCENTRATION: Tc In Minutes:
Travel Type L s % v5 (fps)  Tc{5 year)
Overland 100 5.0% 10.08
Street g 1.5% 24 .00
Tc Totai: 10.08
Intensity, [ {inches/hr) from Fig 6-5
5
4.1 in/hr
PEAK FLOW: Q-ClIA in cfs
Q5

3.2 cfs

% AREA
0.00%
100.00%
0.00%
0.00%

100%

1100

6.9 infhr

Q100

17.7 cfs



HYDROLOGY

RATIONAL METHODOLOGY
PROJECT: Tuit Bivd Expansion
BASIN: 5
AREA: 1.96
SOIL TYPE: D

RUNOFF COEFFICIENT, G
ZONE/DEVELOPMENT TYPE AREA C5 €100
Streets/Bidgs 0.00 0.80 0.95
QOpen Space 1.96 0.15 0.50

0 0.90 0.95

0 0.00 0.00

1.96
COMPOSITE: Ch= 0.15 C100= 0.50
TIME OF CONCENTRATION: Tc In Minutes:
Travel Type L s % v {fps)  Tc (6 year)
Overland 100 10.0% 8.02
Street 0 2.0% 2.8 0.00
Te Total: 8.02
Intensity, | (inches/hr) from Fig 6-5
i5
4.5 infhr
PEAK FLOW: Q-CiA in cfs
Qs

1.3 cfs

% AREA
0.00%
100.00%
0.00%
0.00%

100%

1100

7.5 infhr

Q100

7.3 cfs



HYDROLOGY

RATIONAL METHODOLOGY
PROJECT: Tutt Blvd Expansion
BASIN: Basin 08-2
AREA; 2.26
SOIL TYPE: D

RUNOQFF COEFFICIENT, C

ZONE/DEVELOPMENT TYPE AREA C5 C100
Streets/Bldgs 1.23 0.80 0.96
Open Space 0.58 0.15 0.50
Lots 0.45 0.49 0.65
0 0.00 0.00
2.26
COMPOSITE: C5= 0.63 C100= 0.78

TIME OF CONCENTRATION: Te In Minutes:

Travel Type kL 5% vb (fps)  Tc (5 year)

Overland 30 3.0% 6.54

Street 2150 2.5% 3.2 11.33
Te Total: 17.87

Intensity, | {inches/hr) from Fig 6-5
15
3.3 inhr
PEAK FLOW: Q-ClA in cfs
Q5

4.6 cfs

% AREA
54.42%
25.66%
18.91%

0.00%

100%

Hoo

5.5 infhr

Q100

9.6 cfs



HYDROLOGY

RATIONAL METHODOLOGY

PROJECT: Tutt Bivd Expansion

BASIN: Basin 08-3

AREA: 0.53

SOIL TYPE: D
RUNOFF COEFFICIENT, C
ZONEDEVELOPMENT TYPE AREA Cs C100
Streets/Bldgs 0.42 0.80 0.96
Open Space 0.11 0.15 0.50
Lots 0 0.49 0.65
0 0.00 0.00
0.53

COMPOSITE: Ch= 074 C100= 0.86

TIME OF CONCENTRATION: Te In Minutes:

Travel Type L 5% vb (fps} Tc (5 year}

Overland 20 3.0% 5.34

Street 800 2.5% 3.2 4,22
Tc Total: 9.55

Intensity, | (inchesihr) from Fig 6-5
5
. 42infr
PEAK FLOW: Q-ClAincfs
Q5

1.7 cfs

% AREA
79.25%
20.75%

0.00%
0.00%

100%

1100

7.0 infhr

Q160

3.2 cfs



Tutt Boulevard Filing No. 4, Woudman Road 1o Cowpoke Road
PreliminanyFinal Drainage Repori April 2003

The 3.48 acres site will be drained by a proposed 24" storm sewer extended to the site. Peak
stormwater flows will be Q(5)=8.7 cfs and Q(100)=17.8 cfs. The 24" storm sewer will also
provide an overflow relief for the site. The 24™ storm sewer will ensure that the system will not
become surcharged when the maximum overflow rates are discharged. Runoff from this area
will be directed to Design Point 1 1.

Design Point 11 has been used to size the storm sewer within Tutt Boulevard. Runoff from
upstream sub-basins D23 and D22 will combine within a proposed 30™ RCP storm sewer. Peak
runoff rates have been calculated as Q(5)=23.3 cfs and Q(100)=47.4 cfs.

Design Point 12 will combine flows from Design Point 11 and sub-basin D21. The trunk storm
sewer at this point will remain as a 30" RCP conveying peak flows of Q(5)=25.8 cfs and
Q(100)=52.4 cfs.

Design Point 13 will combine peak stonnwater runoff rates from Design Point 12 and sub-basin
D20 and D24. The runoff rates for the minor and major storm events have been calculated as
Q(5)=92.6 cfs and Q(100)=194.1 ¢fs. A proposed 54" RCP storm sewer will convey flows to the
north to Design Point 14,

Design Point 14 will combine flows from Design Points 12 and 13 and sub-basins D30 and D31.
The routed peak runoff rates within the proposed 54" RCP storm sewer at this point are
Q(5)=120.6 cfs and Q(100)=249.8 cfs.

Sub-basin D23 will be comprised of 6.27 acres of future commercial development. Peak runoff
rates for this area are Q(5)=15.4 cfs and Q(100)=31.4 cfs. Flows will be directed to a proposed
30™ RCP stub-out at Tutt Boulevard. Flows will travel downstream to Design Point 11.

Sub-basin D24 is comprised of 17.94 acres of future commercial development. Peak runoff rates
for this area are Q(5)=37.8 cfs and Q(100)=76.9 cfs. Runoff from this area will have to be
directed to the north to Sorpressa Lane. The elevation changes across the site in relationship to
Tutt Boulevard makes discharging storm water to the storm system in Tutt prohibitive. This area
will have to extend the stormwater infrastructure to the site utilizing existing or proposed utility
corridors.

Sub-basin D30 is 2.55 acres of Tutt Boulevard. Peak runoff rates for this area will be Q{51=59
cfs and Q{100)=11.9 cfs. Flows will be conveved to a proposed 10" City standard D10R sump
inlet at the intersection of Tutt Boulevard and Sorpressa Lane.

Sub-basin D31 consists of 3.81 acres of proposed roadway. Peak flows of Q(5)=8.8 cfs and
Q(100)=17.8 cfs will be directed to a 10" City standard D10R flow-by inlet. The inlet will
capture Q(3)=3.5 cfs and Q(100)=9.8 cfs of flow. The remaining flows will travel to a propesed
10" inlet at Design Point 13,

Sub-basin D32 is 1.72 acres of Tutt Boulevard. Runotf trom this area will travel to a proposed
15" City Standard DIOR sump inlet at Cowpoke road. The inlet will capture the peak flows of

Page 11
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Tutr Bonlevard Filing No. 4. Hoodman Road to Cowpoke Road
PreliminarviFinal Drainage Reporr L April 263

Q(5)=4.3 cfs and Q(100)=8.8 cfs from sub-basin D32 as well as flows from sub-basin D40 at
Design Poini 16.

