Preliminary Hydrology and
Hydraulics Report

For

Interstate Highway 25
Imprevements

Cimarron / Bijou Interchange
Celerado Springs, Colorado
CDOT Project IM 0252-334

July 2003

455 East Pikes Peak Avenue, Suite 200
Colorado Springs, Colorado 80503-3675
W & C Project No. X031000320



PRELIMINARY HYDROLOGY AND HYDRAULICS REPORT
FOR
INTERSTATE HIGHWAY 25
CIMARRON / BIJOU INTERCHANGE
COLORADO SPRINGS, COLORADO
CDOT PROJECT IM 0252-334

INTRODUCTION

The Colorade Department of Transportation (CDOT) has planned an improvement project for
Interstate Highway 25 at the Cimarron Street (US Highway 24) and Bijou Street interchanges.
This report presents the preliminary design of the local storm drainage facilities included in the
project. The report describes the storm drainage patterns of the project area, the design criteria
used, and the analysis that has been done. The local drainage improvements to be included in
the project are illustrated in the report. Monument Creek, Fountain Creek, and Bear Creek arc
adjacent to and or cross portions of the project. Floodplain issues related to the project for these
streams are discussed in a separate preliminary floodplain assessment dated July 2003.

GENERAL PROJECT LOCATION AND DESCRIPTION

This improvement project of I-25 from south of the Cimarron Street interchange to north of the
Bijou Street interchange is located within Sections 7, 18, and 19, Township 14 South, Range 66
West; and Sections 13 and 24, Township 14 South, Range 67 West; in the City of Colorado
Springs, El Paso County, Colorado, as illustrated on the Project Location Map included in the
Appendix. 1-25 is oriented generally north-south in the project area and parallels the west sides
of Monument Creek and Fountain Creek. The project begins about 4000 feet south of Cimarron
Street (Milepost 140.5) and extends to about 2600 feet north of Bijou Street (Milepost 142.4), a
distance of about 1.9 miles.

The project includes complete reconstruction of the highway. The proposed design provides for
an ultimate highway with four through lanes and an auxiliary lane in each direction. The
Cimarron Street and Bijou Street interchanges will be completely reconstructed, including new
bridges and ramps. The I-25 bridge over Colorado Avenue and the Cimarron Street bridge over
Fountain Creek will be reconstructed, and a new bridge will be constructed for I-25 over Bear
Creek. The project may also include reconstruction of the Bijou Street bridge over Monument

- Creek and the Union Pacific Railroad. The alignment of the highway will be widened and

shifted to the west requiring right-of-way acquisition from adjacent properties.

I-25 south of this project is currently being reconstructed as part of the Nevada Avenue and
Tejon Street interchange safety improvement project. The drainage issues related to that project
are discussed in Nevada / Tejon I-25 Interchange, CDOT Project No. SP 0232-342, Final
Hydraulics Report, prepared January 2001.  1-25 north of this project was reconstructed as part
of the Bijou Street to Fillmore Street safety improvement project. The drainage issues related to
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that project are discussed in Final Hydrology and Hvdraulics Report for Interstate Highway 25
Improvements, Bijou Street to Fillmore Street, Southbound, Colorado Springs, Colorado, CDOT
Project SP 0252-306, prepared March 1998.

FLOOD HISTORY

CDOT Region 2 design and maintenance staff and the City of Colorado Springs staff have been
contacted regarding flood history in the project area. Apparently the only documented flooding
history in the project area is related to general flooding along Monument Creek, Fountain Creek,
and Bear Creek. There is also recollection of localized flooding of I-25 and local streets
adjacent to the highway. This past flooding has apparently occurred on an isolated basis every
few years, usually in association with intense, localized thunderstorms.

The most significant local flooding problem in the area appears to be at the 1-25 depression under
Bijou Street, where the capacity of the storm drainage lift station has often been exceeded. New
larger capacity pumps were installed at the lift station in the Fall of 1993, however flooding of
this depression occurred soon after in the Summer of 1994, when the capacity of the new pumps
was exceeded. Since then, the capacity of the pumps has also been exceeded several more
times. The pumps do not operate occasionally, due to power failures during storms.

Local flooding has also been observed frequently along Colorado Avenue west of 1-25 between
Spruce Street and Chestnut Street, and in the low area of Cucharras Street between Walnut Street
and Chestnut Street. Local flooding has also occurred occasionally in the low area where Bijou
Street turns into Kiowa Street to the east of 1-25.