Sub-basin D33 is 1.61 acres of proposed roadway generating flows of Q(5)=4.0 cfs and
Q(100)=8.2 cfs. Runoff will be directed to the north via curb and gutter to a proposed 15° City
Standard DI0R inlet. Flows from sub-basin D31 will enter the sump inlet at Design Point 15.

At Design Point 15, runoff from sub-basin D31, D33, and D35 will be combined for a fotal
routed flow of Q(5)=7.5 cfs and Q(100)=16.6 cfs. The sub-basin area is comprised of the
westemn half of Tutt Boulevard. Runoff will be collected by a proposed 10" D1OR sump inlet.

Sub-basin D34 will capture the future flows north of Cowpoke Road along Tutt Boulevard. A
preliminary design has been completed north of Cottonwood Creek, including an alignment for a
proposed bridge to span the creek. Runoff from the 1.27 acre sub-basin will flow to a proposed
5" DIOR sump iniet and be conveved downstream to the proposed 347 RCP trunk sewer. Peak
runoff rates for this area are Q(3)=3.5 cfs and Q(100)=7.1 cfs.

Sub-basin D35 will also capture the future flows from Tutt Boulevard notth of Cowpoke Road.
Runoff rates of Q(5)=2.1 cfs and Q(100)=4.3 cfs will be generated by the 0.78 acre basin.
Stormwater will combine with flows from the south from sub-basins D31 and D33. A proposed
10" DIOR sump inlet will capture the flows.

Sub-basin D40 comprises 5.38 acres of residential development adjacent to the proposed
Powerwood development. Runoff from this area of Q(5)=11.6 cfs and Q(100)=24.1 cfs will
sheet flow across lawns and landscaping prior to entering the roadway. Stormwater from sub-
basin D32 and D40 will combine at Design Point 16 and enter a proposed 15° City Standard
D10R sump inlet.

At Design Point 16, surface flows at the proposed 15" inlet have been calculated as QU5)=15.7 cfs
and Q(100)=32.3 cfs. Runoff will be conveyed to Design Point |7 and combine with the
upstream storm sewer {lows.

Design Point 17 will have routed flows of Q(3)=132.1 cfs and QUICM=2744 cfs will be
conveyed to Cottonwood Creek via a proposed 34" RCP. At the outfall point. a headwali and
proposed large diameter riprap will protect the existing channel banks and provide energy
dissipation.

Pyge 12
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STREET AND INLET HYDRAULICS

Version 4.05 Released March 2017
Urban Drainage and Flood Control District
Denver, Colorado

Purpose; This workbook can be used to size & variety of infets basad on ajlowabie sproad and depth
in a street or swale.

Content: The workbook consists of the following worksheets:

Q-Peak The Q-Peak sheet calcutates the peak discharge for the inlet tributary area based on the Rational Method for the
minor and major storm events. Allernatively, the user can enter a known flow. Information from this sheetis then
exported to the Infef Management sheet,

Intet Managetment The Inlst Management sheet imports information fram the Q-Pesak sheet and /nfet [#] sheets and can be used io
connect infets In series so that bypass flow from an upstrear inlet is added to flow calculated for the next downstream
intet. This sheet can also be used to modify design infarmation from the Q-peak sheet.

Intet [#] infot [#] sheets are created each time the user exports information from the Q-Peak sheet to the Infef Management
sheet. The /nfet [#] sheels calculate allowable half-street capacity based on allowable depth and alfowable spread for
the minor and major storm events, This is also where the user selects an inlet type and calcilates the capacity of that
intet.

Inlet Pictures The inlet Pictures sheet contains a library of photegraphs of the various types of infets contained in UD-inlet and
referenced in the USDCM.

Acknowledgements:  Spreadsheet Development Team:
Dr. James C.Y. Guo, P.E.
Professor, Depaniment of Civil Engineering, University of Colorado ai Denver
Ken A, MacKenzie, P.E., Chris Carandang
Urban Drainage and Flood Contrel District
Derek N, Rapp, P.E.
Peak Stormwater Engineering, LLC

Comments? Direct all comments regarding this spreadsheet workbaok lo; UDFCO emait
Revisions? Check for revised versians of this or any olher workbook at: Downloads

17023 UD-Inlet_v4.05 (1) xism, tINTRO 6/30/2018, 5:10 PM



Versjon 4.0 Released March 2017
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Vorsion 4.05 Refeased #arch 2017

g ALLOWABLE CAPACITY FOR ONE-HALF OF STREET {Minor & Major Storm) E
{Based on Regulated Criteriy for Maximum Allowable Flow Depth and Sproad}
Project: Tutt Bowievared Extonsion
irtlet iD: Iniet 1.2
i T, 2

Guitsr Geomelry (Enter dala in the blug calls]

b aximium Alicwabla Widih for Spread Behind Curp Tancs = 50 i

Sida Slope Behind Curb (leave biank for na conveyanice eradit behingd curb) Bray = D020 i
Hinring's Roughness Behind Curb (typically between 0 012 and 6020} Tgack G020

Heght of Curh st Gutler Flow Ling Hegong = §.06 o
Zistanee from Curb Face ta Sieest Crown Yesiowm = 180 1t
Grslies Widlh W= 308 i3
Srest Trensverse Sloge Syw 0.620 )
Gutter Cross Stopd (typically 2 inches ovar 24 inches ar 0 283 iR} S v 083 firkt
Sireal Longitudinal Stope - Enter O for sump condiion Bge EXE] i
Wannmy's Raughress for Street Seclion {iygicatly between 0012 and G 020} Mstreer # 0818

Hiror Storm Masor Sl

M. Alfowabie Spread for Minor & Malor Sleom T =f 120 1 180 0
Max Allowable Dagih al Gutier Flowling fer Miner & Major Stomn Snz ¥ 80 | [T [enches
(Attow Flow Deplh at Street Crown (teave blank for ao) i check = yos
HNOR STORM Affewable Capaciy is based on Spresd Critenon Minae Stern Major Slarm
MAJOR STORM Allowsble Capacity is based on Spruad Criterion Qo = 7.4 T 1.0 lets

Minge storm max. allowabls eapacity GOOD - greater than the design fow given on sheat Indet Mansgement’

[Eafor atarm as. ailowabia capacity GOON - greater than the tesipn flow piven on sheet Inkat Barsgomant'
{iajor atarm mmax. ailgwabie tap, Al gol n@tt