B HYDROLOGIC ANALYSIS

Drainage Basin Description

The drainage basins tributary to the project reach of 1-25 slope generally from northwest to
southeast, from about elevation 6140 a half mile west of the Bijou Street interchange to about
elevation 5925 just west of the highway at the south end of the project. The terrain of the area
consists of moderate to steep mesas with moderately sloping drainageways. There are several
significant existing culverts, storm sewers, and channels adjacent to or across I-25 along the
project reach that carry runoff to Monument Creek and Fountain Creek. The areas of the
drainage basins vary from less than one acre to about 82 acres. The drainage basins were
delineated based on project mapping, City of Colorado Springs F.I.M.S. mapping, and extensive
field observation. The overall project drainage basins are shown on the Drainage Basin Map.

Most of the drainage basin areas are fully developed as single-family residential, and
neighborhood and commercial business landuses. Only small isolated open undeveloped areas -
remain, that are covered with natural range grasses and scattered stands of native shrubs. There
are no reservoirs or detention areas that significantly affect runoff. Existing landuses and cover .
conditions for the drainage basins were based on the extensive field investigation. Future

landuses for areas that are currently undeveloped were based on adjacent landuse trends and

review of City landuse mapping.




oy

Sotils information from Soil Survey of El Paso County Area, Colorado, June 1981, prepared by
the Soils Conservation Service (S.C.S.) was reviewed. The natural soils are sandy, gravelly
loams and clay loams over sandstone and shale bedrock from the Chaseville-Midway complex,
Ellicott loamy coarse sand, Heldt clay loam, Razor-Midway complex, and Torrifluvents loamy
soils classifications. These soils classifications vary within the S.C.S. Hydrologic Soils Groups

A through D.

Design Frequency

The proposed cross drainage and parallel drainage facilities for this interstate highway in an
urban area are based on the major storm, 100-year return frequency. Storm drainage systems
were designed to pickup the 100-year discharges from the offsite areas west of 1-25 before they
reach the highway.

Design Criteria

Peak design discharges were estimated for each offsite drainage basin based on existing
development, and anticipated future development for those areas that are currently undeveloped.
Peak design discharges were estimated for the onsite drainage basins of I-25 based on the future
eight-lane roadway with auxiliary lanes full width roadway section. The Rational Method was
used to estimate the peak design discharges. Area, height, and length information was measured
on the basin mapping. Weighted runoff coefficients were based on criteria from the CDOT
Drainage Design Manual, 1995. The time of concentration for each drainage basin was
estimated considering overland flow time, channel flow time, and storm sewer flow time.
Rainfall intensity-duration-frequency information was taken from the City of Colorado Springs /
El Paso County Drairage Criteria Manual, which is based on the National Oceanic and
Atmospheric Administration NOAA Atlas 2, Precipitation-Frequency Atlas of the Western
United States, Volume II-Colorado, 1973. The peak discharges were routed through the basins
using time of concentration. The runoff coefficient table; overland, channel, and pipe flow
velocity curves; and the rainfall intensity-duration-frequency curves are included in the
Appendix.

Peak Design Discharges

The peak design discharges estimated for the various basins were used for the preliminary design
of the proposed storm drainage improvements. The preliminary hydrology calculations are
included in the Appendix.

HYDRAULIC ANALYSIS

Design Criteria

The preliminary design of the significant proposed local storm drainage improvements has been
done based on simple culvert calculations, hydraulic gradient analysis, and inlet capacity curves.
Friction losses for the storm sewers and culverts were calculated based on Manning’s equation,
and minor losses were calculated based on design curves from the City of Colorado Springs / El
Paso County Drainage Design Manual. The 10-year water surface elevation of Monument
Creek and Fountain Creek was used as the tailwater for the outfall of each of the systems,
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because the drainage area ratios of the tributary basin area was so small relative to the drainage
basin of the receiving stream, based on Federal Highway Administration (FHWA) guidelines.
Inlet control calculations were also done for each storm sewer and culvert entrance. Allowable
headwater depths were based on inlet grate elevations or channel overflow elevations. A
ponding depth of one foot was used for sizing area inlets. Minor storm drainage improvements
were only conceptually designed at this time because of the preliminary status of the roadway
design. The various design and capacity curves used in the hydraulic analysis are included in
the Appendix.