17023 UD-Infet_v4 05 (1) xlsm_ Intad 1-2 530/2018, 5:10PM



INLET ON A CONTINUOUS GRADE

F e t - 1 {5 B

Versian 4.05 Reoleased March 2017

iBesinn tnfarmation {inpull

MINCOR

MaJOR

Type of inlnt Type « Lelocadn Sprngs S00-R
jLocat Deprassi deitiogal 1o 15 gutfer deprossion @’y Ao = 4.0 inches
Tetzt Number of Units in the Intat (Grate or Curb Oponing) No= 1
Length of a Single Unit Inted {Gratg or Curb Opening) L= 1400 ft
"sith of 2 Unil Grale {cannol be greater ian W, Guiter Width) W, = WA o, it
Clguing Factor i a Single Unit Grate (tygical min, walue = 0 5} = NA NiA
%ﬂ'ﬂg Factor for 3 $impde Unil Curt Opening fyrcal min valea = €11 Cols = 016 .10
{Stree) Hytraulies: OK . (3 = Allowahbie Sirpey Capacity’ HINOR MAIOR
Tatal [nlet Interception Capacity a= b3 123 cfs
Fatal Inlet Carry-Over Plow {flow bypasasing inlet) Q= .8 2.7 ofs
’Cigwm Pefeentige = 0JQ, = L = 00 52 %

$7023 UD-intal_v4 05 {1) xlsm, Jntet 1-2

S8, 5:10 M



Project:
Intet iD:

Versian 4.05 Relegsed Maech 2047
kbR

ﬁ ALLOWABLE CAPACITY FOR ONE-HALF OF STREET {Minor & Major Starm)

{Based on Regulated Crilerfa Tor Maximum Allowable ﬁow Depth and Spreag)

Tutt Boulavared Extension

Existing Wost 10 Fool

-

fGuttor Grometey [Enter gata in the biys goits)

axinum Allowable Width for Spresd Behind Curb
Side Stope Behind Curk: (leave blank for o conveyance credil behing cuth}
Naang's Roughnass Sehind Curb (lypically between 0,012 $nd 0 020)

Hergil of Curb al Gudter Flew Line

Sistaricy frem Curb Face Jo Street Crewn

Gaiiter Wdis

Stranl Transversa Slepe

[Guser Cross Slope fypically 2 inches ovor 24 inches or G083 fin

Streat Longiludinel Stope - Enter @ for sump canditisn

Manning's Roughness for Street Secijon (typically batwess 0,012 and 0 0z

dav. Alowabir Spresd for Minos & Major Stom
Hav. Allowralie Depth at Gulter Fiwine for Minor & Major Starm
[Cheek boxes are not applicabie in SUMP cordilions

IMINDR STORM Allawable Capacity i€ based on Deptls Criterion
MAJGR STORM Allowable Capscily Is based &n Depth Criterion

Taszk = 50 1l
=x = $.020 it
Fraacy = 0.620
Heim @ 8.00 mchen
Tenown = 180 1
= 306 Al
Su= 0.02¢ 4
S {083 i
Sa= 0.000 tuft
Astacer ¥ 0.018
Kinar Staren Major Slorm
T 2 20 ] 189 ]
sy = G0 i 89 Jorames
Minor Steem K ajor Stom
Qowe=f SUMP | SUNP  Jels

17023 Uid-inist_vd 65 {1) xtsm, Existing West nfat (10}

6/302018, 5:10 P



! INLET IN A SUMP OR SAG LOGATION

Version 4.65 Released March 2017

-

Lo {C) oy

Design Information finput) T — MINOR AAIOH
ype of Inle) i Golorada Spring R Type 2 Calorade Springs D-10-R
Local Depression (addilianal lo ' gulier gepression s’ froms abave) Bz = € 00 atehes
Wrmber af Unit Inlats (Grate or Such Gpening} No= 1
Wéaler Daplh al Flowdine {outside of fogal deprassicn; Panding Depth = L1 T2 Egatid
Geale Infermation MINCR MACH ¥ Cwemide Depths
Leagth of a Unit Grals L. (G} = [ : eral
Fidth of a Unif Grate W= Win LI
Aserz Opening Ratie for a Grale (typicat vatues 0.15-0 £0) A NIA S
Clogting Feclor for a Singla Grato (ypital vatue O 50 - 3 70} Gy NiA NIA
[Grasz Weir Coefficient (typical valua 2 15 - 360) C, (&= NIA =
{Graye Orifice Coeticiant (typical valug 568 . 0 any C.(Gy = MNiA tol
iCurh Qpaning Information MHiGR HAICR
Lengin of a Unit Curh Opening [ ] 10.08 R freel
Hiight of Vartical Curth Opening in tnches Hopes = 809 inckes
Height of Curb Qrifios Throat in Inches Hinrear = 800 R nehigs
rargie of Throal {sen USOOM Figure ST-5) Thain = 8160 T degross
Sice Widin for Deprossian Pan (typicaliy the gudter widits of 2 et} Wy = 300 O 1eat
Clopaiing £ aclor for 2 Single Curd Dpening (typical vaia 8 15 SiC)= 018 a.10
{Cueh Dpaning Weir Coefficient (bysical value 2 337 Ca (G} &8 <
Surts Opening Qrifice Coefficient {ypicat vaiue D 60 - 8.70} Gy = aa67
Low Hpad Perfermancy Reduttion {Caleulated} MINQR MAJGE,
Cegth for Gralo Midwidth g = WA NiA i
Dopths for Curb Opening Walr Equaticn e 0.8 (%] i)
Cerntinatien inlet Perlormance Reduston Faclor for Lung fnfels FF omiarinn = 0.48 58
Curh Opening Pedormance Reduction Factar far Long tnleis RFgy = 0.85 100
Grated infel Performance feduction Faclor for Lang Intzts RF gope = HiA NAA

MINOR MAJGR
Total infet interception Capacity {assumes clogged condition) Q,= 13 0.7 cfs
nlet Capacity 18 BOGH for Minor snd Major Stormaf=0 PEAR] Q pgsie preamgn # 33 107 rés

17023 UD-Inlet_va 05 (1) 15, Existing West Iiet (10

5i3012048, 5:10 PM



Version 4,05 Rofeased March 2017

g ALLOWABLE CAPACITY FOR ONE-HALF OF STREET {Minor & Major Storm) !
{Bazey on Regulated Critaria for Maximum AlOwatils Flow Depth and Sproad]
Praject: Tult Boulevared Extension
intat D indet OS2