Existing Drainage Improvements

As mentioned previously, there are several significant existing culverts, storm sewers, and
channels adjacent to or across I-25 along the project reach that carry runoff to Monument Creek,
Fountain Creek, and Bear Creek. An existing grass and riprap lined channel drains southerly
along the west side of the highway from about 700 feet south of Cimarron Street to outfall in
Bear Creek. The existing storm sewer in Chestnut Street daylights in Cucharras Street, then
drains east to an existing culvert crossing of I-25 that outfalls in Monument Creek. The existing
storm sewer in Walnut Street turns and crosses the highway between Colorado Avenue and
Cucharras Street to outfall in Monument Creek. The existing storm sewer in Spruce Street turns
and crosses under the I-25 bridge over Colorado Avenue to outfall in Monument Creek. The
existing storm sewer in Kiowa Street crosses the highway to outfall in Monument Creek. The
existing storm sewer for the highway depression under Bijou Street flows to the lift station and
outfalls to Monument Creek just south of Bijou Street.

There are also numerous existing curb inlets, area inlets, and embankment protectors that drain
the existing highway, medians, and roadside areas. These inlets are connected to the existing
storm sewers and culverts, or cross the highway in small pipes.

Proposed Draimnage Improvements

The improvements planned for the highway will have a new horizontal alignment, a new vertical
profile, increased superelevation, and a wider cross section in compliance with current highway
standards. This will require reconstruction of the existing significant local storm drairage
facilities along the highway. These existing facilities do not have sufficient capacity to carry the
design runoff discharges expected and will be enlarged as necessary.

Most of the of the existing storm sewer systems extend west of the highway varying distances
into the adjacent development. The City uses a design policy to size storm sewer systems for
the initial storm, 10-year return frequency. Many of the existing storm sewer systems do not
appear to have sufficient capacity, based on field observation. Additional inlets will be
consiructed for these systems west of the highway to pickup the difference between the 100-year
peak discharge and the capacity of the existing system. A stubout that is sized for the 10-year
peak discharge will connect to the enlarged crossings under the new highway with the existing
storm sewer systems, to allow enlargement of the existing systems in the future if desired..

The alignment of the new widened highway will be shified to the west, south of Cimarron Street,
to minimize impacts to the Fountain Creek floodplain. The existing grass and riprap lined
channel that drains southerly along the west side of the highway to Bear Creek will be eliminated
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because the highway must be aligned so far to the west there will no longer be adequate space for
an open channel. Some of the remaining space on the west side of the new highway alignment
must be reserved for an underground electric conduit run that will be needed to replace the .
existing overhead electric lines in the area. The existing channel will be replaced with a new
storm sewer along the west side of the highway that will continue to drain the low point just
north of Abbott Lane to Bear Creek, and a new culvert crossing the highway about 350 feet south
of Cimarron Street to drain the existing channel from the west to Monument Creek rather than to
Bear Creek. The separate system is needed to drain the low point just north Abbott Lane,
because the 100-year water surface of Fountain Creek at the outfall of the system that drains the
channel from the west (further to the north) is higher than the elevation of the low point just
north of Abbott Lane.

A new storm sewer will be constructed under the existing Midland Railroad crossing bridge to
outfall in Monument Creek. It will eliminate the existing culvert crossing at Cucharras Street
and the existing storm sewer crossing between Colorado Avenue and Cucharras Street. This
alignment will allow the new crossing of I-25 under the existing bridge to be constructed without
impacting traffic on the highway. The existing bridge will then be removed as part of the
project. 'The new storm sewer will extend north along the west side of the highway to Cucharras
Street where a large area inlet will be located at the low point. A stubout will be provided to the
west in Cucharras Street for future extension and connection to the existing Chestnut Street
storm sewer, and a stubout will be constructed to the north along the west side of the highway to
connect to the existing Walnut Street storm sewer. The 100-year water surface of Monument
Creek at the outfall of this system is about two feet higher than the existing ground on the west
side of the highway where Spruce Street turns into Cucharras Street. This will allow water to
back up through the new system to the west side of the highway during the 100-year discharge
on Monument Creek. This is the same condition that currently occurs with the existing system
that drains the area.

A new storm sewer trunkline will be constructed along the east side of the highway from an
outfall about 325 feet south of Colorado Avenue to the I-25 depression under Bijou Street. The
location of the outfall for the new trunkline will provide a gravity flow system from the
depression into Monument Creek, and will eliminate the need for the existing storm drainage hift
station at the depression. The trunkline will follow the alignment of the existing trail along the
west side of Monument Creek to minimize impacts to the existing flagstone slope paving along
the west bank of the creek. A new storm sewer lateral crossing at Colorado Avenue will be
connected to this trunkline, and will replace the existing undersized storm sewer crossing at that
location. This storm sewer lateral will extend under the highway to Spruce Street where a large
area inlet will be constructed in a new low point west of the highway. A stubout will be
constructed to the north to conmect to the existing Spruce Street storm sewer. The existing storm
sewer crossing at Kiowa Street will also be replaced with a new storm sewer lateral connected to
the new trunkline. A large areainlet-will be constructed on this lateral on the west side of the
highway at the low point of Kiowa Street.