Guttee Goornpiry (Enter dats i the Mue celin}

Mazireym Allewable Width for Spread Sshind Carb QL 54 i
Side Slope Behind Cuek {leave blank for Ac conveyanes credit behind curd) Saserc ™ 0820 1511
Maaning's Reughness Behind Curb (ypically between 0092 and 4 020} Ngacy © 0.020
Hright of Curb at Gulter Fiow Lina Hewas = 300 inches
Cistarge bom Cush Face 16 Sireel Crown Teowm = 8.0 1
Cuiter Widln W 3.00 il
Strae) Transverse Siope Sy= 0,020 RiEL
(Gatter Cross Sleps (fypicalty 2 inches aver 24 inches or (.003 R/tg Sye 2.083 r2is
Streat Lenghudinal Slope - Edler f For sump conditinn By @.020 e
tisnring's Roughness for Street Section {bypleatly batween 002 and 0 020 Pgracer Q055
Mingr Storm Kiojor Slern
M. Allowable Spread for Minar & Major Starma Toane =] 120 1 B0 in
Max Allowable Deplh al Gutter Flowline for Minor & Major Starm e ={ 69 i 2e {ihos
Alicve Flow Deplh at Streel Trown {leave blsnk for £} El cneck = yes
KENOR STORM Allowsble Capasity is based an Spresd Criterion Minar Stom. Mager Starn
IHAJOR STORM Aflowable Capacity Is based on Spresd Gritarion L. "} 8.2 I 19.6 —Icfs

Mimor storm max. aliovable capacity GOOD - greater than fhie design fow given on shest ‘Inlel Managaroans'
M:l'nr stornt sieas, sffownbis <apacity GOOD - groator than i1 design flaw yivon on sheet pfet Mansgoment

17023 UD-Iniet_v4 05 (1} xsm, Inle! 08-2 64302018, 510 PN



i INLET ON A CONTINUOUS GRADE 1

Varsion 4.05 Ruleasad March 2017

w-""'_-"‘d-
TR G
Daaign lnformation thapud)] = . - REHOR MAGR
Tyon of Inlet | Golorzda Soanas D-10-R = Typa = Corras Sprgs BITH
Locat Dagression (additional fo continuous gulles dapression 'a’) B * 40 i Hnthes
Torat Number of Unils in the inet {Grsls or Curb Opening) Np= 1 -
Longh of 2 Singte Unit intet (Grate or Cuth Qpening) i= 1060 ol i3
wViehtz of B Urit Grae (cannol ba graater han W, Gutter Width) W, = 31 id i
[Cieggrng Factar for o Single Unit Grate (typical min value = 0 5) CrG= A N/A
lcwg ing Faclod for @ Singla Unit Curb Cpermy (vmeet min ‘";‘,'gi ={.1) Cri= 018 [ L@
Straet Hydreulics: OK - G < Allowable Strest Capasity’ MINQR SMAJOR
Total Infet Interception Capacity = 46 15 ois
Tutal Intet Camry-Over Flow {flow bypansing intat} Q= 0.0 20 afs
{Capture Percentage = QJQ, = [ 5 T &

17023 UD-nted w4 05 (1) dsm, Inlet 052 673012018, 5110 PM



Prejoct:
infet 1D

Version 4.08 Roleased March 2017
Zeramenize

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

tBatod on Regulated Crileriz for Maxlmuwm Alfowalbia Flow {repth and Spread)

Tult Bonlevared Extension

Proposed 1€ Intel {East 8lde)

aﬁu;tcr Geametry {Enter daiz in the blus celis)

M Allowesble Widlh for Spread Bekind Curb

Side Slepe Behind Curb (teave blank (o7 no sanveyance credt behind cumh)
bipamngs Roughness Behind Curb {lypically between B.012 and § 028)

Heigls of Curb at Gubter Flow Lite

Céstance from Curb Face ip Streel Grown

CRuitor Widln

Sireat Transverse Slope

Kutter Cross Siope {typicaly 2 inches aver 24 inches or 0.083 ffl)

Sitreat Longitusingl Stope - Enber O for sump conditien

Manring's Roagh for Streel Secyon (ypically balween 0,012 and 6.020}

Max. Afiowable Sprsad for Minor & Major Storm
thax, Aftowabte Depil 3l Gutter Flowiine for Minor & Major Storm
Check boxes ate not applicabla in SUMP conditons

MINGR STORM Allowable Cxpacity s based on Depth Criterion
MAJOR STORM Atiowable Capacity Is basati on Depth Critarian

Toaen™ £ I
Sercx = 0020 (]
gk ™ 5 620
Heymy = 800 (1Y
Tenowen = 160 i
W= 300 1
Se= ¢ 020 Rett
Sy= G.083 it
So® 0800 [
Agrreer = Q016
Bliner Stonm Samer Stamm
Tor 3] 120 ] 160 Ji
Bz =] 60 ! [X) Imaties
Mingr Sloan Najar Storm
Quow=[  SUMF T SUME et

17923 UD-Ialel_v4 5 (1) xism, Froposed 18' {East Site)

83002018, 5110 PM



I INLET IN A SUMP OR SAG LOCATION

Version 4.05 Relessed March 2017

Design nformation (input) R : MINOR MAJOR

ot of el i Colerado Springs D-10-R =l Type = iy S OO R

l.eeal Dapy inn {sddilional lo k guer dep fon 'a" from abave) Hp 400 HE inchas
Humber of Uit lalels (Grate ar Cwsh Opening) No = 1

Aater Depth at Fiowlina {oulside of local dapressien) Fanging Depth = 54 7.1 inches
Grate Information RINGR MAJOR W Onwerride Depths
Length of a Unit Grale Lo (Gl = A LA Tl
[wadth of 3 Unit Grale Wy = A taui
~rew Opening Ralfo for a Grate (typical values 0.15-G 99) A T NiA .

Clogging Pacier far a Singls Grate {lypizal valus £ 50 - 0 70) C Gy = NIA NiA

Geaby Wi Coefficient {typical vakse 2 15 - 3.60) Cy G+ NiA R

Grate Orifice Coelficient (iypicat vaiue ¢ 60 - 0 80) Co )= MZA

Cuth Opening nfarmaticn RUNCR

Length of a Unit Curh Qpening L(Ci= 1600 Hoal
Firight of Vestical Curd Opsning in Inchas Hun = &8 ghes
Hyight of Corb Onifice Throat in inches Hacron ang nehes
Argie of Throat (see USDCM Figure $T-57 Theta= £5.00 degress
[isic Widih for Depeassion Pan (fypically the gulter widih of 7 feet} W, e 1.00 L {nat
Clagigng Factor for 2 Single Curb Opening {typical vaiue 6 10} GiCy= [XE 0t

ur; Opaning Weir Coethicient [typical valkie 2 3-37) C.{C) = 360 s

Curt Ogening Onfice Coaffirent (fypicet vaive 0.60 - 0.70} G, 4C) = 057 N

Low Head Performange Reduction [Catculsted) BHUNGR MAOR

Duapin for Grale Midwicth B # it MNiA R
Dapth far Curly Opening YWeir Equalion Chee, # 220 0.34 il
Gambinazon inlet Perfermance Heduction Facler for Long inlets RE crqiprasion ™ FES] 08?7

Curn Qpaning Performance Reducion Fattor for Long Intels RFeye = 975 085

Erated inlat Performance Reduclion Factor for Long Infets RF G ™ MNIA NIA

MINOR MAJOR

Total Infet intercaption Capaciy (assumes clogged condition} Q= 54 12.6 fs
teiot Capacity IS GOOO Tor Minoe and Eajoc Stormis(>0 PEAR) O ens mpmussy = 51 128 et

17023 UD-Inlst_v4 85 {1} xism, Praposed 16' {Zast Side)

812012018, S10PM
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APPENDIX F

TUTT BOULEVARD WATER QUALITY BASIN DESIGN CALCULATIONS

17043 fdr Kiowa Engineering Corporation



Extended Detention Basin (JEDB)

Table EDB-4. EDB component criferia

¥

] ¥ v
OnSUCEDBS | yypswith | EDBswith | EDBswith | EDBswil
Watersheds Watersheds Watersheds Watersheds
Watersheds
up to 1 between 1 and up fo 5 over § over 2
I . 2 Impervious Impervious Impervious Irmpervious
mpervious Acres! A Acres Ae
Acre! cres cres e res
L
Release 2% of | Release 2% of | Release 2% of | Loiease 2hof
f . . the undetained
the undetained | the undetained | the undetained 100-vear neak
Forebay 100-year peak | 100-year peak | 100-year peak di cjﬁa f b
Release and discharge by discharge by discharge by fya rogfa y
Configuration way of a way of a way of a Y
- wall/notchor
wall/notch wall/notch wall/notch .7
configuration | configoration | configuration berm/pipe
configuration
o EDBs should
Miniomm | notboused | o of the 2% of the 3% of the 3% of tie
e o for WQCV wQev WQCV WQCy
olume ‘watersheds
v with less than
aximum : ; . . . .
Forebay Depth 1 1m§;1:10us 12 inches 18 inches 18 inches 30 inches
> the > the > the = the
Trickle maximum maximum maximum maximum
Channel possible possible possible possible
Capacity . forebay outlet | forebay ontlet | forebay outlet | forebay oullet
capacity capacity tapacity capacity
Micropool |Area> 10 | Area> 10f | Area>10f" | Area> 10f°
Initial Depthz 4in. | Depih> 4in.
Surcharge Df.’pﬂ?]z 4 D{?p g;ls 4 Volume > Volume?
Volume nehes mehes 0.3% WQCV | 0.3% WQCv

' EDBs are not recommended for sites with less than 2 impervious acres. Consider a sand filter or rain

parden,

? Round up fo the first standard pipe size {minimum 8 inches).

EDB-12 -

Urban Drainage and Flood Controt District
Urban Storm Drainage Criteria Manual Volume 3

November 2015
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Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)

Project: Cottonwood Creek PR-2 WQ Basin

Basin ID: Water Quality Storage Design

Stage (ft) Zone Volume (ac-ft) Outlet Type
Zone 1 (WQCV) 234 0.165 Orifice Plate
Io:n'::.:' Zone Z (EURV) 4.36 0.373 Orifice Plate
Zone 3
E ple Zone Confi tion (Retention Pond) 0.538 Total

User Input: Orifice at Underdrain Outlet {typically used to drain WQCV in a Filtration BMP)

Underdrain Orifice Invert Depth =
Underdrain Orifice Diameter =

N/A
N/A

ft [distance below the filtration media surface)

inches

Calculated Parameters for Underdrain

Underdrain Orifice Area =

N/A

!

Underdrain Orifice Centroid = feet

User Input: Orifice Plate with one or more crifices or Elliptical Slat Weir (typically used to drain WQCV and/or EURV In a sedimentation BMP)

Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 7.569E-03 ft!
Depth at top of Zone using Orifice Plate = 4.36 ft (relative to basin bottom at Stage = O ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 17.40 inches : Elliptical Slot Centroid = NfA feet
Qrifice Plate: Orifice Area per Row = 1.09 sq. inches (diameter = 1-3/16 inches) Elliptical Slot Area = N/A ft?
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 {required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (opfional) Row 6 (optional) Row 7 (optional) Row 8 (optional)
Stage of Orifice Centroid (ft) 0.00 1.45 2.91
Orifice Area (sq. inches) 1.09 1.09 1.09
Row 9 (optional) | Row 10 (optional) | Row 11 Row 12 (optional) | Row 13 (oplional) | Row 14 (optional) | Row 15 (option; Row 16 (optional) |
Stage of Orifice Centroid (ft)
Orifice Area (sq. inches)
User Input: Vertical Orifice (Circular or Rec ) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = ft?
Depth at top of Zone using Vertical Orifice = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = feet
Vertical Orifice Diameter = inches
User Input: Overflow Weir {Dropbox) and Grate (Fiat or Sloped) Calculated Parameters for Overflow Weir
Not Selected Not Selected Not Selected Not Selected
Overflow Weir Front Edge Height, Ho = ft {relative 10 basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = feet
Overflow Weir Front Edge Length = feet QOver Flow Weir Slope Length = feet
Overflow Weir Slope = H:V (enter zero for fiat grate) Grate Open Area / 100-yr Orifice Area = should be >4
Horiz. Length of Weir Sides = feet Overflow Grate Open Area w/o Debris = it
Overflow Grate Open Area % = %, grate open area/total area Overflow Grate Open Area w/ Debris = it

Debris Clogging % =

%

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice)

Not Selected

Not Selected

Depth to Invert of Qutlet Pipe =

Circular Orifice Diameter =

ft {distance below basin bottom at Stage =0 f1)

inches

Calculated Parameters for Outlet Pipe w/

Flow Restriction Plate

Not Selected Not Selected
Qutlet Orifice Area = ft
Qutlet Orifice Centroid = feet
Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal)

Spillway Invert Stage=

ft {relative to basin bottom at Stage = 0 ft)

Calculated Parameters for Spillway

Spillway Crest Length =

feet

Spillway End Slopes =

H:V

Freeboard above Max Water Surface =

feet

Spillway Design Flow Depth= feet
Stage at Top of Freeboard = feet
Basin Area at Top of Freeboard = acres

Routed Hydrograph Results

Design Storm Return Period = wacv EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 119 1.50 175 2.00 2.25 2.52 3.20
Calculated Runoff Volume (acre-fl) = 0.165 0.538 0.454 0.597 0.741 0.906 1.031 1.197 1,580
OPTIONAL Override Runoff Volume (acre-ft) =
Inflow Hydrograph Volume (acre-ft) = 0.164 0.537 0.453 0.596 0.740 0.904 1.030 1.195 1.578
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.16 0.54 0.75 1.02 1.54
Predevelopment Peak Q (cfs) = 0.0 0.0 0.1 0.1 1.0 33 4.6 6.2 9.4
Peak Inflow Q (cfs) = 23 7.5 6.3 8.3 10.3 12.6 14.3 16.6 21.8
Peak Outflow Q (cfs) = 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Ratio Peak Oulflow to Predevelopment Q = N/A N/A N/A 18 0.2 0.1 0.0 0.0 0.0
Struclure Controlling Flow = Plate Plate Plate Plate Plate N/A N/A N/A N/A
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time to Drain 97% of Inflow Volume (hours) =| 38 67 62 70 77 84 90 98 115
Time to Drain 99% of Inflow Volume {hours) =| 40 71 66 75 83 91 98 106 126
Maximum Ponding Depth (ft) = 2.22 4.22 3.85 a.47 5.00 5.50 5.50 5.50 5.50
Area at Maximum Ponding Depth (acres) = 0.13 0.23 0.21 0.24 0.27 0.30 0.30 0.30 0.30
Maximum Volume Stored (acre-fi) = 0.149 0.505 0.424 0.562 0.702 0.847 0.847 0.847 0.847




Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
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City of Calorado Springs
Cottonwood PR2 WQ Basin
Volume Calculation

Area Area Avg. ncremental Cumulative
Stage  Elevation sq. ft. Acres Area  Increment Volume Volume
0 78.5 0 0.00
0.05 1.5 0.07 0.07
1.5 80 4,069 0.09
0.14 2 0.28 0.35
35 82 8,306 0.19
0.22 1 0.22 0.57
4.5 83 10,669 0.24
0.27 1 027 0.85
5.5 84 13257 0.30

Kiowa Engineering Corporation

Project No. 13064
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[7043 Detention Calcs

i Safety Grate - -'I_"y.pé:c'}_f Gr_até RVa}ue S Out!etl):ameteror = MmlmumGross
‘Grate T F BRI R S oot 5 Total OQutletf _
.7 jor Trash Rack| “(see below) - < Min Dimension 0 e n g DUl Grate Area =
e ) : ’I‘able Userlnput s Orifice Area e L g R

Gl Trash WS 0.60 0.3-in 0.0203sf 37.49 1.27sf

G2 Safety Other N/A 0.70 54.0-in 15.90sf 4.00 90.86sf

A/ A, = Ratio of Total Grate Open Area to Total Qutlet Area (taken from UDSCM Fig 05-1: Trash Rack Sizing)
A, = Total Grate Open Arex (R-Value x Grate Area) (Example: 1'Wx6'H Well Screen=1'x6'x0.60=3.6ft2}
A4 = Total Outler Area (Example: If orifice plate includes 3-1"dia holes Am=2.356in220.916ft2]
Safety Grate: A, / A = 77e ***** - (Outlet Diameter or Minimum Dimension less than 24-inches)

Trash Rack: A, / Ag = 38.5¢ **" (Qutlet Diameter or Minimum Dimension less than 24-inches)

Outlet Diameter is orifice plate hole size of pipe out of structure

Minimum Gross Grate Area: Calculated from outside dimension of grate
R Value = Net Open Area/ Gross Rack Area

Type of Graté : “Abbreviation | R-Valie
Bar Grate 2" Q. C Cross Rods BG?2 0.71
Bar Grate 4" 0.C. Cross Rods BG4 0.77
Well Screen WS 0.60
Other Other

Grate G1: 1.27 sf / 3" high = 0.127 ft (1.5 in). Use 8" wide opening to match opening needed for WQ plate.

Grate G2: 90.86 sf / 10" wide opening = 9.09 ft (9' - 1"} min. for length. However, use 4'-0" length to satisfy maximum
velocity through grate requirement (see Major Storm Grate Conditions calculations).

17043 Detention Cales  Tutt WG - Trash Rack Size
Date Printed: 6/12/2019

Kiowa Enginsering Corporation
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Page 1 17043 Detention Calcs
Tutt Water Quality Earthwork
Elevation :Area {A) Avg Area Volume. - Depth Lumulative Volume . Elev,
6878.5 16sf 00 ft Ocf 0.00ac-ft 6878.5
6880 4,069sf 2,043sf 3,064cf 151t 3,064cf €.07ac-ft 6880
6881 6,300sf 5,185sf 5,185¢f 251t 8,248¢cf 0.19ac-ft 6881
6882 8.306sf 7.303sf 7.303cf 354t 15,551cf 0.36ac-ft 6882
6883 10,669sf  9,488sf 9,488¢cf 454 25,039¢f 0.57ac-ft 6883
6884 13,257sf  11,963sf  11,963cf 558 37,002cf 0.85ac-ft 6884
6885 16,500sf  14,879sf  14,879cf 6.5 ft 51,880ct 1.19ac-ft 6885
Average End Area Formula: V = {A1+A2)/2 x Elev Difference
WQCV = 7,187 f 0.17 ac-ft | 688085 ft
EURV = 23435cf 0.54ac-ft | 688287 ft
100yr Volume = 35,719 cf 082 acft | 688391 ft
Spiltway Crest = 51858 ¢f 119 ac-ft | 6882.10 £t
Spillway 100yr Fiow Depth = 51,864 cf 119 ac-ft | 688285 ft
Spillway Freeboard Depth =[ 1.15ft
Top of Embankment = 51,873 ¢f 119 ac-ft | 6884.00 ft
Emergency Spiliway Calculation
Détent.iun_. | 100-3;1-' 12.0% . W&téf-_-;. ST :_ {Irest EEE .. R _:-: ? e _"_{Zal(.':':d” |
‘Area | Flow ' {100yr Flow|SurfElev| " IV pongyy | A0#d) | FlowDepth) g
Tutt 50.5 cfs 60.6 ¢fs §6884.00( 6883.0 20.0 ft 2.63 1.00 fi 715 cfs

Weir Equation:
Q= CLH" + CH¥* tan (d/2)
€ = Weir coefficient {dimensionless}, C = 3.0 (most cases)

L = Length of weir at Crest, in ft. Not including sideslopes,
Qutlet Stract Capacity = inlet Capacity Calculation at the depth to the spillway crest plus flow depth.

17043 Detention Cales

Tutt WA - Det Volume
Date Printed: 6/12/20183

Kiowa

H = Depth of flow over the crest, in f

d = Angle of triangle weir portion (radians)
d = 2.63 radians for 4:1 side slope
d = 2.49 radians for 3:1 side slope

Engineering Corporation



- 20
" STA 445242 - 6.
54" RCP FES

. IN¥=648 '.68 -

_SEEDETAIL *

"THIS SHEET. 774

egasz
8t

B
i
i

(]
]

R e
L)