When the existing I-25 / Bijou Street interchange depression was built in the late 1950’s, the
roadway low point was constructed at an elevation that was about the same as the adjacent bed of
Monument Creek. The shale bedrock is only about two to three feet below that elevation. A
steel sheet piling cofferdam was constructed to divert much of groundwater around the depressed
area. A corrugated metal pipe underdrain system was constructed inside the cofferdam to carry
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groundwater inside the cofferdam to the storm drainage lift station. These improvements did not
remove the groundwater from the depressed area sufficiently. During construction large
aggregate and concrete pavement pads below the northbound and southbound ianes were added
to adequately stabilize the subgrade of the highway pavement. When the highway is
reconstructed the cofferdam will be extended to include the entire new roadway within the
depressed area. A new underdrain system connected to the new gravity flow trunkline will be
constructed within the enlarged cofferdam. It is also anticipated further roadway subgrade
improvements will be required in the depressed area. These subgrade improvements will be
wdentified during final design when more extensive soils and groundwater information is
obtained.

The Cimarron Street improvements will meet the existing roadway at the existing bridge over the
Union Pacific Railroad. The new roadway will slope westerly toward Fountain Creek. New
inlets will be constructed to pick up runoff from the new roadway just to the east of the new
Cimarron Street bridge over Fountain Creek.

Bijou Street will be aligned west of I-25 to the Spruce Street intersection. The inlet at the
northeast corner of the intersection will be reconstructed to fit the new curb and gutter. The
Bijou Street / Kiowa Strect curves cast of the Bijou Street bridge over Monument Creek and the
Union Pacific Railroad will also be realigned. Some of the existing inlets and connecting pipes
at this location will be replaced as required to fit the new street alignment, and the new profile
will be designed to fit some of the existing inlets where the roadway alignment is unchanged.

Numerous inlets with connecting pipes and embankment protectors will be needed to drain the
medians, median barriers, and roadside areas along the reconstructed highway. Storm sewer
systems will also be needed to drain the arcas of the two interchanges. These minor local storm
drainage improvements have been laid out conceptually.

The new significant local storm drainage facilities will cross existing sanitary sewers at several
locations. The preliminary design of these drainage facilities has provided adequate clearance at

these crossing locations.

The preliminary hydraulic calculations for the significant local storm drainage facilities are
included in the Appendix. The proposed significant local storm drainage facilities crossing and
adjacent to the highway, the conceptual minor local storm drainage improvements for the
highway and the interchange areas, and the preliminary cofferdam and underdrain improvements
at the Bijou Street depression are shown on the Drainage & Utility Plans included in the

Appendix.

EROSION CONTROL DURING CONSTUCTION, PERMANENT WATER QUALITY
IMPROVEMENTS, AND WETLANDS DISTURBANCE AND MITIGATION

A Storm Water Management Plan and erosion control improvement plans will be included with
the final design to meet NPDES permit requirements. These plans will be designed to minimize
erosion, sedimentation, and pollution of storm water during and after construction of the project.

Temporary erosion control measures such as surface roughening, check dams, storm drain inlet
protection, siit fences, slope drains, sediment basins, stabilized construction entrances, concrete
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waste conirol structures, spill control, groundwater control, timely reseeding and sodding, and
soil retention blankets wiil designed for erosion control during construction. Permanent erosion
control improvements such as riprap protection, drop structures, embankment protectors, slope
paving, and permanent seeding will be also be designed for long-term erosion control.

Final design will also include permanent water quality best management practice improvements,
Since the corridor of the project is very narrow between Monument Creek and Fountain Creek
on the east and the existing development on the west, these improvements will most likely be
structural elements incorporated into the storm sewers and culverts. Grass swales with sediment
traps, grass buffer strips, infiltration trenches, and extended dry detention basins may be practical
in the open areas of interchanges, especially at Cimarron Street, and any other open areas where
there will be excess right-of-way.

Wetland disturbance and mitigation plans for areas along Monument Creek, Fountain Creek, and
Bear Creek will be included in final design. A 404 Permit will be processed through the US
Army Corps of Engineers for the wetland filling and mitigation, to comply with the environment
assessment for the overall I-25 Corridor. If required, a Section 401 water quality certificate will
be processed through the Colorado Department of Health. Other drainage related permits
required, will be processed through local agencies, as needed.