43 B S M ang 11 dugpQier 73, 3013

—
=
A Y s
B L fom]
§ CAUTION 8 .
|| Exsas ummes 10 ge esorecteo o | 31T o Al
: DISTWBW-E mﬂmuu? ROAOmAY, |1 E nErf:li.s"mzs SHEET
i H * 12 RAEI:J ACCESS,
; e Y SEE DETAIL SHEET 2
. L SEWER PLAR AND
2 Al - T 2
‘ ; GPENINGRETWEEN 4 NEW 14 D108 BLVD. EXTENSION - 5 s e oc. _.__m_
H H i B . 4 - - . —
SSTORY. SEWER JUNCTION BOX o S 1706 : A Y J
(WITH WANHOLE. COVER SEE DETALSHY 16, g UTETSTRUCTURE Ry C
10 BE REMOVED . 7 T I &= ?EE%EMLSHT:& —i = +b
‘X L i Ewpidr O 5 7 e [ 85 K i = / CONCRETE TRICKLE CHANNEL
Vo L EBMsegy : & E;'.‘%"SE:{,O/ = // 4:1; ;’;; N o e
T : : L EX10°D1IR L . 7 2
Pl S — = & AN —_ LONCTRICKIE CRARNEL RS AN o b
%L;—I{f K EHEM?VED U= EL‘ T‘O“mli_s o 1450 54" RCPELTY 2e50p_ OFF BETAR THISSHEET. 2100 A fooPTSS02 . 7 RESIRANED JOINT
: ) — [ o Hmm‘( 10 ; . ao“——l
1 { Lot g TS STA 3+20.61 CITY ST, TYPE : . 7 7
Icp RS T ;;:N Boxﬂuﬁs{ﬁ;&ﬂ 671D, ! _— — / / / i
: A 100 CITY STD. TYPE 1 50X BASE MH ‘ DUTURE § SIDEWALK (NIO) . 'M—“—f‘—‘"—dﬁfmfﬁm L D) T SOIL CEMENT
154" : R 1TOTYPES (/0
EX 18" RCP TO BE WATER QUALITY BASIN PLAN TYPHEVK/L‘ |
REMOVED, PROVIDE Q o — L /;°$ STORM SEWER QUTLET
. S ' =
. =] o = - :
6590 L B
690 - R T BEEw e 6830 PR 5890
v ROy e e T e e e frr) [ @ = n® : FOREBAY
: Hze¥s al & AFES SEE DETAL
Ehok Bl CJdEE :
Co o ;v gy o B .
. N~ %) dhak : . 100 YR WS
6885 .. Bl e O N P S S - S 6885
| Ei] " et
B 24" ep N B IF g7 e
. VT G ]
6680 i SR G880 . o e 5880
- . 100 R ws _ <ol FDR CONTINUATION OF - ‘o Z : T :
. = R PROFILE, SEE TUTT = G . L.CONCRETE
: BLYD. EXTENSION PLANS. b ] ©TRICKLE
: s z _ £ * CHANNEL
Ao § BBYS o S T LLnl i eETs -
by 5 - : L ~ TUTT BLVD. STORM SEWER PROFILE
wo . ha 547 STORM SEWER PROFILE e
> W qRagg’ TR S SO :
L E Y R e w| - 20 M . L
o o . : : Be ~gsymws . ]
6865 . ... w0 _ 200 . 2 z _ cans U
Lo STORM SEWER COORDINATES . : S : TRACER WIRE 10 BE ; ‘g 1 8 TR
PT.NO. N : ELEV. oo s : I : Pnggancr?mm ALl STORM G| Ma i i at
o : Co | s QY 57D, wal Tl T X
5850 SS101  9327.3407 24838.1084 - LBETALS, ' 3 so50 | A g7 s
e N I 3T 7] 8198.6357 24841.7723 e e &; .IJ_')Z A 2 ol : 1 J
$5103  §199.3521 24621.1500 i o o / R N Vg K TYPE L
; o - ‘PROPERLY COMPACTED L T © SOIL/RiPRAP
wass o ; L L e S : L ks PR EMBARKKENT MATERWE, (- e R :
& e e L . R T T BOURTN e . : L (A+00 - 6835 - . e Y
ST e T e T e s e e e D ST T L T “ e PO it SO hrkat e SN . SP!LLWAY SECTION m -
i i . ALE: £ "y34" i —
Computer File information STATEMENT: SEALE: FOR FuLL SIZE (227s30” index of Revisions P <iCSR 100% COTTONWOOD CREEK STORMWATER
Creation Dote: By T "= . Ho, Description Dote : LORA EpoSintg Cormoranty DETENTION BASIN PR-2
e THE CITY OF COLORADO SPRINGS HORIZ: 1=20  VERT: N/A COLIRADO v BIDDING
o ot b > RECOCNIZES THE DESIGNER ENGINEER . I PLANS WATER QUALITY BASIN & STORM SEWER PLAN
File Poth: AS HAVING RESPONSIBILTY FOR THE 2 Strclure: Designer:  RHW Dotz 9/15/2019
Sheet Model Nome: DESIGN. THE CITY HAS LIMITED ITS 3 Sheel Subset: Coddt  EA Dot 9/15/2018 DRAINAGE BASIN; _ COTTONWOOD CREEX BASIN
— SCOPE OF REVEW ACCORDINGLY. > 24
Wicrastalion Ver. 4 Subset. Shoals: Checker: RO Dote:  8/18/2018 JoB NO_... 17043 suesr OF.




WATER QUALITY POND CODRDINATES
E

A FTRG. N ELEV,
- CURVE DATA
WQI01 82386048 247383275 68790  INVTRICKLE CHANNEL @ e 150,00
| WQ102  §238.7190 24747.4163 687896  INV TRICKLE CHANNEL s
: WQ103 82340646 24765.5338 6B78.88 [NV TRICKLE CHANNEL arryiv
. . WO104  B211.9495 238306777 6878.69  INV TRICKLE CHANNEL @
s " ' wQ105 B235.4401 24849.1715 687860  INV TRICKLE CHANNEL R=18.00
B X P WQi06  BI37.6980 24861.1339 68784 NV TRICKLE CHANNEL Pyt
n " _ WQIO7 __ B283.4637 24853.9398 68815 TOC OUTLET STRUCTURE )
24 THICK TYPE M
TSQL/RIPRAP,
79.0 b kY
< ;
waQlez2 "\_“
/ —_ '\':“ - /f_g;):;g;fﬁ\‘i;;tg;; PLATE wi1- 3/8% X I" ANCHGR
B = \ Ty
A TRAMH RACK
T o3 ! : H . 15 15
e 10° TRANSITION FROM 6" CURR . rd ' I+ l | w
T&LERD HEAD CURB s — .‘ g é‘xz‘ss’n. ANCHOR—m _}
AN . / . e g 4
— Y ’ ,,': . : y ¥ EHILOOGD AL ; ! i I
_ S S Lo 7 T AROUND OPBHIAG FACK FACE ] J
N - - T 0
= ’ (" IRV, MICROPDOL-780 l iA mp J. f
o VU |
,,,,,, oI55
FOR FOREBAY DETAUS, % _ I : I
SEE SHEET 17. WATER QI:IALITY BASIN ;:Sggjéam}gg;”m:é&?umx&?onwmsm
e SECTION £
K% A | 1g,
12°
ﬂb(/‘ DETAL A 12"
= ] — — A 815
. : 12 | e 5" / . rmromurmsmucruaﬁals
o o :
2 §5 HOOPS . ™1 Lsee orare vems 3 — — = el - —
I mams Uy ) N {mmme {3) 1~ 37187 S HOLES (61757 080
| ToEs81.5 . pa—
b . . 1 .
m . X PROVIDE 4™ STAINLESS STEEL PLATE
e <7 DL °o ¥
Ir’—/ SIEPS. (3) Y . ")
19'~g" © —emdnie T35 T
(AN /A s '
I - 1 | [
- ki Iaa LPROVIDE GONT. 3™ WADE NEDPRENE GASKET
S ¢ 127 06 760 BOTION OF . FIDE CONT.
AT | o e ) ” T BOLT DOWN GRATE
AL CORKERS, ) .
1" EXPANSION MATERIAL - |~ T00=81.5 WATER QUALITY OUTLET PLATE s%%ﬁ'dﬁ%
= e e O I '
l8a.0 2 §5 HOOPS\, 80.0 & e S
: - @ oo § Y
10 ~
2 §5 oo DOW'E!S-—-—/ SH RACK @ > OR £ £ rrasmianes
: 0y - o - e
& . Al (HUM BARGRATE &7y
41 & a WQLV ORIFICE PLATE AND TRASH RACK
MICROPOOL P ] £ qp wacv ¢
200 - 800 B0.0 m =" B e : GRATE, 7 R
'\\‘ / - - ol g o SO, S TR
y x ] = st G
& CURE : o 7.5 8ENCH W VE  SUD, 8 _mﬁm
& 7 x4 NN, =2
Q{}\- 5" * KETWAY L 1/ P
-3 . m-
. K 5 6177 66
< / SEE DEETA?LH?HNEEELT 14 —— 66.0 f—‘; / ‘[—i 3" ounsrwitfucmﬂi
- : N DETAILA
: \_la' ml(n'oé;; -3 -
: s CRUSHED ARED :
AN DINENSIONS. 10 B FRLD X
R E PLAN - s NI RATNE SUB-GRADE VERFD. PR T3, RO Ui v 5 BAR, 3 0.0
WQOUTLET STRUCTUR Ak SECTION (A %&/MA(J TYPICAL WALL SECTION ERAmAmE 0 Sarmero
ez o W PROPERLY COMPACTED O MORE TUN 3 FOUK LINGTHS, GRATE PETAIL
4 o = NATVE SUB-GRADE Ni5 SCALE: NTS
Computer File information STATEMENT: SCate: TOR-FULL ST (220x0a Index of Revisions Kiowa 100% COTTONWODD CREEK STORMWATER
Creabion Dote: By: HORIZ: 1"=10 VERT.: N/A He, Description Dale sEmoasre e DETENTEON BASIN PR-2
e : THE CTY OF COLORADO SPRINGS : BT BIDDING
Last Modification Sote: Br RECOGMNIZES THE DESIGNER ENGINEER - —— - — PLANS WQ STRUCTURE PLAN & DETAILS
File alh: AS HAVING RESPONSIBILTY FOR THE 2 Sinicture: e 2/
- , DESIGN. THE CITY HAS LIMITED ITS 3 Shert Subset S bate: 37232008 DRAINAGE BASiN:_ COTTONWOOD CREEK BASIN
et Woin) Nome: SCOPE OF REVIEW ACCORDINGLY
Microstation Ver. ' 4 Subrset Shesls: Checker: M Oole:  3/22/2018 JOB NO 17043 SHEEr__ 16 oF 24




8-

TOCBD.S

‘;s EF, @ 127 /77 T
432" HANDRAIUNGS " e G40

¢

1ok 77.25 Y it ) 2 - 450 AT /I\
A = - 2 "
A . 1 1 g | L | e
-l DETAIL O £y 18 =g = | /( 80
84.0 & B 5 "
f g,‘? N -0 - e
sgrRer | 0" ReP oL 1 g.? s T e St S ) 4
EN —— oL 1 {800 & THICK 80.5 (86) i ”mo e w.ﬂ,-r\\‘_ 3
79,25 ] fm CONCRETE Z et & 127 ol
_/‘a ‘ - . 7235 #9017y -
TOC 8404 7725 N\ - T
f ~ 152 ol | \
\./ ,//\/ 1 - —
b
™~ PROVIDE EOND BREAKER \m conmUous |
UETWEEN WALLS & SLABS ROFERLY COMPACTED . mrwoomo BEDDOG ¥

COMPACTED S =GRADE

FOREBAY PLAN g 18" | SEE oeTaL. 6/c FOREBAY PROFILE
s ¥ 1" H & ¥ SECTION £ AN
TocaRS . RCPOUTLET  \/J7

i . _ VER L
19 5" CONG & = 87 CONG. SUB -
| | ansg / i4 REBAR / 79.0 1 o
CONCRETE RAMP V 3] 80.25 ¢ IC / , 10 ( i 7 l
73.0 \
Y 3 i s ) "
- . " ; DETAILC :
o §5s 0 127 0.0 I VA R DEIALL
#5's © 17" oc. ]SB'm( I 12 0(:.12_ DETAIL B
7 bd] 76,25 T SILL WALL
T T 5
DETAIL D i W
HTS )
J— . _sag
78.5
MCROBOON,
760

MICRO-POOL INLET/ E \

ey 16117
w OUILET SIRUCTURE (BG)

o T =7 e
i s 7!

!

i 41l
| “‘I&ys @ 12" oc.
J

!

DETAUSSHEET 16, - -

WATERQUAL[TY BASlNSPILLWAYSECT!ON /E\j__ :
. T peHTESY s NRY

58 120 gy
|

i 76.0
¥y L ¥y
a...._.......f..........._. J [ ot em—————Y
Lizgs Lis ez oc oL \.
PROPERLY COMPACTED
MICRO-POOL ELEVATION /D \ SUSGRADE
} 1 . SCALE: EQR FULL SIZE (227x34" e
_Computer File Information STATEMENT: AL J 4 Index_of Revisions KISwWwa 100% COTTONWOOD CREEKSTORMWATER

rstin i o THE CITY OF COLORADO SPRINGS HORIZ: Lalgn  VERT: N/p | % ek e s BIDDING DETENTION BASIN PR-2
Lest ¥odeation Dole: B RECOGNIZES THE DESIGNER ENGINEER k e PLANS WATER QUALITY
Fie Pol: AS HAVING RESPONSIBILTY FOR THE 2 Stucle: Dot K Bole: 3222019 ER QUALITY BASM DETALS
Sheet Wodel o DESIG. THE CITY RS LMIED 115 ; v T Ty DRANAGE. RASH: _ COTTONWOOD CREEK BASIN
Wicrosioion Yer, 4 Sebsel Seets: Checkerr  EWW Dol 3/22/2019 JOB NO__ 17045  ouper 17 oF 24