SUMMARY

The preliminary design of the local storm drainage improvements for planned improvement
project for Interstate Highway 25 at the Cimarron Street (US Highway 24) and Bijou Street
interchanges is in general conformance with CDOT and City of Colorado Springs / El Paso
County design criteria. The proposed improvements maintain existing drainage patterns as

-closely as possible. Final detailed hydrology and hydraulic analyses will be included with the
final design of the project, as the final roadway alignment, cross-section, profile, and area
grading are completed.
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HYDROLOGIC DESIGN INFORMATION




CDOT Drainage Manual, 1995

Chapter 7 - Hydrology

Table 7.4 Recommended Runoff Coefficients and Percent Impervious

Land Use or Surface Percent
Characteristics Impervious
Business:

Commercial Areas 95

Neighborhood Areas 70
Residential:

Single-Family

Multi-Unit (detached) 50

Multi-Unit (attached) 70

Y2 Acre Lot or Larger

Apartments 70
Industrial:

Light Areas 80

Heavy Areas S0
Parks, Cemeteries: 7
Plavgrounds: 13
Schools: 50
Railroad Yard Areas: 40
Undeveloped Areas:

Historic Flow Analysis,

Greenbelt, Agricultural: 2

Offsite Flow Analysis: 45

(when land use not defined)

Streets:

Paved 100

Gravel 13
Drive and Walks: 96
Roofs: 90
Lawns, Sandy Soil: 0

4]

Lawns, Clavey Soil:

2

.87
.60

AQ
A5
60
.30
.65

1
.80
.10
13
A5
40

See
43

.87
15
87
.80
.00
.05

Frequency
5 10
.87 .88
.65 70
45 .50
.50 .60
.65 .70
35 40
70 .70
T2 .76
80 - .85
10 33
25 35
50 .60
45 50
Lawns
47 55,
.88 .80
25 35
.87 .88
.85 .90
.01 .05
.10 20

100

.89
.80

.60

.70
.80
.60
.80

.82
.90
.60
.65
.70
.60

.65

93
65
.89
.80
20
40

Note: These Rational Formula coefficients may not be valid for large basins.

Source: Urban Storm Drainage Criterta Manual (UDFCD, 1969).
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CDOT Drainage Manual, 1995 Chapter 7 - Hydrology
where:
T, = time of concentration, in minutes, at the first design point
L = basin length in feet

A minimum T, is to be 5 minutes in urban areas and 10 minutes in rural areas.
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CONCRETE PIPE DESIGN MANUAL

152

FIGURE §

FLOW FOR CIRCULAR PIPE FLOWING FULL
BASED ON MANNING'S EQUATION n=0.013

LY W R Y ALY % n%m. rﬂ\n“ S m % u
SRR e AR PO A
N AY LY A 3 - '\ N
\ A ] /\f\ o . P
A NN \w\j\y’.\,_ N NN D /
NANNN e X X S IT -
NN OGRS
AR DAY R EE s 5
Nty NN DS A
5/’*1( ol " ‘_.A“\ﬂ; A P\r b k_ﬂ A N —~ Cl/’
AN AN h_h (L N AY by
\ S NN LAY Y N TN N\ Lo
Sy A\ KXY N\ N SAATNEACTTY Py
A N ST NX NI N
NORSKARE, SRS L SR K X
|4 N .
XVA/ VA J A’ < d -WA,NV, N
T B R ,
N A NDLON BN \
LY LY rrC’ Lo /ﬂ.d >l - ﬁ/ ff LY
r/ ﬁr e N\ XNy N Y
AY NI - AY AW WY
A\ e ENIAYAN N
S A NN NN RIS
7 A NN SANWN =

AN

AN N

> N \
SN NN
AVIIAY

UNQOSS ¥3d L334 218N NI MO

////ow

2 3 456 810

3456381

2

Jd
SLCPE OF PIPE IN FEET PER 100 FEET

02 .03.04.05



INCHES PER HOUR

INTENSITY

A Cemerra Comparny

Te TIME IN MINUTES

RE: Based upon Pikes Poak ocrea councHl of governmsnts/
areawida urbon runoff coniroi manual,

y R
\ 2>
INEER
3 S~
< .
@
\\
Q 1o 20 320 40 50 60

The City of Colorado Springs / El Paso County
Orainage Criterla Manual

Storm Rainfall
Time Intensity—-Frequency Curves

Data

OCT. 1987

e
Figure ]

5-1




Chapter 13 - Storm Drains

CDOT Drainage Manual, 1995
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HYDROLOGIC CALCULATIONS
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